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SUMMARY

When BMR's ncw Twin Otter aircraft was being
fitted out for geophysical surveying, an integrated system

for acquisition of digital data was developed. 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. e

The integrated sYstem‘ is built”around a Hewlett-

Packard 2114B general-purpose digital vcomputer, lnterfacedv‘;
to a l6é-channel digital input multiplexer and magnetic tape.
recorder. A visible and permanent analogue recora -of the -

input data is maintained by, chart recorders, to’ enable the

operator to monitor = data quallty and ' to ass1st later in

interpretation of the data. The chart drive. motors can : be.

run at five fixed speeds or coupled to the Doppler 51gnal SO
that chart speed is proportlonal tc ground - speed. The

Doppler signals are also coupled to a display unit whlch

assists the pllot to follow the planned fllght path

The system is 'extremely ‘rellable,'and‘error?frée
flights are common. R - L




1. INTRODUCTION

Towards the end of 1970 the Bureauw of Mineral
Resources (BMR) took delivery of a 'new geophysical survey

aircraft, a Twin Otter, VH-BMG. = The aircraft replaced 'a

DC.3 that had been used for /regional'aeromagnetiC"andsk
radiometric surveys throughout Australia since 1954. One of
the tasks in preparing the new aircraft for survey work was:
the installaticn of an integrated digital data achlSltlon'“
system. This Report glves a brief description of the system i

and the results obtained in two years' use..

‘Since 1960 the DC. 3 had operated w1th ngltal data

acquisition equipment = that recorded magnetometer readlngs

and fiducial timing information on. ‘punched: paper tape. This

equlpment had ewvolved through several stages in the succeed-

ing years and had established a good record of reliability.

The functions of the data acquisition system were controlled =
by a hardwired sequencer designed and constrtcted by BMR and,ﬁ

built into the alrcraft tlmer unlt

In the Tw1n Otter it was: 1ntended to ;record cinc
digital form, the geophysical and Doppler navigational. datapT
using one central acquisition system. '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, sultably interfaced to a digital

input multiplexer and magnetic - tape recorder, rather than

use a hardwire controller. This choice allows the acqulsl—
tion, checking, and recordlng of data to be controlled by a
computer program, which should be ,easy to- produce and

modify. It was expected that a computer—based system would -
prove more adaptable for future additions to the geophy31calf

equipment carried. Also, 'if needed, dlfferent types - of

airborne survey operation with dlfferent sets of equipment
could be accommodated’' merely by kloadlng a new - computer
program. Moreover, = when not being used in. this role the .

computer could be used on other data proce551ng or computa—
tional work. : : :

The initial intention was to have ‘they necessaryjs
computer program written by a professional programmlngf :
organization that would work under contract to BMR. = While.

this arrangement was belng organlzed a 51mple prellmlnary
program was written  in BMR to test some of ' the broad
principles of system operatlon.;‘ By April 1971 1t -was
apparent that the BMR program could be modified to meet the

speci.fication requlred by the proposed contract. Consequen—.”
tly, the external contract- proposal was. abandoned and by .

May 1971 the upgraded BMR data acqulsltlon program was ready‘

for airborne testlng. This fllght testlng revealed no
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serious deficiencies, and the BMR procram has come thronghrr7

the two succeeding years of survey. use with onlyvminor;qd_[f

modification and additicns.

A block diagram of the data acquisition systemﬂisl'v
displayed in Plate 1. A Slmpllfled 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‘thei'_
geophysical and navigational data  channels and their
respective sampllng rates are as tabulated below:. e

Data channel = e Sample rate ~ Data format

n

Magnetometer”(Z channelS) 0.2 seq‘ BCD*«dlgltS‘h‘

Gamma-ray spectrometer LT
,BCD*Qdigits

Channel 1 (Total) 1.sec 4 -
Channel 2 (K) 1 sec 4 BCD* digits i
Channel 3  (U) 1 sec 4 BCD* digits
Channel 4 (Th) 1 sec : -4 BCD*,digitS“'
Altitude 1lsec -~ 3 BCD* digits
Doppler along track 1 sec o 1a- bit blnary
Doppler across track 1 sec - ~‘1‘r}r 14’b1t_b1nary
Fiducial number l.sec = 4 BCD digits |
Flight. number -1 per flight ,3‘BCDtdigitSff

* BCD - Binary Coded Decimal

All the above data channels are attached, to the
computer via a l6-channel digital 1nput multlplexer., Five
of the 16 channels are not ‘requlred at’ present and ‘are
available for future growth. . ‘ :

As well - as geophy51cal data the computer program_‘
reaquires certain tlmlng and control 1nformatlon. Every 0.2
se onds a signal from the tlmer 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 acqulsltlon to start and. stop
in step with the flduc1al " system. A command to start or
stop recordlng data on magnetic tape is generated when the
equipment operator presse: a button at the start or end of a
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survey - line. Two additional logic ~51gnals control the

operation of the pllot's Doppler. p051tlon 1nd1cators as

descrlbed in detail in Section 4.

These auxiliary data ‘inputs enter the computer via
a 1l6-bit input/output interface.

The timing of the 'read' commands is arranged soO
that the digital outputs from the instruments have settled
to a steady state when the computer takes a reading. The .
computer responds to a 'read': command,,whlch ‘has ‘the highest
internal priority, ir less than 10 mlcroseconds. “This fast
response eliminates any pOSSlblllty of parallax, errors'
between geophy31cal readlngs and the fiducial timing system.,t

3. ANALOGUE CHART RECORDER OUTPUT

Incoming readings on all geophysical data channels
are passed by the computer to the digital-to-analogue multi-
~ plexer.  The resultant d.c. voltage Canalogues of the data
are recorded on chart recorders, giving & 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 1nterpretatlon of'g
the geophys1cal 1nformatlon. ' A S

On a survey mission. the chart records are the. only,“

monitor of data quallty. " The _operator has to malntaln,a"l5l
watch on the charts and, in the event of serious degradation =~ =

of data quality, decide whether tc abandon the flight. This
procedure is simple and flexible: and, provided the: operator
makes . an'.lntelllgent assessment of the. .51tuatlon,',works
well. It 1s unlikely that any attempt will be made in the
future to involve the computer in a s1~n1f1cant real tlme
data valrdatlon role.. : g}_‘. : L : \‘

'Zero and full- span outputs Dare dlsplayed on the-
chart recorders automatically at .the end of a survey line to
allow the checklng of” recorder” callbratlon.,» Recorder cali-.
_bration outputs can bé manually initiated by ‘the operator, .
' during intervals when data axe not being rrecorded,: by .-
settlng blt l on . the computer oWltCh reglster.g

- ;The-paper' drlve on the ‘chart.- recorders has Ewo
modes of operation. In TIME mode, five fixed speed ranges .
from 0.6 cm/min to 12 cm/min- Care . avallabl,. In . DOPPLER '
mode, the chart drive stepper*’motors are drlven at a rate'

proportional to aircraft, ground Speed ' Flve‘ sw1tchable ff
ranges provide chart scales from l 500 000 to 1% 25 OOO _ Forl

BEOR
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DOPPLER mode operation the computer produces .a control:
voltage on one channel of the digital-to-analogue ' multi-:
plexer. This voltage, derived from along-track velocity,”
regulaces the frequency of a voltage-controlled osc1llator,?

. which in turn governs the speed of the chart drive.

4. DOPPLER NAVIGATION

The Marconi AD560 Doppler‘:nav19atlon _syStemf7“"”

installed in VH-BMG is essentially an analogue device. .

Using a system of mechanical counters, the standard .equlp‘-ff'

ment provides = a digital readout of distances. (in nautical

miles) along and across: track. Survey use requires a method

of converting the Doppler co-ordinates to electronic digital

form, with a much higher resolution. This is achieved by

means of a pair of commercially available synchro~to digital
converters; these are coupled +to, the electrical signal

lines that drive the standard Doppleri dlsplay counters,'and;~‘
have a reading accuracy equlvarent to a Doppler.dlstance of e

about 3 cm.

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 cver some known‘ reference . p01nt
before starting the first survey line. If this procedure is
not adopted an arbitrary origin, which is located ~at  ‘the
point of commencement of the first survey llne, is ‘Usea.f

Doppler pcsition is recorded on magnetlc tape; every. lO_,f'

seconds, the least 51gn1f1cant dlglt belng equlvalent to a
distance of 10 metres.' E S

The other Doppler co—ordlnate system prov1des the

aircraft pilot with accurate nav1gatlonar data for aircraft

guldance along the required survey path. This system, which
is entirely controlled by the pilot from the flight compart-
ment, produces sa readout of distance across track (in the

format 00.00 km) and along track (in the format 000.0 km) on‘::‘y

a display, which is ~updated . every second. An across—track
analogue voltage is also produced on one. dlgltal -to=-analogue.
converter <channel. This signal is used to deflect the
needle of a steering indicator on the pilot's "instrument
panel. Full-scale deflectlon of the needle to the 1left or
right is equivalent to an across-track error of about 1 km.
Two switches situated next to the Doppler dlspray allow the
pilot to tell the 'computer when to reset the Doppler
distances to zero and when to: reverse the 1nd1cat10n of left
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and right. The latter facility is required to‘maintainhthe =
correct sense of the steering data irrespective of whether '

the' aircraft track is towards or “away from the”Doppler;,rra

origin.

5. MAGNETIC TAPE.RECORDING |

Data are accumulated in the memory of the computerw_""

to form 10-second blocks for recordlng on magnetic tape.
This block size was chosen mainly for compatlblllty with the.
10-second fiducial timing system. "With blocks of ‘this size,

the total loss of a block ln,‘the event of ;rrecoverablext;

recording 'errors can be tolerated.

_ To simplify . later processrng of the fleld data
tapes in a large-scale computer system. (currently CSIRO's
CDC 3600 and CYBER 76 computers), and also to lessen the
dependence on a . particular computer System,‘a s1mple blnary
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 arlthmetlc sum‘,of all

the data words in the block, is appended to thetrecordfahd"fd
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 contalned]‘ﬁ

in bad blocks.

A 10-second data,record occuples about 7.5 cm of_‘fv
tape. A 1200-foot reel of ‘tape  would  allow 13 hours of

recording - double the maximum flight. endurance,;_

One of the prlme advantages of the computer-
controlled acquisition system is the considerable amount of
checking incorporated in the magnetic tape recordlng phasey
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 certa1n7
types of writing errors to be detected as wrltlng takes
place. On completion of a write operation the 'flux check’~
will indicate if .any errors were detected ln the recordlngff

of +that block of data.

When a 'flux check' error occurs, the computerv'
rewrites the data record on ' a new section of. tape, leav1ng
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 unlt e SR

‘
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The second level of checkind®is done on a small
sample of data blocks. 'After a record has -been written, -
with no 'flux check' error, the 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" retalned - in the

computer. If errors are detected the record is rewrltten,vbw
as it is for a 'flux check' error. ' The check reading
process 1s invoked from time to time by operator‘ actlon K

(setting bit 0 of the computer switch reglster) “but -

option allows for automatic check readlng at a predetermlned‘.“w

sample rate.

6. RESULTS AND CONCLUSIONS =

Two serious problems appeared in the flrst Fouw

months of operation. Both occurred at lnfrequent 1ntervals:j”'

and affected the computer 1nput/output system.' " The more

common trouble produced: a condition where ‘all  computer-:
controlled data transfers ceased. The other problem,,almost‘ i
as serious, prevented the recordlng of .data‘ onto magnetic - -
tape because the tape recorder returned 'busy _status indef-~

initely to the computer. Small modlflcatlons to the comput-
er program allowed the computer to recognize' the symptoms of

both these ' problems and automatically = re- 1n1t1ate 1nput/y

output with llttle Or. no loss of data.glby_

Since these problems were cleared up the operatlon

of the system has been completely satlsfactory. The relia-
bility of individual system sub- -units has been exceptlonally_

high. Magnetic tape has proved to be a very reliable

recording medium. A sample check.  on system performance

showed that only 12 out of 27 000 records contained - timing
or recording . errors. As this sample size is equlvalent to

the data produced in 75 hours of survey flylng, error—free
flights_are cOmmon. : ; s 2

7 A number of small 1mprovements to the acQu151t1on‘
system. are currently planned.  A. light-weight : thermal .

printer and keyboa¥*d has been acquired and will be intexrfac-

ed to the computer. This will prov1de greatly 1ncreased‘r(
communlcatlon and interaction between “ the. _system and the

operator during fllght and also w1ll allow better checklng

and playback of recdorded data after a survey fllght It is-
also planned to increase: the&: resolutlon ~of’ the - recorded“
Doppler co—ordlnates by a factor of 10 to give distances in

metres. This may improve the accuracy of line/tie cross-
over positions extracted from the Doppler data in the course
of data reductlon. « = .
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It is expected that further changes will be made
from time to time as the system evolves and further exper—’-

ience accumulates.

The choice of employlng a software controlled data*-l'

acquisition system based on a dlgltal computer has been’

vindicated by the results obtained. The 'major. advantages,p'

this system offers over a ‘hardware- controlled system are:

(a) The comprehenS1ve checklng of recorded data,‘h
making use of the 'flux check faclllty and - the o
backspac>—and~read option. e

(b) The conversion of datavto flxed—length blnary

words, and the inclusion of a checksum word when i

recording on magnecic tape. -

(c) The availability of the computer for Doppler
navigation calculations. S ‘ S S

(d) The relative ease of making'chéngeS‘tOVthe‘con—?‘M
trolling software. ' ‘ - : o .

The current workload on the computer is very low:
probably only one to two percent of the available computer
time is usefully spent This unused computer time could be
used for background tasks, but at present there : does not

appear to be much scope for thlS llne of development 1n the

aircraft environment.

Some dlsadvantages of thlS system ”are‘also appar—fﬂ‘
ent, mainly the higher initial cost and the large physical.

size and weight of the computer. = Both these dlsadvantagespf”ﬁ
are likely to disappear in the future,- as m;nlncomputers are;,f'

rapldly becomlng smaller and cheaper.;y
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APPENDIX l

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 &jmodel:",, Hewlett-Packerd 12566A .
Number of ,
channels-d, - 16 v
Word size: 16 bits

Digital-to-analogue multlplexer

Make & model: . Hewlett-Packard 12555
Number of
v channels: . . 16 : e
-‘Word 81ze- R “10 bits 1nciud1ng s1gn
. bit ‘

Output Voltage.:,,elO‘to +lO vOlts :

Magnetic tape recorder

Make & model: Kennedy 1600, RH 7-_:rack/
: - incremental recorder
j ‘with 'flux check'

: L - optlon
Recording: | d,NRZI mode at 200 bpl,‘
R PR ' even or odd parlty
Writing rate: = 500 characters. per cecond
‘Reading rate:  1000° characters ‘per |

second R
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DATA ACQUISITION PROGRAM: ASSEMBLY LENGUAGE LISTING
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PAGE 0002 01 ees JIRBORNE DATA ACQUISITION/PROGRAM 22/6/73 ses;

0e02 00000 NAM BMGV2
0003ees e S
0o04e GEOPHYSICAL DATA ACQUISITION.PROGRAM FORIHEWLETT=PACKARD 21148
0005+ DIGITAL COMPUTER [NSTALLED [N SURVEY AIRCRAFT Vh-BNG .
0006» - ) 3‘} %

"0007# SYSTEM HARDWARE CONFIGURATION - - B R
noos8e \ ) ST
00098  H=P 21148 DIGITAL COMPUTER WITH BK MEMORY
0o10e  3MR AIRCRAFT TIMER NZA1 = . P
0o11s  HwP 16 CHANNEL DIGITAL INPUT MULTIPLEXER - . .
0ol12s H=P 16 CHANNEL DIGITAL TO ANALOGUE DQUTPL* MULTIPLEXER

f,

Q013s  KENNEDY 1600 READ/WRJTVE INCREMENTAL MAGKETIC TAPE RECORDER
00id4e  4aP 40 BIT OUTPUT REGISTER SR

g0i%e 16 BIT INPUT/OUTPUT INTERFACE ‘ po
016 : ' v Fol
Q017e SIMPLE OUTLINE OF PROGRAM OPERATION - i
0018e ‘

0019 ThE MAIN PRORGAN GONSISTS OF A LOOP THAT CONTINUALLY MONJTORS THE.
Qn20s CURRENT STATUS OF DATA ACQUISITION AND DATA OUTPUT ONTO MAGNETIC
0021» TAPE, IF THE AVAILIBILITY OF DATA MEANS T{AT WORK CAN BE DONE. IN
0022e OAE OF THESE AREAS THAT JOB S DONE, OTHERWISE CONTROL PASSES ON
0023s ARQUND THE {{00P, NORMALLY THIS LOOP IS COMPLETED THOUSANDS CF )
0024e TIMES PER SECOND = THAT IS TKE COMPUTER SEENDS A LARGE PART OF ITS
p0025e TIME WAITING FOR WORK, c BT o
0o26e : ;L : 3
0027» TWE TIMER INTERRUPTS THE MAIN PROGRAM EVER'* 0.2 SECONDS.- A SPECIAL
0028« SUAROUTINE SEIZES CONTROL OF THE COMPUTER AND READS ALL REQUIRED
0029e NDATA CHANNELS STORING THE READINGS I[N TWE YNPUT BUFFER, THE .
0n30e “ASNETOMETER IS READ 5 TIMES PER SECOND BUT ALL OTHER CHANNELS ARE
0631e SAMPLED ONCE PER SECOND, A SPECIAL COUNTER 15 INCREMENTED - e
gn32e [NIICATING TO THE MAIN PROGRAM THAT READINGS ARE AVAILABLE, .. = ¢
0033s CONTROL THEN RETURNS TO THE MAIN PROGRAM AT THE POINT OF -INTERRUPT
0034 ; ,

0035% A SHORT TIME AFTER A TIMER INTERRUPT HAS OCCURED THE MAIN PROGRAM -
gn3ée WILL DETECT THAT MORE REAUINGS ARE WAITING. THE READINGS ARE ~
0n37e TRANSFERRED TO A CYCLIC HOLDING BUFFER,. THE PROGRAM HAS .FOUR OF
0038 THESE BUFFERS WHICH ARE USED ON ‘A CYCLIC BASIS, EACH BUFFER HOLDS
0n39s DATA ACQUIRED OVER A 10 SECOND FIDUCIAL PERIOD, ' S
0040= ) S ;

0n4ie AT THE SAME TIME MAGNETOMETER, GAMMA=RAY SPECTROMETER AND

0042e ALTIMETER READINGS, ARE OUTPUT T0 THE D/a CONVERTER “PRODUCING

0n43e VOLTAGE ANALOGUES OF THE GEOPHYSICAL DATA WHICH IS DISPLAYED. oM. .
0044e CHART 'RECORDERS PROVIDING A USEFUL RECORD AS WELL AS REING A°
Q045 VISUAL MONITOR OF SYSTEM OPERATIOM, DQPPLER ALONG AND CROSS TRACK ©
0p46e COORDINATES ARE CALCULATED AND THE PILDTS. DOPPLER BISPLAY IS ;
No47e UPJATED, DOPPLER PUSIT]ON AT THE START OF TWE FIDUCUAL PERIOD IS
0048 STORED FOR INCLUSION ON THE MAGNETIC TAPE, ’ ‘ e
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PAGE 0003 01 ees AIRBORNE DATA ACQUISITION PROGRAN'22/6/73 vwa

anS1e . o : o
0052s AT THE END OF A FIDUCIAL INTERVAL 'THE CURRENT cCYCLIC BUFFER IS
0053« FULL UP 'AND IS FLAGGED FOR QUTPUT ONTO MAGNETIC TAPE, THE FLOW OF
0054« INPUT DATA IS SWITCHED TO START FILLING THE NEXT BUFFER, THE -
00558 HMAGNETIC TAPE OUTPUT ROUYINE NOTICES WHEN A FULL CYCLIC BUFFER IS
0056s AVAILARLE AND COMMENCES THE PROCESS OfF OUTPUTING THAT. BLOCK OF B
0057« DATA ONTO TAPE, DATA“STORED IN BCD FORMAT IS CONVERTED T0 24 BIT
Qn58e BI'JARY FORMAT A:!D TRAWSFERRED TQ THE MAGNETIC T4PE QUTPUT :BUFFER,
0059« A CHECKSUM WOR[ USED FOR CHECKING plURING PROCESSING IN .CANBERRA
0060+ IS ADDED AND THE HLOCK .OF DATA IS WRITTEN ONTO TAPE AS ONE RECORD,
0o61s ALL MT RECORLER OPERATIONS USE THE INTERRUPT SYSTEM, -

0062% ALLNWING PROCESSING TO OVERLAP WITH INPUT/0UTPUT, WHEN THE WRITE
N063> DPERATION IS COMPLETE THE STATUS OF THE KENNEDY RECORDER :

Joédaes FLUX=-CHECK FACILITY S USED TO DETECT IF ANY ERRORS WERE MADE IN
00658 WRITING THAT BLOCK,. IF AN ERROR. IS DETECTED ANOTHER ATTEMPT IS
0n6se MaDE AT RECORDING THE BLOCK, THREE ATTEMPTS ARE ALLOWED BEFQRE
0n67e THE BLOCK IS ABANDOWNED, AS A FURTHER CHECK A" RECORD CAN .BE READ
006Be BACK INTO THE COMPUTER AND COMPARED WITH THE ORIGINAL DATA,

0n70s MULTIPLEXER CHANNEL ASSIGNMENTS AND CHART RECORDER SENSITIVITIES

0n71e : .
N072» CHAN'IEL INPUT MULTIPLEXER. D/A MULTIPLEXER -
0074 1 MOST SIGNIFICANT MaG DIGIT - "MaG 250 GAMMAS. FSD =
0075» 2 LOWER 4 MAG DIGITS MAG 500 GAMMAS FSpD.
0n7es - 3 KADIO ALTIMETER | MAG 2000 GAMMAS FSD
na77e 4 FIDUCIAL NUMBER """  ALTITUDE $00 METRES FSD
dn78+ 5 TOTAL COUNT 4% - 'TOTAL .COUNT 1000 FSD
2075 6 _POTASSIUM COUNT = ' ~ K. 250. COUNTS FSD
080w 7 URANIUM COUNY B tU 100 COUNTS FSD
0oB1ie 8 .THORIUM COUNT:” Lo TH 100 COUNTS FSD
onB2e 9 .. DOPPLER ALONG TRACK " - DOPPLER CROSS TRACK DC
NGB8 10  DOPPLER CROSS' TRACK . ° CHART SPREED CONTROL
2084 11 - FLIGHT NUMBER S R w
0ng6e o .

D087e COMPUTER 170 SLOT ASSIGNMENTS E
Jn88e " o

0089 10 MICROCIRCUIT INTERFACE " : S

pogus - 11 INPUT MULTIPLEXER = NON INTERRUPT DEVICE

0091 12 D/A MULTIPLEXER - NON INTERRUPT DEVICE

0092» 13  TELEPRINTER, UNIT REFERENGCE 7. - v

0093s 14 KENNEDY RECORDER, UNIT REFERENCE 10

0ngdem 15 PAPER TAPE READER, UNIT REFERENCE 41

0n95e 16 40 .BIT REGISTER - NON [NTERRUPT DEVICE
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0098esese MAGNETIC TAPE FORMAT esese _

0099 . f ‘ TN : N
0400e ALL RECORDING 1S IN ODD PARITY, THE FIRST INFORMATION ON THE TAPE
0t01e IS THE FLIGHT HEADER, THIS RECORD. 1S .80 CHARACTERS IN LENGTH AND::
Q1r2s CONTAINS THE FLIGHT NUMBER, SURVEY DATA IS RECORDED IN 460 ‘
01J3s CHARACTER RECORDS, ONE RECORD 1S .PRODUCED EVERY 10 SECONDS, SURVEY
0-04e LINVES ARE SEPARATED BY ENDeOF-~FILE RECORDS AND THE-FLIGHT IS - :
005 CONCLUDED BY 2 CONSECUTIVE EOF RECORDS SR .

0..06= - T LT .

0107% DATA RECORDS HAVE A SIMPLE BINARY . FORMAT WITH ALL INFORMATION
0108e CONTAINED IN 24 BIT BINARY WORDS, THE ORDER OF INFORMATION WITHIN.
04098 A RCCORD IS.SET 0OUT BELOW.. , S : o

0110»

0tl1e WORD 1 BLOCK NUMBER ;

0112» 2 ATTEMPT NUMBER R

0113e 3 DOPPLER "ALONG. TRACK. ‘

0137+ 4 DOPPLER CROSS TRACK = .= =~

0.2~ ' S ’ N

ga"h DATA FOR FIRST SECOND OF FIDUDIAL PERIOD -

13° ‘ : T R

0118% 5 ALTITUDE ,

0119 6 FIDUCIAL" NUMBER

0120 7 . TOTAL COUNT

0121 8 POTASSIUM COUNT

0122« 9 URANIUM. COUNT

0123 10 THORIUM COUNT P NI
0124» 11 MAGNETOMETER READING AT 0,0 SEC . © . ©
0125» 12 MAGNETOMETER READING AT. 0,2 SEC s
0126+ 13 'MAGNETOMETER READING, AT ‘0,4 SEC

0127+ 14  MAGNETOMETER READING AT 0,6 SEC:

0122- 15 MAGNETOMETER READING AT 0.8 SEC

01"’ ° ‘ : o ‘“‘ ' : ' ‘\\'." ! '\. . .
0130+ DATA FOR NEXT ‘9 SECONDS IN WORDS 16-114 REPETITION OF
0131 SEQUENCE FOR FIRST SECOND R R e
0132+ ‘ o )

' 9133e 115  CHECKSUM WORD



PAGE 0005
0136
0137
0138
0139
0140 00000
i1a1see
0142s RESET
01430a0
0144 00001
0145 00002
0146 00003
0147 00004
Dg44B8ene

g

01 ees A9BORNE DATA ACQUISITION PROGRAM 22/6/73 #es

ENT
EXT
COM
COoM
NOP

BMGY
+I0C,.DINIT,.DOPOO
BUFIN(ZOO).BUFA(l/O),BUFB(170) BUFC(170)
BUFD(170) BUFY(ZSS) 8UFZ(235)

000000 BMGY
PROGRAM STARTING CONDITIONS

CLEAR MICROCIRCUIT INTERFACE

107710 CLC MCR,C

102100 STF 0 TURN.ON INTERRUPT- SYSTEM
016001X JSB .10c, CLEAR: SYSTEH o

000000 oCr 0

0149 SET INPUT ANU OQUTPUT POINTERS TO THE FIRST CYCLIC BUFFER

0150+ SADD AN QADD CONTAIN BUFFER STARTING ADDRFSS
0151« CONTAIN ADNRESS OF BUFFER STATUS WORD;
0152e STATUS WORD 0OF THE NEXT

0153 eae

0154 00005
0155 00006
0¢56 00007
0157 00010
0158 00011
01459 00012
0160 00013
0¢64 00014
0162 00015
0163 00916
0164 00017
01685 00020
0456 20221
3167 00022
0168 00023
0169 . 00024
0¢74 006025
0171 00226
0172 00027
0173 00030
0174 00031
0175 00032
017¢ 00033
0177 00034
0¢78 00035
0179 00036
0¢80 00037
0181 00040
0182 00041
0183 00042
0184 00043
0489 00044:
0186 N0J45
01487 00045
0188 00947
0189 00050
0190 00051

0191 . 00352

Ss P aND R
Pl pOINTS TO
CYCLIC BUFFER

0600148 LDA POINT- INITIALISE CYCLlC HOLDING BUFFER
0700268 STA QADD SET INPUT BUFFER ADDRESS '
0700278 STA SADD SET ourPur 'BUFFER ADDRESS
002004 INA «

070ucis STA P 'ET RUFFER STATUS WORD .DDPFSS
‘0700228 STA R ’

042023R ADA =2D3 oo o o

0700214 STA P1 - - ‘

002400 CLA ' iR . i
0700028 STA TABey. . CLEAR BUFFER STATUS WORDS *
0700058 STA TABe«4 e S
0700108 STA“TABs7

0700138 STA TABe1p - i

0700538 STA LINE LINE ON:. FLAG

0700948 ~STA LEC LINE. END CHART LALIRRATE FLAF
07200623 STA SHLAG ‘,SHORT BLOCK FLAG

0700638 STA_ TOTAL 1NTERRUPT DATA INPUT COUNTER
0700508 STA CAL1 . : N Ve
6700528 STA CALS

0700668 STA CALS

002004 INA B

0700618 STA BEGIN

0700738 STA BOUTL

0700718 *STA BLOUT R L S
063166R LDA WR]TA CLEAP MT OQUTPUT ROUTINE
073164R _STA MTFN , S .

002400 CLA L

0701038 STA MTFLG

0700748 STA MTFN2

063274R LDA READC

003004 CMA,INA

0700728 STA -RCNTR )

016002X% JSB DINIT INITTALISE DOPPLER ROUTINE
000053R DEF a+5 ‘

0000328 DEF K3

0npo538 DEF LINE

0606358 DEF INPUT

001746K DISPA DEF DUATA




PAGE 07206
019480
0195s
0196«
0197+
J198s Te]S
1190«
N200ess
0201 QU053
0202 00054
0203 Q0055
N204 00056
0205 00357
0206 0uD60
N207 020061
0208 09062
0209 00063
2210 0036k4
0211 Qu0e5
0212 9209366
0213 0320367
0214 00070
0215 Que7L:
0216 0un72
0217 00073
07218 00074
2219 00075
0220 00076
9221 00077
go22 00100
0223 00101
0224 0UlD2
1225 00103
0226 00104
n227 0v105
QP28 Q0106
0229 QuL07
0230 064110
0231 27111
0232 0Ju112
0233 00113
0234 20114
3235 - 2u115
1236 Ju116
02X7 Qui1?
0238 071290
0239 S4u121
1240 QU122

01 «es AJRBORNE DATA ACQUISITION PROGRAM 22/6/73 ces

EXAMINE SWITCH PEGISTER,
HYEANDER RECORL IS WRITTEN =~ THIS
IF yIT 35 IS SET TAPE IS NOT REWOUND atiD NO HEADER IS RECORDED, -

IF ZERD.

TAPE 1S REWOUND TD .LOAD POINT AN
MORMAL STARTING PROCEDURE, - v

PROCEDURE |S USED FOR RESTARTING PROGRAM DURING A SURVEY

FLIGHT WITHOUT OVERWRITING PREVIOUSLY DECORDED DATA'

102501
006400
106621

052024R

0P26142R
002003
026064R
102000
0260538R
D16001X
330410
102033
000000
000000
016001X
040010
802020
026071R
103711
0A2025R
102611
182511
001727
270004
C12026R
032027R
042030CR
073756R
260001
201790
270031
012026R
po1727
J700418
260021
531700
012u26R
0500418
042031k
073757R

SWREG LIA 1

cLB
’\Tn
CPA
GNP
SZa.
JHMP

“HLT

- JHP

REWMT

JSB
oCT
HLT
NOP

1

‘l‘DOODU
AAl

RSS

wel

o -
SHIEG
107
0304.0
338

NOP

JSB
0CT.
SSa
JHMP
STC
Loa
0oTA
LIA
ALF,
STA
AND

- JOR

ADA
STA
LDA
ALF
STA
AND
ALF,
STA
LDA
ALF
AND
10R.
ADA

STA

.locl o
040010

anrd"
MPX,C
=H2000
MPX
MPX
ALF

1

=u17
=826400
=H3JS
FLNO

1

1

=d17

ALF

TT1

1

=417
TT1
=815433
FUNDe1

CLEAR SWITGH REGISTER

‘1S BIT {5 OF SWITCH REG.S T2

YES CONTINUE RECORDING

ILLEGAL S4ITCH REGISTER = SET
CORRECTLY. AND TOUCH RUN TO GO~

REW[MD MT . aND LOAD FORWARD TO

" BEGINNING OF TAPE HARKEP
REQUEST REJECTED .

‘GET'STAfUS 8 SRS

‘RFAUY?

NO - KEEP LOOPING
STROIBE DATA INTO MPX INPUTS

. SELECT CHANNEL “11
 READ FLIGHT NO. FROM THUMBHHEELS

' ISOLATE FIRST: DIGIT

MERGE IN LHARACTER T,

i

CUISOLATE THIRD DIG!T

1SOLATE SECOND UIGIT

STORE' IN LABEL



PAGE 0007 01 esa AIRBORNE DaATA ACQUISITION PROGRAM 22/6/73 tos

0243sas . ‘ : . ‘ .
0244% FLIGHT NUMBER IS PART OF 80 CHARACTER HEADER RECORD - CoDE. IS

0245s CCC 7600 BCD, THE FIRST 10 CHARACTERS AKE FLIGHT 123, THE REST
3246% JF THE RECORD 'IS UL ANK CHARACTERS, , L : "

0247 eas . . D R
0248 00123 016001X JSB , loc, WRITE HEADER RECORD oN MT

0249 00124 020110 OCT 20110 - . S e n o

0250 00125 102¢pC7 HLT 74 " REQUEST REJECTED '3v. ,l0C,

0251 00126 001753R DEF LaABEL = THIS SKOULD -nOT OCCUR

0252 00127 177660 DEC -80 , » _ T

0253 00130 016001X ‘Js8 .loc, GET.STATUS .

0254 00131 040010 0CT 040010 S L

0255 00132 Q02020 - . . SSaA READY? S ,

0256 00133 026130R JMP #-3 NO =~ KEEP -LOOPING L

n257 00134 001323 - RAR,RAR CPOSITION WRITE &NABLE BIT

0258 00135 000y10 . SLA ‘ TEST -~ U o

0259 00136 102011 HLT 11p ' WRITE ENABLE RING MISSING

026U 00137 Oui200 RAL -7 POSITION FLUX. CHECK BIT -

026- 00140 0dyoolc "SLaA TEST 5 S . ‘
0262 00141 026064k JUP REwNT WRITE ERROR '~ KEEP TRYIMG. .
N258 00142 063745R a4y LDA adsHl ESTARLISH INTERRUPT LINK
0264 0U143 070010 STA MCR = e : i
026% Du144 103719 STC MUR,C SET CONTRNL 'ON GPIO INTERFACE

0266 07145 026277R SULEVYYY THEN EMTEN MaAIN PROGRAH.LOORA‘~:




PAGE 0008

3770w
0271 PROCESSTR FOR TIMER [NTERRUPTS - TIMER SETS FLAG ON MCR INTERFACE
CAUSING INTWRUPT ROUTINE TO READ AND STORE DATA

0272 EVERY

0p73isas

0274 0N146
0275 QU147
1276 00150
0277 0uis1
9279 00152
0279 00153
J280 00154
3281 Gu1sSS
n282 00156
0283 QU157
9284 00160
0285 Jutlel
0236 JUt62
0287 001063
0288 JUiaé
0289 01165
0290 00166
0291 00147
n292 00170
1233 00171
0294 0N3172
N2%95 Qui?73
no96 01174
N297 00175
3298 QU176
a29§ Q0177
N33y  Jua2uo0
2301 949201
3202 - 002062
nr93 0203
ax34 Da204
aATdn du205
3JI6 D0B206
2237 Qu2a07
nyga 124210
306 1211
azin  0N212
J3i1 30213
Jx12 Nuz214
I31L3 00215
axid4 09216
0315 19247
9316 00220
0317 09221
Jg31H8 JuR22
0319 Qu223

01 ww& AJRBORNE DATA ACQUISITIOM PROGRAM 22/6/73 ass

g.2 Sv<

090020
0700458
0749468
0u1520
102201
002004
0700478
103711
362276R
£72275R
102510
001300
P700358
02029
026290R
0600718
0426233
N26224R
060073H
go29r2
026261R
092004
0700738
6600358
032¢p24R
2700358
£12470C
026212
2600718
nN20¢2
326725L1K
232400
a70p638B
702094
37Cc0628
tu2420
0700738

0700718

0600158
C7C0x6b
062032R
270030k
003470

n70p31E
N600358
n70p0648

IMTRR NOP

STA
ST8

ERA,

socC
1A
STA
sTC
LhaA
STA
LIA
RAR
STA
SSA
JMP
LDA

SZA,

JMP
LUA
SZA
JHP
INA
STA
LDA
10R
STA
CLA
JHP

STARBE LDA

BLOR

sZa
#JIiP

CLA
STA
INA
STA
CLA
STA

‘STA

LDA
STA
Lba
STA
CCa
STA
LDA
STA

SAVA
Savh
ALS

SAVEO
MPX,C
TIMEF
TIMEC
MCR

INPUT

STARB
BLOUT
RSS
READ
BUUT1

RETRN

BOUTL
InPUT
=4100000
INPUT

BLOK+2
BLOuUT

BLOK

TOTAL -
SFLAG

BGUT1
BLOUT
IHUFF
IHBUF
=il=5y
K1

K2
INPUT
SSTAT

INTERRUPT PROCESSOR
.=

..... -B SAVE REGISTERS

QUTPUT READ COMMAND TO INPUT.HPX
RESE™ INTERRUPT FAIL COUNTER \...

GETY SYSTEP CONTROL DATA

SAVE

18 THE 10 SECOND BIT ON?
YES

ARE PFADILDS To bF ACCEPTED?
YES

10.SEC SIGNAL HAS BEEM MISSED

1S THIS. 15T TIME? =

NO = WAIT FOR 10 SEC SIGNAL ,
YES -~ PR TEND THIS IS A 10+:SEC:
INTERRLU. f AND COUNTINUE ON BUT
O4LY ONCE. NO FUKTHER BLOCKS
UNTIL 19 SEC PULSE SEEN

, ‘ . N7
LAST 40 SEC '‘RLOCK COMFR{ETE

YES

NO - SET SHORT BLOCK FLAG

T

SET ADDRESS POINTER T0 START or'

THE IHTCPRUPT BUFFER
SET 10 SEC T]MING COUNTEP
SET 4 SEC TIMING COUNTER

GET SYSTE! STATUS AT START OF
10 SEC.BLOCK AMND SAVE




O
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0322 00224 9340318 READ ]S2 K2 IS IT A 1 SEC INTERRUPT?

0323 00225 026242R JMP TSEC v TR '

0324 00226 065033R LDB =H4 YES

0325 00227 062034R LDA =D=8

0326 00230 0700768 STA ALOQP

G327 00231 106611 NCHAN OTB MPX - SELECT MPX CHANNEL ‘ ‘
0328 00232 005200 RBL ROTATE BIT TO . NEXT CHANNEL I
0329 00233 102511 LIA MPX READ SELECTED CHANNEL e
0330 . 00234 1700168 " STA INBUF,;| STORE 'IN INPUT BUFFER -

0331 00235 0340168 1SZ INBUF BUMP BUFFER ADDRESS:

0332 00236 0340768 [SZ ALOOP R o

0333 00237 026231R JMP - NCHAN sAcx‘ron‘uexr CHAN

0334 00240 062035R LDA sb=3

0335 00241 0700314 STA K2 RESET 1 SEC COUNTER

0336 00242 006404 TSEC CLB,INB

0237 00243 106611 O0TB MPX setscr CHANNEL -1»

0338 00244 005200 :RBL -

0339 00245 102511 LIA MPX - 'READ HAGNETOMEYER CHAN 1

0340 00246 1700168 STA [NBUF,I STORE , .

0341 00247 0340168 “1SZ INBUF BUMP ADDRESS o

0342 00250 106611 0TB MPX SELECT CHANNEL 2 & ...
0343 00251 102511 L1a MPX READ MAG CHANNEL 2 o
0344 00252 1700168 STA [NBUF,] STORE : SR I

0345 00253 0340168 1SZ INBUF . BUMP ADDRESS’ ,‘ 1 s
0346 00254 0340638 , I1SZ TUTAL IMCREMENT DATA 'INPUT COUNTER *
0347 00255 0340304 ISZ k1 SﬂTH INTERRUPY. SINCE; 1ovsec2

0348 00256 026261R JMP._RETRN - NO = ‘TAKE READINGS - .

0349 00257 002404 , CLA,INA . - YES:. = SET FLAG .TO INDICATE 10

0350 00260 0700718 ‘ STA BLOWT. =~ SEC SIGNAL - EXPECTED NEXT TIME =
0351 00261 0600368 RETRN LDA OTPUT GPIO SYSTEM CONTROL :OUTPUT

0352 00262 122610 . DTA MCR e "

0353 00263 002400 cLA = P . Lohe
0354 00264 0700368 STA OTPUT : . . el
"0355 00265 0600478 . LDA SAVEQ o Co P
0356 00266 10310¢ . CLO L Pt
0357 00267 000036 - SLAJELA Cwe===F I SR
0358 00270 102101 TOSTF 1 R I RESTORE’REGISTERS-
0359 00271 C600458 LDA SAVA S LL LTS o,

0360 00272 Ch40468 LDB SAVB = ieeeecoaw- =8 -

0361 00273 103710 " STC MCR,C ‘RESET CONTROL ON' GP INYERFACE

0362 00274 126146R . JMP INTRR, ! RETURN TOVINTERRuﬁiED‘PROGRAM

s



PAGE nD10 01 «ss AIRBORNE DATA ACQUISITION PRHGRANM 22/6/73 ess

0365e TINMEF I3 A VARIABLE WHICH MUST 3k ADJUSTED <HEN CHANGES ARE MADE
0366« EFFECTIHG THE HASIC LOOP PRrQUbNCY OF CTHE. MalN PROGRAH. ‘

0367 00275 000020 TIMEC NOP

0368 00276 140000 TIMEF OCT 160600

RITEXE] o ;
9370« TRE FOLLOWING SECTION OF THE PHOGRAM.CHECKS I1F ' DATA IS
0371« WalTING IN THE INPUT BUFFER. IF SO THE DATA IS TRANSFERRED
0372« TO A CYCLIC HOLNING BUFFEKR AND ALSO OUTPUT TO D/A FQOR :CHART

0373« RECORDER

[AYLEX X
0375 Q0277 036275K AAA ISZ TIMEC. IMTERRUPT FAIL couwTER RUN: DONN?,
0376 00300 026315 JUP INTOK NOQ i
0377 00301 103120 CLF .0, YES - TIMiR INTERRUPT OVERDUE
0378 00302 016091X JSe ,loc, TURN OFF INTERRUPT SYSTEH AND
g379 00303 040070 0CT 0 CLEAR 10¢ ‘
0380 00304 202404 ‘ CLA, liA v

0381 00305 070101y STA GAPMT RESET MT. puUTPUT ROUTlNE

0382 20306 C63166R LDA WR]TA TO RE-WRITE ANY PARTLY

0383 00307 073164R STA MTFN & COMPLETED RECORD :

0384 00310 060036 ~LDA QTPUT T

0385 00311 032036R 10R =U2 BUMP ERROR COUNTER - ;
0386 00312 °7003AY STA OTPUT o o e
0387 00323 1v2170 STF.0 TURN" ON  I:1TERRUPT SYSTEM

0388 00314 103710 STC MCR,C Avu SET CANTROL ON. MCR. =
0389 00315 0600620 INTUK LA SFLAG O i

0390 00316 0920927 SZA . S jsHORT BLOGK?:

0391 00317 026723R JHP SHORT - ‘vE%,— PROCESS SHORT BLNCK
0392 00320 C&60063B LDA TUTAL NEW NATA <AITING. IN INPUT RUFFER"
0393 00321 002973 SZA,RSS S b

0394 00322 027120RKR JHMP MTO ©'NO_ < ‘CONTINUE -AROUND LOOP
0395 00323 042C037R ADA slel YES o ;
0396 00324 0700634 . STA TOTAL ADJUST DATA: INPUT COUMTER .
0397 90325 0600618 LDA BEGIN o -
0398 00326 032093 SZAWRSS START OF 10 s&c BLOCK?

0399 00327 0726425K LJMPUBLKL. . UND

0400 00330 16002068 : LDA QAaDD, I YES ~ GET ADDRESS OF "NEXT
0401 00331 0200248 STA @ "o CYRLIC ayFFER ‘

0402 00332 072675R STA DUPAD SAVE DOPPLER STURAGE 'ADDRESS
0403 00333 042033KH ADA =p4 . SKIP NOVEP DOPPLER STORAGE
0404 00334 070024H STA @1, " R

0405 00335 0700758 STA Q2 R

0406 00336 003470 CCa - § R :

0407 06337 0700334 STA K4 . SET 1 SEC COUNTER = &% ¥
0408 00340 062040R LDA =y=-2 . B v
0409 00341 0700566 STA RESET SCINTO RESET COUNTER

0410 00342 062032k LUA =pe50 ‘ : ‘ “

0411 00343 0700324 STA KS$ SET 10 SEC COUNTER

0¢12 00344 GQ2470 ClLa ‘ T

0413 00345 0700618 5TA BEGIN SET NLOCK 1IN PROGRESS FLAG
0414 00346 04500159 LDA [HUFF , "

0e&15 00347 0700178 STA . luBF2 IMPUT -BUFFER ADDRESS

0416 20350 ©60064H LDA SSTAT
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0419 00351 030010 SLA ) .15 A LINE '‘BEING FLOWN?

0420 00352 (26437K JMP- SLINE YES..

0421 00353 060GU538 . LDA LINE NO' HAS LrNh JUSTY EHDED?

0422 00354 002072 S5ZA g ‘ _

11423 00355 026367K . JMP ENDL] YES ‘ ;
0424 p3%6 192551 , Lia 1 - GET SWITCH. REGISTER CONTENTS
3425 003%/ 052037R CPA =Uw=} ALL RITS™ SET? ‘ :
0426 00350 002091 RSS

0427 00361 026425R - JMP BLK1 ‘No )

79428 00362 1400228 LDA R,! 'YES < END THE FLIGHT

0429 00363 002002 S2A Co WALT FOR MT OUTPUT To END
0430 00364 026425R JMP BLK1 THEN

0431 06365 102691 0TA 1 CLEAR SWITCH REGISTER

0432 00366 027373R JIP EnNDIY TERMINATE

0433 00367 £02404 ENDLI ClLA,SINA

0434 00370 0700548 STA LEC "SET LINE END CALIBRATE FLAG
0435 00371 003400 nca ‘ SET BUFFER STATUS TO =1:"".
0436 00372 1700208 - STA Pyl ,.TO. WRITE EOF AT END.OF LINE
0437 00373 0340204 1sz v MOVE POINTERS TO NEXT BUFFER
0438 00374 1600208 LDA P,I - R o

0439 00375 07200268 STA QADD

0440 00376 002004 INA

J441 00377 0700208 STA P

0442 00400 C340218B 1SZ2 Py .

0443 00401 160021H WDA P1,1 .

0e44 00402 Cu2004 THA
1445 00403 0700218 STA P1 v
D446 00404 002470 CLA ; ‘ L : ‘ _

0447 00405 0700536 STA LINE REMOVE: LI1JE ON FLAG

0448 00406 026425K JMP BLK3 el C

0449 00407 1600218 SLIME LDA P1,[ - L ‘ L 5

2450 00410 C020C3 - S3ZA,RSS NEXT.CYCLIC .BUFFER FREE?

0451 00411 726413R Unp wse2 v S . o
3452 00412 002404 LCLA,INA . NO, SET ABORT FLAG -~

3453 00413 0700408 :STA AHORT : ‘ ‘, R e
0454 00414 060053H [LDA_LINE ‘ ’ '
0455 00415 0020732 [-SZA : HAS LXNE Jusr STARTED? ,
0456 00416 C26425R i JHP BLKL NO

0457 00417 002404 CCLA,IMA , o ’a ; \;

0458 900420 070053 . STA LINE ' ST e :

0459» ] -

0460# KEUNEDY IS PRONE TO ERRORS ON F[RST WRITE AFTER A LONG PAUSE =
0461+ TRIS PROBLEN IS OVERCOME BY WRITING A GAP DEFORE STARTING LINE
0462 : ; o

7463 00421:'0701018 || 'STA GAPMT  ~SET MT:GAP FLAG & :
D464 00422 0600368 [ LDA OTPUT MAGNETOMETER CALIPRATE AT START
0465 00423 032033k - |OR =84 ‘ OF LINE™ L o
0464 00424 0700368  STA OTPUT

9467 00425 0340338 BLK1 1SZ K4 ONE SECONR READING?

0468 00426 026450R .. JMP ,2MAG ‘NO ‘

0469 00427 062041R LDA ZUeb

0470 00430 N700348 STA K5
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0473 00431
0474 00432
0475 00433
0476 00434
0477 00435
3478 00436
J479 Q9n437
248g 00440
0481 0p441
0482 00442
1483 90443
0484 00444
J485 0n445
1486 00446
0487 D0Dp44?
0488 00450
J489 0nds1
J490 0p4v2
0491 0Nn453
3492 00454
0493 00155
J494 00456
JA495 02p4y7
049¢ 04460
1497 Qo<dsl

01 e#s A]IRBURMNE

1600178 QNEL 0 LDa

1700248
234017y
034p248
0340348
026431R
1400171
3340178
700778
1400178
DS540178
0701208
Na2035R
2700338
£7c0458
1600174
£23070

170024s
0340178
0340241
1600178
203000

1700248
0340178
~34p24n

) AMAG

STA
1sz
52
1§82z
JHP
LDA
152
STA
LDA
182
STA
LDA
STA
STA

LDA

ChaA

STaA

15z
Isz
Lha
CHa
STA
ISz
Isz

DATA ACQUISITION PROGRANM 22/6/73 wes

luBFa,!

01, !
INBF2
Q1
K5
ONE, 0

[nBfra, 1

INBF2
LSYN
[NBF2, !
INBF2
XSYN
zle5
Ka . -

‘ONES

INBF2,1

01,1
INBF2
Q1
INBF2,1

Q1,1
InBF2
Q1

TAKE READING FROM INPUT BUFFER
AND STORE IN cYCLIC, BUFFER
BUHP ADDRESSES .

STORE DOPPLER SYNCHRO PEADINCS

CALONG TRACK

CROSS TRACK

SET ows‘s#cdwu‘couwTER

TRANSFER AGNETOMETER READINFS .

COMPLCHE“T DANA LOG!C

S
ot
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0001ses -

0602+«
0003

0004e BI'JARY AND OUTPUT-TO D/A CONVERTER,: CHART RFCORDERS ARF ADJUSTED
0005 To 4,89 VoLTS FOR FULL SPAN, CALIBRATE FACI[ITY IS PROVIDED !
0006e WHEREBY ZERQ AND FULL SCALE IS QUTPUT To AlL RECORDERS TO.ALLOW -
0807# ACJUSTMENTS 10 HE MADE WHEN BIT_ 1 OF SWITCH REGISTER 1S/ SET, AT
0008+ END OF LINE ZERU IS QUTPYT FOR 5 SEC FULL ScALE FOR'5 SEC,
anq..’ i ! i . B H )

0010 00462 0600538 . LDA LINE LINE IN ‘PROGRESS?

0011 00463 002902 ‘ 52A , SO

0012 00464 026556R JUP LINL YES

0813 00465 0600548 LUA LEC . LoE

0014 00466 002003 SZA,RSS - LINE END CALIBRATE?

3815 9Jné67 026477R JHP CBCH . : : o S
J8616 00470 002450 - . CLA ' YES ‘ ' ; P .
Je1? 00471 0700548 STA LtC h o LT
9018 00472 9700508 STA CAL1 o

3019 0n473 0700528 - STA CaL3 ‘

0820 00474 002454 CINA TR ‘ e

J021 00475 07C066H 5TA CcALS " SET.CALIRPATE FLAG

0022 00476 026514K " JMP. CHCHO Uy '

0823 00477 060066H CUCH LDA CALS CALIRRATE IN PROGRESS?

2824 00500 092992 SZA S S Tl

3025 00501 926514R JMP. CHCHO YES B

0626 00502 040032W LDA ks - a R e

2027 00503 952032k CPA =p=5( START .OF .0 SEC BLOCK?'

ne28 005v4 0320271 RSS ‘ ‘ : R :

0029 . 00505 026556K JHP LINL NGO o el

0030 00506 102501 LI1a 1 .. .. GET SWITCH, REGISTER.

0031 20507 952036R CPA =zD2 " © 1S CALIBRATE BIT SET?

3832 00510 002031 " RSS , ‘

0633 00511 026556K JMP LN NO

0834 00512 002434 CLA, INA » L L

0035 00513 070ub6H : STA CALS ‘SET CALIBRATE FLAG

0036 30514 0600528 CHCHO LDA CALJ

0037 00515 0£J2922 SZA ¢ P ,

0038 00516 0N26535K JUP. CUCHS DO FULL SCALE PART NOW

n639 90517 N6CO50Y LUA CcaLl START-OF .nalIBRATE CYCLE?

2040 003520 Cuz2002 SZA : ' _

3041 00521 02652CR JMP «+5 NO

3042 00522 0N24-4 S CLA, INA

3943 00523 0700508 STA CAL3Z

0844 DNS524 0H2U4PK C Lha =pe25 :

7045 20525 C70054B STA CAL2 SET 5 SECAND COUNTER

0046 00526 234051m 1SZ cAL2 5 SEC UP?.

8047 00527 £26533R JMP CHCH1 ;
0048 00530 002424 CLA, I4A YES ~ START FULL SCALE CAL
3045 30531 0700528 STA CAL3

2050 30532 026535 JHP #+3

0051 00533 006400 Cicitl ClLb OUTPUT ZERO ON ALL CHANNELS
0652 005354 026553K JIIP CALCH

FOLLOWING SECTION CONTROLS DATA OUTPUT TO CHART RECORDERS, THE 3
LEAST SIGNIFICANT DIGITS UF EACH DATA CHANNEL ARE GONVERTED TO



02 +»+ AJRBORNE DATA ACQUISITION PROGRAM 22/6/73 ses

PAGE 0014
0855 00535 0600328 CHCn5 'LDA K3 ;
0056 00536 052032R CPA =Ue50
0057 00537 002001 RSS .
0058 00540 G26551R JHMP CHCHY
0659 . 00541 006400 cLs
0060 00542 0740504 STB CAL1
08661 00543 0740528 STB CAL3
0062 00544 102501 LIA 1
0063 00545 052036K CPA. =2
0064 (00546 026514R JMP CuCHYQ
0065 00547 0740668 ST8 CALS
0066 00550 026556R JUP LINY
0067 00551 C66043R ~UCcHY LDB =2U1000
0068 00552 026553R JHP CALCH
0069 00553 062037R CALCH LDA =zusq -
0870 00554 016764R JSB ,UT&
7071 00555 026665R JHP BLKE1
0072mss
0073+ GEOPHYSICAL DATA OUTPUT
0074¢0ns e
08075 00556 0600658 LINL1 - LIA ONES
0076 00557.002003 SZA,RSS
9077 00560 026643R JHP MCHAR
0878 00561 062756R LDA LRD
0879 00562 072757R STA LRAD.
0680 00563 0340568 152 RESET
3081 00564 026572R JHP NOSET
0082 00565 002470 CLA ‘
00683 00566 072760R STA LA
0084 00567 072761R . STA LK+t
0085 0nS70 0727682k STA LR*2
0086 00571 072763R STA UR+3
0087 00572 1600258 NOSET LDA-Q2,!
0888 0nS73 06340258 ‘xszyoz
0889 00574 017011R .~ JSB/BLDY
2090 00575 017042R - JSB Fss500
0894 00576 07004 CMB, INB-
0092 90577 046043R ADB =pi1000
0093 00600 0562023R LDA =p3
0894 00501 016764R JSB ,UTA
0095 00602 0340258 ISZ‘Qa
0096 00603 1600258 LDA Q2,1
0097 0n604 0340258 1s2 @2

' 0098 00605 017011R JSB BCDB
0099 0N606 016745R JSB- DESCL
0100 00607 046044R ADB =D1Qp
0101 00510 046045R ADB sDe«10000
9402 00611 006020 ss8 .
0103 00612 046046R ADB =z110000
0104 00613 062033R LDA =p4
0405 00614 016764R JSB ,UTA

" START OF ‘50 SEC BLOCK?,

NO

NO - CONTINUE CALIBRATE
YES = RESET, CALIBRATE ZERQ
IS CALIBRATE.BIT STILL ON? -

YES =~ CONTINUE " :
NO - CLEAR CALIBRATE FLAG

OUTPUT FULL SCALE ON ALL PENS

To CHART RECARNERS enre

ONE SECOND INTERVAL?

SFALFRS RESET IMMEDIATELY AFTEP
S 10 SEC .30 CLEAR LAST READINGS:

y TR
PICK U Rs READ ING

BUMP ADDRESS ;
COYIVERT .Ta HINARY

©5060 METRES: FULL SCALE: AND:

NVERT ALTITUDE PROFILE"

[

OUTPUT TO CHART THROUPH D/A
SKIp OVER FIDUCIAL NUMBER '

" SPECTROMETER CHANNEL 1

BUMP ADDRESS |
CONMVERT .Tn BINARY

TAKE DIFFFRENCE IR S
ADD 100 COUNTS TO SHIF7 BASEL INE

TEST IF NaWw EXCEEDS 1000

TOTAL COUNT 1000 FSD
ON D/A CHANNEL 5




PAGE 0015
0308 00615
0109 Q0616
0110 00617
NL11 00520
3112 00621
0113 00622
0114 00623
0115 00524
0116 00625
0217 00626
0118 00627
0118 00630
0120 00631
0121 00432
0122 00633
0123 00634
0124 00535
0125 00636
9126 90637
0127 20440
0128 00641
0129 00642
0130 00643
0131 0n644
0432 00445
0133 90446
0134 00647
0435 00450
0236 00651
0237, 0n4&52
0438 00653
0139 00654
0140 00655
0141 00696
0442 00657
0943 0660
0144 00661
0145 00662
0146 00663
0147 10664

02. ##a AJRBORNE

1600254
0340258
017011R
016745R
0170501
062047H
016764R
1600258
03540258
017011Rr
016745k
C46050R
017057k
C42051R
C16764R
1600758
0340258
017011R
016745R
n17057R
J62052R
C16764R
1609258
Q700578
0340258
1600258
0700608
3340253
Cl17011R
077072R
062036R
0316764R
Co7072R
C17042K
C02404

016764R
J67L72R
017 950R
002430

C16764R

MCHAR

DA
ISz
JSB
JSB
JSB

“LDA

JSB
LDA.
Isz
JSB
JSB
ADB
JS8
LDA
JSB
L[)A‘
Is.
JSB
JSB
JsB
LDA
JS8
LDA
STA
1Sz
LDA
STA
I1s2

JSB

sT8
LDA
JS8
Lns

- JSB

CLA,

- JS8

LbB
Jse
CLA
JSB

DAYA ACQUISITION PRDGRAM 22/6/73 eas

Q2,1
Q2
8CDH
DESCL

F$250 -

sUS
OTA
Q2,1
Q2
5004
DeSCL

=010
F5100

=yé
WUTa
Qe2,!
Q2
BCDB

DESCL

Fs100
s|47
JUTA
Q2,1
TPO
Q2 -

Q2,1

TPCel
Q2

BUDY
Wb ST,
=12

. UT' 1‘

FSTY
Fs500
I A

S UTA

JFST,
Fs250

i

s UTA

GET MOST SIGNIFICANT HAG D'GIT

SPECTROMETER CHANNEL 2
CONVERT To BINARY‘
K COUNT 250 rsn |
oN :
D/A CHANNEL 6
SPECTROMETER CHANNEL' 3
CONVFRT To BINARV o

ADD 10 COuNTS 10" sulrr BASELINE
Y COUNT :1n0-FSD ™

ON D/A CHANNEL 7

SPECTROHETER CHANNEL 4

CQNVERT Tn.BlNARvs

TH COUNT 300 FSD -
ON.D/A CHANNEL 8

< AND. SAVE
BUMP ADDRESS
GET 4 LEAST SIGNIFICANT HAG
NIGITS AnD SAVE

. BUHMP ADDRESS
| COMVERT -

1000 GAMMAS ON ‘G/A CHANNEL 3

Ab

500 GAMMAS ON D/A CHANNEL 2

250 GAMMAS ON D/A CHANNEL 1




-

FAGE 0016 02 #ee AINBORNE DATA ACQUISITION PROGRAM 22/6/73 ses

04'50 00665 0600658 BLKE1L LDA OWNES “1STIT A ONE SEC 'INTERVAL?

0251 00666 002003 SZA»RSS T . :

0152 F 90667 026700R - JHP NUDQP NO

0453 00570 002420 CLA

0154 00671 3700658 STA OMES . . s

(1155 00672 0600778 LDA LSYnN o

(1156 00673 0641008 LDB XSYN PICK UP DOPPLER READINGS AND S
157 00674 016053X JSB LUPQO . GO T0 DOPPLER ROUTINE e

gA58 00475 000U00C DOPAD NOP . . tADDRESS OF DOPPLER"IN BUFFER o
0159 00676 066052R LDB DISPA = ! o
3162 00677 017073R ~ JSB REG4AQ . QUTPUT 70 40 BIT REGISYTER R
0$61 00700 0340328 NODUP [SZ K3 END OF 10 -SEC BLOCK? 7

0162 00701 027120R JMP NMTO NO Y ' R

G163 aan ‘

D164 END OF 10 SEC PERIOL, IF PLYING LINE RELEASF FULL CYCLIC BUFFER
0i65« FO2 MAGHETIC TAPE OUTPUT AND nOVE [HIPUY POINTERS . To NEXT. BUFFER o

D166was

0467 00702 0600538 LDA LINE FLYING LINE?.

0168 00703 202033 SZA,RSS S

0169 00704 026720R’ JIiP BLKES NO

0170 00705 002434 HLKE2 CLA,INA YES = FLAG BUFFER |FOR OUTPUT

0171 00706 1700208 STA P,1 :

0472 00707 C340208 1SZ P

0¢73. 00710 1600208 LBDA P,1 MOVE quUT POINTFRS To NEXT

0174 00711 070026k STA CADD . rerxc BUFFEH

0475 00712 702004 INa

3176 00713 07002CH STA P I : ‘ :
0477 05714 (340718 ' 1582 Pl L . : TR
0178 20715 1~0021B: LDA P1,I : ; : PR
0179 090716 002004 IHA

03180 00717 070021k STA P1 . .- ‘ : oL

0181 00720 002404 BLKED CLA,INA SET START NEw BLOCK FLAG'

0182 920721 0700618 5Ta BEGIN. = ) B :

0183 00722 027120k . JMP MTO /60 TO MT aUTPUT CONTROL SECTION

p -~



PAGE 0317 02 ees AIRBORNE DATA ACQUISITION PROGRAM 22/6/73 ese

0s860aw
0187« SKIRT ELOCK PROCESSOR, IF LESS THAN FIFTY 0. 2 SEC INTERRUPTS
018Rs HBETHEE' 10 SEC PULSES UNUSED PARTY OF CYCLIC BUFFER Is FILLED HITH
0189« ZEROS AID RELEASEY FOR CUTFUT

L 0190#es
0891 00723 002400  SHORT CLA \ ’ ,
J192 J0724 02700628 STA SFLAG CLEAR - -
0193 020725, 0600538 . LDa LINE a
0194 20726 £J2004 SZA,RSS :
0195 00727 226720K JHP BLKES IGNORE IF LINE OFF
0194 00730 160021B LbA P1,1 -
0197 20731 Ca2072 SZA S L
0198 00732 226720K JHP BLKES IGMORE IF. BUFFERS FULL
0199 007353 050025 Lha @ ‘
200 0N734 233004 CHA, [NA e : Lo
0201 00735 ranyléy AbA Q1 CALCULATE 'NUMBER. OF. UNUSED-
1202 00736 C42053K ADA =uU-164 WORNS_ IN RECORD
0203 3n737 CJ64°0 CLB ~ j S »
0204 00740 1740248 sFILL STR Q1,1 FILL UNUSED. PART WITH ZEROS
0205 0N741 C34y24k IsZ o1 . ' CL
1206 0742 034000 - 1sz ¢
0207 70743 72674GK JMP BFILL

0208 00744 226705k JHP BLKE2



0256

iy

it

SITION PROGRAM 22/6/73 ses

RATES BY TAKING SUCCESSIVE

“ON ENTRY p CONTAINS. THE QUTPUT

IF A 1S NEGATIVE QUTPUT IS

OUTPUT ON:ALL. CHANNELS?
YES ‘

POSITION CHANNEL NO:
“MERGE 1IN DATA.

'l

N

OUTPUT ON CHANS .0°TO 7

NEXT. CHANIEL

PAGE 0018 02 ess AYRBURNE DATA ACQU!
021t «nse
0212easenanes VARIOUQ SUHROUTINES oo.ocoo.oonooo
0213ees :
0214ens
021S#es DESCL CALCULATES 1 SECOND COUNT
D216#ee ,IFFERENCES OF SCALER READINGS
0217 #ase .
0218 00745 C0OQ000 DESCL NOP
0219 00746 074000 STB 0
0220 00747 146757R ADB LKRAD,. I
0221 00750 003004 - CMA, INA ©
0222 00751 172757R STA LRAD.]
0223 90752 936757K 1SZ LRAD
0224 (0753 006020 sse
0225 00754 045043R ADB =D100D.
0226 00755 126745R JHP. DESCL, I
9227 00756 ©O0760R LRD - DEF (R .
0228 00757 0520000 LRALD BSS 31
0229 00760 000000 LR BSS 4
02308se : : :
0231e#es ,UTA JORKS THE D/p MULTIPLEXER,
0232eea DATA AND A CONTAINS THE cHauNEL,
0233=ss PRODUCED ON C“A“NPLJ 1 -8
0234men
0235 00764 000000 .DTA NOP v
0236 00765 002020 SSA .
0237 . 00706 026775R CJdMP 103
0238 0n767 001727 ALF ALF
0239 0n770 00170G° . ALF
0240 00771 230001 I0R % . ;
0241 00772 102612 o OTA-DASG .
0242 00773 193712 S STC DasSC,C-
0243 00774 126764R JMP ,DTA.I‘
0245 00775 CA2034R. 103 LDA z==8
0246 00776 073010k STA CLl
0247 Q0777 106612 LP8 . CTB DASGC .
0248 01000 103712 - _STC DASC,C
0249 01201 co05700 " CHLF
0250 01002 006004 Ing .
0251 01903 005727 BLF,BLF -
0252 01004.0 00520G:- - BLF N
- 0253 01305 037010K. }sz.ccr.
3254 01306 026777R JMP LPB :
0255 041307 126764R < JMP L, DTA, T
01910 000020 . CC1  NOP ... -



PAGE 0019 02 ses LIRBORNE DATA ACQUISITION PROGRAM 22/6/73 ass

025G ess

026uees BCDH CONVERTS 4 THREE DIGIT 8CD QUANTITY ro BINARY
0261ese ‘

0262 01011 000000 HLCDH NOP. ‘ R

9263 01012 001727 ALF, ALF . POSITION FIRST CHAR

0264 01713 073040R STA Txx B : _

0285 019014 S12026R AND =417 E o R S T
0266 01315 C64030 . LbB 0 Soe L T R
0267 01916 017032R JSB O MUL o e T e Ty ae
0268 01017 063040UK LDA TXX °° o L e
0269 01920 001700 © ALF POSITION SECOND CHAR .
0270 01321 C73040R STA TxX , cn R

0271 01022 012026R " AND =817 ‘ R

0272 01923 044000 ADB 0 ‘ P

0273 01024 217032R JSB Mul R

0274 01025 063040R LA TXX oo R R
0275 01926 001790 ALF PUSITION THIRD CHAR °°
3276 01027 012026k .- AND 'zB17 , ‘ o ' -
0277 01330 044000 . . ADB ¢ } : R
0278 01331 127011R JMP BCDR, | RETURN WITH BINARY IN'B
0279 01332 000000, MUL NOP o S T
0280 01033 905070, BLS S i .
0281 01034°377041R" STB TXY: - = o, L
0282 01035 005020 BLS,BLS ; e R L
0283 901036.047041R S AbB TXY

0284 01937 127032RrR" JMP MULyl ¢

0285 019340 0000030 - TXX BSS 1
0286 1041 000030 TXY . BSS 1



PAQGE 0020

‘2e89sae ‘
029Cees THE FOLLOWING GROUP OF SUBROUTINES PROVIDE 5¢0, 250 AND 100 UNITS'

0291eas
02920ne
0293 01942
0294 01343
0295 01044
0296 01045
0297 01046
0298 04047
0300 01050
0301 01051
0302 01052
0303 01053
0304 01054
0805 01055
0306 01056
0308 01057
0309 010690
0310 91061
0311 01062
0312 01063
0313 01064
0314 01065
0315 01066
0316 01367
0317 01570
0318 01071

0319

01072

02 eas AIRBORNE DATA ACOUISITION‘PROGRAH 22/8/73 ses .

000000
046054K
ca6p20
046055R
0050600
127042R

000000
046056R
036021
027051R
046057R
005020
127050R

000000
046060R
006021

027060R

FS500

FS250

FS100

046044R .

0050C0
077071R
05020
047071R
127057R
000000
cooo030

1FSTM.
1FST,

FULL SCALE OUTPUT ON THE CHART RECORDERS.

NOP = 500 UNITS FULL SCALE
ADB =U-500 g o R
SS8

ADB =DS00

'BLS

JMP F5500, | s e e R

NOoP o 250 UNITS FULL SCALE
ADB =p=250

SSB,RSS

JMP =2

ADB =D250

BLS,BLS

HP FS250,1 -

NoP ;100 UNITS FULL 'SCALE
ADB -u-zuo B L
SSB,RSS )

JHP #e2 .0 o
ADS 20100 -

BLS N

STB ,FSTM
BL.S,BLS" R Y : I
ADB ,FSTH - Lo S el
JMP FS$100, 1 SRR

NOP

NOP




PAGE. 0021
0322 01073
0323 01074
0324 01075
0325 01076
0326 01077
0327 01100
0328 01101
0329 01102
0330 01103
0331 01104
0332 01105
0333 01106
0334 01107
0335 01110
0336 01111
0337 01112
0338 01113
0339 01114
0340 01115
0341 01116
0842 01117

J2 wees AIRBORNE

000000 REG420,

106716
002400

102616

160001

102616

006004

160001

102616

006004

160003

102616

006004

160001

102616

006004

160001

102616

133716
12707 8R
000000 REGCHW

NOP

‘CLC
chka

0TA

L.DA

0TA
INB
LDA
OTA
]
LDA
0TA
InE
LDA
0TA
INB
LDA
OTA
STC
JMP

ocT

DATAJKCQUISITION PRDGRAH 22/6/73 wcs

REGSC
REGSC
REGSC

1]
REGSC

1,1

REGSC
1,1

REGSC

1.1

REGSC
REGSC,C
REGAQ), |

OUTPUT 4Tw: GRQUP

COUTPUT FluAL 8 BITS .-
_GIVE ENCODE COMMAND

40 BIT OUTPUT REGISTER DRIVER
PRESET INTERFACE LoGIC -

OUTPUT. CONTROL WORD
OUTPUT 1St 8 Bsz_‘

OUTPUT 2Np 8BTS

OUTPUT 3RD GROUP




01165

L

PAGE 0022 03 o=se AIRBORNE DATA ACQUISITION PROGRAM 22/6/73 aea
0801ess
0802s MAGMETIC TAPE OUTPUT LONTHOL ROUTINFOQQQI!..Q..
000 3nne
0804 01120 1600228 MTO LDA R, I FULL' CYCL?C BUFFER NAITING IN'
0005 021121 002023 SZA,RSS QUTPUT OUEUE?
0806 01122 026277R CJMP AAA NO
0007 01123 216001X JSB ,loCc,’ GET MY RECORDER STATUS
0008 01124 040010 OCT 040010 T
0008 01125 002021 SSA,RSS MT eusv7 J
0810 01125 .C27157R JUP MTO2 NO: .
30811 01127 0601038 LDA MTFLG YES }
0012 01130 002002 SZA o T JUST STARYING NEN OPERATION?
0013 01131 027142R JMP MTOL - . NO
0014 01132 002004 Ina ' 'YES ~.SET FLAG AND' COUNTER TO"
0619 01133 0701934 STA MTFLG ALLOW ‘APPROX 3 SECOMDS FOR
0e1é6 901134 0600323 LDA K3 OPERATION TQ BE. COMPLETED
0017 01135 042061R ADA“ =118 : R
0818 01136 002021 . SSA,RSS ,
0019 01137 042032R ADA =Uw50 o
0020 01140 0701028 STA MTIME
0821 01141 026277R JMP AAA -
0822 01142 0601928 MTQO1 LDA MT [ME HAS THE 3 SECOND TIHE LIMIT
0023 01143 2500328 CFA K ExPIRED? : y
0024 01144 032001 RSS A :
0925 . 01145 026277R JMP AAA NO -~ &0 BACK T0 START 0F LOOP
0826 01146 016001X JSB ,locC, "YES - CLE4R.TAPE . RECORDER AND
0827 01147 Cd0010¢ OCT 00001p - 'RESTART THE OPERATION : i
0028 01150 002400 CLA G s
0029 01151 0701938 STA MIFLG
0830 31152 0700748 STA MTFN2 - P
0831 01153 C020904 INAT ‘
0832 01154 C70101d STA GAPHT
J033 91155 027167R JHP WRITAs1:
0034 01156 C27161K . NP we3 .
0835 01157 2700678 MTQ2 STA MTISTF SAVE MT STATUS
0036 01160 0740708 ) STB XLOG ANW TRA:SMISSION LOG
1837 01161 0024007 CLA -~ ,
0038 01162 0701238 STA MTFLG:
0639 01163 127164R JHP. e+1,] JUMP TO. APPROPRIATE,HT ROUTINE
3640 01164 000020 MTFN  NOP .. . ADDRESS STORED HERE™
0041 177775 .ATNUM DEC =3

NUHMBER OF wWRITE - ATTFHPTS‘ALLOHED

N



026277R

PAGE 0023 03 wes AIRBURNE DATA ACQUISITIOM PROGRAM 22/6/73 ass
004dnean
0045« INITIATE WRITE OP&RATION AND SET JUHP ADDRESS AL CHECK ROUTINE
LI EYXXX] i ST
0847 01166 DO1167R HRITA DEF .«1
0848 01167 1600228 LbA R,1 o : IR
p®49 01170 002020 SSA ‘ " DATA:RECORD OR E-0-F?
0850 01171 Q27242R JHMP ENDF “WRITE END~OF~FILE ‘
0851 01172 0601C1H LDA GAPHT FIRST RECnRD 0F~LINE? ‘
0852 01173 002003 SZA,RSS ‘ -
0653 01174 027200K JHP #e4 NO
0054 01175 002400 cLAa - CLEAR NRITE SELECT BIT ON MY
0655 04176 0701048 STA GAPHMT SINTYERFACE, WILL CAUSE ‘A GaP-
0056 91177 102614 OTA MTRSC AUTQUATICALLY ON NEXT WRITE
0057 01200 0A3165R LDA ATNUM B o R B
0858 01201 0700378 STA ATTNO ALLOV THREE WRITE. ATTEMPTS
0859 01202 1600278 LDAa SaDN, | 'GET ADDRESS OF CYCLIC BUFFER
0860 01203 067235R LDB BUFFQ ADDRESS OF OUTPUY BUFFER .~
0861 01204 G17423R JSB . BUFF] COMVERT T2 BINARY, ‘ADD, CHECKSUM
0662 01205 063274R LDA READC GET RFEADRACK CONTROL HORD :
0063 01206 002020 SSA NEGATIVE?
0064 01207 027231K JHP ‘RETRY YES: - MO READBACK POSSIBLE
0865 01210 022003 SZA,RSS ZERO?-
0066 01211 027222R JHUP WRIT2 *YES -~ NO AUTO CHECK READ
0067 01212 0340728 1SZ RCNTR: [ 1S°IT THE. NTH RECORD?
0068 01213 027222R - JHMP WRITZ ‘NO
0069 01214 063274R LDA READC YES?
0670 01215 003024 CMA, IMNA RESET RECnRD COUNTER?
0e71 01216 0700728 STA RUNTR gy ’
2872 01217 002404 ‘WRIT1 CLA,lNA sET CHECK RFAD FLAG :
0073 01220 .0700744 STA MTEN2
0074 01221 027231R © - JHP . RETRY. . = L
0875 017222 102501 WRIT2 LIA 1 o HAVE A LOOK AT SHITCH REGISTFR
0876 01223 052062R CPA =zU1 IF, BIT 0 SET READ BACK AND™
0077 01224 002001 RSS “CHECK THIS RECORD SR
Q878 01225 027231R JMP RETRY ; I
0879 01226 902470 CLA . ; L
0880 01227 102631 OTA 1 ‘ :
0081 01230 £27217R - JMP WRIT1
0082 01231 036136C RETRY [SZ BUFZe3 ~1uSERT ATT&HPT NUWBER
0883 01232 016071X JSB ,loc,, INITIATE  #RITE .
~GyB4 091233 020110 “gCT 0&0110 e :
0085 01234 102033 hL.T 33B REOUEST RFJECTED?
0086 01235 002133C BUFFO DEF BUFZ- - Sl U
0087 01236 177064 DEC =460 SERBE - -
0088 01237 C063252R LUA . MTCHK: “SET JUMP ADDRESS 'TO NEXT
0889 01240 073164R STA MTFH S MT PROr&SSOR ROUTINE
0090 01241 026277R JHMP AAA
0891 01242 016031X ENECF JSH ,l0C, WRITE" ENDFOF FILE
0892~ 01243 030110 OCT 050110 o
0893 01244 102033 HLT 358 REQUFST REJECTED BY ,l10C,2
0094 01245 000070 NOP i /
0095 01246 00070 NOP i '
0096 $1247 063252H LDA MTCHK ¢
0897 91250 073164R STA MTFu :
3098 01251 JHP AAA




PAGE 0024 03 e»s AIRBORNE DATA ACQUISITION PROGRAM 22/6/73 ses

0801 0aw )
0%202% CKECK WRITE ON COHPLETION OF OPERATION THEN I READ!NG BACK

0203» REQUIRED INITIATE BACKSPACE

0t04sas
0805 01252 001253R MTCHK DEF #+1

0106 01253 160022% _ LDA R,! S

0407 01254.002020 SSA ‘ DATA RECO=D-OR: EOF?

0808 01255 027311R JHMP OKAY EOF _ ;\j“
0409 01256 0600678 LDA MTSTF GET STATUS .
0110 01257 012063 AND =B4Q TEST END-nF TAPE axv

0111 01260 002002 Sza . s

0112 04261 102055, HLT 558 " . -'0---ENDq0F TAPE ..o..

0113 01262 0600678 LDA MTSTF

0114 01263 001323 RAR, RAR ' POSIT1ON ARITE ENABLE BIT
0115 01264 000010 SLA - TEST

0116 01265 102044 HLT 448 WRITE ENARLE - RING HISSING
0117 01266 001200 RAL . POSITION PARITY ERRoR axr
0118 01267 002011 _SLASRSS TEST ‘ ‘ « B

0119 01270 0600748 LDA MTFN2 : o &‘

0820 01271 002032 - 5ZA i

Q121 01272 027324R ' JMP: CHECR :

0122 01273 027311R JMP - DKAY i

0823 01274 000020 REAUC OCT 0 ° . : c S

0424 01275 0600368 NXTHRY LDA OTPUTY BUMP ERROR COUNTERS i

0125 01276 032062R 1 JOR =41 : : i !

pt2s8 01277 0700368 STA. OTPUT SN PR b

0127 01300 0340378 [SZ ATTNG - ANOTHER ATTEMPT?' o

0128 01301 002001 . RSS: ; ~ o g

0429 01302 027306R LWMPOQUIT . TRIVEUP. U g
0230 01303 0500405 .. LDA. ABORY ‘ ';~ R
0131 01304 002003 ‘'SZA,RSS ALL BUFFERS FULL?

0432 01305 0272318 _JMP RETRY N0 ~ TIME FOR ANOTHER TRY
0t33 01306 0600368 QUIT “LDA QTPUT =~ VYES ~ FORGO- FURTHER ATTEMPTS
0234 01307 032036R 10R zp2 . AND;BUMP ERROR COUNIER 2
0135 01310 0700366 STA OTPUT =~ “' ‘

0836 01311 002430 °OKAY CLA P

037 01312 0700408 STA ABORTY CLEAR POSSIBLE ABORT FLA
0138 01313 1700228 STA R, 1. RELEASE ‘BUFFER T
0839 01314 034022b : ISZ R . MOVE POINTERS T0: NEXT Burrsn
0140 . 01315 1600228, . LDA Ry I o5 o it ;
0141 01316 070027& STA.SADD " R 4 L

0142 01317 002004 " INA - BT

0t43 01320 0700225 STA R L ' s i

0144 01321 063166R LDA WRITA SET JUMP. ADDRESS. i

0145 01322 D73164R . ~STA MTFN )

0146 01323 026277R JHP AAA S . Y

oy




PAGE 0025 (03 ®es AIRBORILE DATA ACQUISITION PROGRAM 22/6/73 ssa

0149 01324 016001X CHECR JSB
0¢50 01325 031010 ocT
0151 01326 102033 HLT
0152 01327 200000 NOP
0$53 01330 0000CO° NOP
0154 01331 06333&R LDA
0455 01332 073164K STA
0156 01333 002400 CLA
0157 01334 0700748 STA
0158 031335 026277R JMP
3150es»

0160» INITIATE READ

016100

0162 01336 001337H READR DEF
0163 01337 016001X JS8
0164 01340 ploonio ocT
0165 01341 102033 HLT
0166 01342 201S560C BINY DEF
0167 01343 177064 DEC
0168 01344 063347R LDA
0169 01345 073164R STA
070 01346 026277R JHP
0t71eas

0272+ CKECK

0%73s QUTPUT

0294

Ji74sas
0t75 01347
0176 01350
0177 01351
01478 01352
0179 01353
0280 01354
04281 01355
0%82 01356
0183 01357
0184 01360
0185 01361
0186 01362
0487 " y:1363
0488 . 01.64
1489 013e5
0490 01366
Q0191 01367
0292 01370
0193 01371

01372

REAN OPERATION AND COMPARE DATA READ RACK WITH DATA! IN

BUFFER

CO1350R

2640708,

005665
056064R
002021

027275R
C62065R
073737R
063342R
073740R
C67235R
163740K
150071

902071

027275R
306034

N37740K
C57737R
C27362R
027311R

OH COMPLETIUN OF BACKSPAGE

1 10C,
31010
338

READR
MTFN

MTFN2
AAA

el
110G,
lo90lg
338
BUFY
~460
VERFY
MTFN
AAA

VERFY DEF «e}

CHPAR

LbB

ELB,CLE,ERB

CPB
RSS
JHMP
LDA
STA
LDA
STA
LDB
LDA
CPA

. RSS

JMP
N8
1sZ

- 18Z

JHP
JHP

XL0G
=U460 -

NXTRY
3D=230
INX1
BINY
[NX2

BUFFO "

1,1
NXTRY -
INX2
INXY

CHMPAR
OKAY

rod

- RESET FLAG TO READ ONLY

" NO ERRORS

ISSUE BSP COMMAND
REQUEST REJECTED?

SET .IUMP ADURESS

READ BACK THE RECORD '
“REQUEST REJECTED?

" “SET JUMP ADDRESS

[

GET TRANSIISSION LOG -

CLEAR MODE BIT
CHECK FOR CORRECT LENGTH--

WRONA TRY’AGAIN

‘ERROR "7




PAGE 0226 03 e AIRBORNE DATA ACGQUISITINN PRNGRAM 22/6/73 s=s
0497manm )
0194« AT END NF FLIGHT »RITE .3 £0FS THEM REWIND AND UNLOAD TAPE
0199 %%~
0200 31373 062066R ENDIT LDA =le3
0201 01374 073737R . STA [NX1 o ’
0202 01375 016071X EOGFS JSB 1o, WRITE EOF
9203 01375 030110 ocT 30110 . ; -
0204 01377 102033 HLT 3$B REQUEST REJECTEDL?
0205 04400 QuoO0fO NOP : ) R p
9206 01401 0020000 NOP .
0207 01402 G160°1Xx Jsg ,loc,
208 01403 C40010 0CT 40010
0209 01404 $I2020 SSA
0210 - 01405 J27472R JHP #~3
2211 . 91406 337737R 1SZ INXL
0212 01407 027375K JHP EUFS
0213 01410 C16001X JSB8 ,l0C, UNLOAD TARE
D214 01411 0230510 0CT '3uS210 _ [
3215 01412 132033 HLT 338 " REQUEST REJECTED? =~
0216 01413 CNQO0O NOP S
0217 3J1414 00C0CO NOP
2218 01415 0160751X JS8 ,l0C,
0219 01416 PA0010 0CT 4uQ10
9220 (1417 02cCz020 SSA
0221 (1420 €27415R JMP #=-3
0222 01421 102077 HLT . 778 THE END
0223 01422 T27421R #=] o :

JMP




PAGE 9027

0226#ne

0227+ TRAHSFER nNATA FROm CYCLIC BUFFER AND AFTER <COHNVERSION TQ 24 RIT
0228» BIMARY STORE IN OQUTPUT HUIFER,

328y

0229+ STORE
023uesne

0231 01423
0232 01424
0233 01425
0234 01426
0235 01427
0236 01430
0237 01431
0233 01432
0239 01433
0240 01434
0241 01435
.0242 01435
D243 D1437
0244 01440
0245 01441
0246 01442
0247 01343
0248 01444
0249 01445
0250 01446
0251 01447
3252 01450
0253 01451
0254 31452
0255 014>3
02546 01454
0257 01455
3258 01456
G259 01457
0260 01469
0261 01461
0262 01462
0263 J1403
0264 (1464
3265 01465
0266 01466
0267 01467
0268 01470
0269 01471
0270 01472
0271 01473
0272 01474
0273 01475
0274 01476
0275 01477
0276 21500
0277 01501
0278 01502
0279 01503

015u4

03 wes AIRHORNE DATA ACQUISITION PROGRAM 22/6/73 ese

WITH DATA

00020
0737354R
077735R
063736R
202004
073736R
C12967%
c01720
17307}
0961074
063736R
012070R
1700921
096904
202430
170091
2960704
179021
206004
0777328
0MG2071R
073737R
188731R
170071
037734H
PNEIN4
3377378
027451K
C77734R
062072R
73737k
062041R
073740R
163731R
017576R
017654R
35773LR
037740R
127464K
062035
373740R
163731R

d700418 .,

337731K
153731K
01757 6R
1492470

BUFF |

DNPS L

FIDL

NYT

NOP
STA
ST18
LDA
INA
STA
AND
ALF
STA

"INB

LDA
AND
STA
INB

. CLa

STA
InNB
STA
INB
STB
Lna
STA
LDaA
STA
152
I8
152
JMP
STB
LDA
STA
LDA
STA
L.DA
Js8
JSB
152

“IsZ.
“JHP

LA

MAGSE

07C0428

0600414
017634R

STA

Lba
STA

182
LDA

- JSB

CLA

. STA

LDaA
JS8

BUF X
BUF AD
BLNUM

BLNUM »
=170000

1,1
BLNUM

=H7777
1.1

1,1

1.1

BUFR1
zi)eqd

IHX1
BUFRX, |
1.1 o
BUFRx

Imnxl
DUPSQ
BUFROD
=j)=30
Inxy
si=a
InXa2
BUFRX,.I

BPALK
BUFRX
[uxe
NXT
syeS
[rixe
RUFRX, 1
T11
BUFRX
BUFRX, 15
HCDIL ‘

T2
TT1:c
BCDI2

STORE LOWER 12 u4ITS

CONVERT RED TO BINARY AND
Iii THE MT QUTPUT BUFFER

STORE UPPER'FQUR RITS
¥

E%

CLEAR ATTFMPT :NUMBER

TRANSFER DOPPLER COORDS

ALREADY [N BINARY

S A

e

§ .

h
L

AT
|

8

‘COMVERT 4 LSD TO BIHUARY

CONVERT MSD 7O HINARY -

CALCULATE 24 BIT CHECKSUM AND

" IVICREMENT .THE 3LOCK. NUMBER

| SAVE START ADLRESS OF ' CKSUM

; GET A.BCD-wORD -~ -
BCDI1 © " COMVERT T BINARY

" STORF IN nUTPUT: BUFFER*
BYEP ADDRESS |

~ SAVE MOST SIGNIFICANT DIGIT

i

[N



PAQE 0028
3283 01505
0284 01506
0285 01507
0286 01510
0287 01511
7288 01512
0289 01513
0290 N1514
0291 01513
0272 01516
027?38 J1517
02¢4 01520
0295 921521
0296 01522
9297 231523
0298 01524
1299 01525
3300 01526
0301 01527
1302 01539
0303 01532
0304 01532
7305 31533
0306 921534
0307 031535
3308 J1586
2309 31537
I310 01540
0311 91541
2312 91542
3313 01543
3315 31544
3316 01545
0317 21546
0318 01547
3319 J155¢C
J320  J1551
0321 031552
8322 (1553
0323 921554

0324

11555

03 es» AIRBORNE

0L7664R
037731R
037740R
C27474R
537737R
027462R
063732R

302094

073733R
202498

073741K
017544R
063732R
073733R
063742R
073741R
017544R
062065R
273737R
163735k
312073R
091222

970041y
163735R
212074R
230041H
173735R
C37735R
057737R
127530R
127423R

200020
0J24°0

CHEXS

PL232

CKS U

073743R -

762075R |

N73744R
133733K
310940
045731R
702040
3$774JH

LOOPS

Js8
1sz
sz
JHP
1s2
JHP
LDA-

INA-

STA
CLA
STA
JSB
LDA
STA
LDA.
STA
JSB,
LDA
STA
LDA
AND
RAL,
STA
LA

‘AND

JOR

STa
‘182
1Sz

JHp
JMP

‘NOP

CLA
STA
LDA
STA
LDA
CLE
ADA
SEZ
1sZ

DATA ACQUISITION PROGRAM .22/6/73 wea

BPACK
BUFRX
INX3
MAG2Z
InXxy
FIDY
BUFR1

BUFR2

SuM

CKSUM
BUF R4
BUFR2
SuUMy

'SUM

CKSUM
=U=230
INXY
BUFAD, I
=87700
RAL

711
BUFAD, |
sH77
T74

BUFAD
Irx1
pr232.

BUFFI, I'o,

CARRY
=U-112
SNUM
BUFKZ, 1
SuUM

CARRY

BUFAD, I

FINISHED ELOCK?
CALCULAYE 24 BIT CHECKSUH

. ADD BITS a-11

Vi

ADD CARRY FROM- PREVIOUS aDD v
ADD BITS i-23

i

UNPAGK 12 BIT WORDS TQ FORM
TWO 6 BIT BYTES FOR MT .

e

SET WORD COUNTER™

CARRY:FRO: BIT 152
YES BUMP CARRY COUNTER




PAGE 0029 03 «e##a AJRHORNE DATA ACQUISITION PROGRAM 22/6/73 #ses

0327 01556 073741R - STA SUM

0328 01557 037733R [SZ BUFR2 INCREMENT ADDRESS BY 2 - |
€329 01560 037733R ISZ BUFR2 - I .
0330 01561 037744R I1SZ SNUM FINISHED? « it
0331 01562 027551R JMP LOCRS NO T o C
0332 01563 063741R LDA SuM L
0333 01564 012y67R AND =8170000 [SOLATE C4RRIES FROM BIT 11.
0334 01565 001720 ALF " POSITION iN.LOWER WORD .

0335 01566 067743R L DB CARRY GET ANY. CARRIES FROM-BIT 15
0336 01567 005700 BLF MULTIPLY Y 16

0337 01570 040001 ADa 1 o FQRM TOTAL CARRY FROM 12 BIT
0338 01571 073742R STA SUM1 ADDITION

0339 01572 063741R LDA SUM . 1;
0340 01573 012¢70R AND =H7777 . : N o
0841 01574 173733R STA BUFH2,1 N 5 ~ o IR
08342 01575 127544R JMP CKSUM, | ‘ ‘ . ‘ 1
0344san ‘ ‘ F s

0%45e SU3ROUTINES USEN IN DATA CONVERSION FOR MT nUTPUT

0346nue T o - '

0347 01576 0Q00G0 BCDIL NOP COMNVERTS 4 DIGIT RCD TO" BINARYf
0348 01577 0041700 ALF . POSITION FIRST CHARACTER - 7 |
0349 231600 0700428 STa--TT2 , ‘ .

0850 01601 012026K © AND =817 L S ﬁ

5251 01602 064000 LDR 0 ‘ : S

0352 01503 C17626R . JSB BY10 L

0353 901504 J60p428 LDA TT2 Co R o

0354 01605 C01700 ALF ' 'PDSITION :SECOND CHARACTER
0355 01606 0700428 STA TT2 , ‘ E G

0356 01607 £12026K : AND =617

0357 91610 044030 abg 0 - .

0358 91511 017626K CJSB.BY1D

J355 01612 0600420 LA TT2 . e : ' : §
0360 .01613 CJ1720 . . ALF POSITION :-THIRD CHARACTER® ‘
0361 901614 0700428 STA TT2 : L S !
0362 01615 012026K < AND =117 | , BN

0363 01516 C44050 ADB 0 : , o i

0364 01617 017626R .~ . JSB.BY10 - N R ,

0365 01520 0600428 - Lba-vT2 . AR ot N

0366 01621 001720 - ALF ‘ PNOSITION 4TH.CHARACTER

Q367 01622 012026R - AND =H17: TEREUN : . S 1
0368 01623 244000 V) ADB 0 S O ’
0369 015624 002420 © 5. CLA ‘ L . B ‘
3370 014625 127576R L. JMP BCDIL, | RETURN 'WITH BINARY IN A8 ‘
0371 01626 000020 BYLU NOP . R IS B
0372 91627 005000 BLS f o I

0373 01530 0740448 STB TT4 , o T

0374 01631 05020 BLS,BLS L : DiwEe

0375 01632 £440448 ADH TT4 : - o

0376 01633 127626R ~ JUMP BY13.q




PAGE 0030 33 wse AIRBORNE DATA.ACQUISITION PROGRAM 22/6/73 ees

0379 01434 000000 HCDI2 NQP .
0380 015635 012026R AND =H17

0381 01636 0700434 STA TT3
0382 . 01637 042072H * ADA zp=10

0383 01640 C02021 SSA,RSS ; CHARACTER LE 9

0384 01641 027661R JHUP ERRA3 '  NO. ,

0385 01642 0600438 LDA TT3 :

9388 01643 001000 ALS ) . S it
0387 01544 043704R - ADA SS4 FORM ADDRESS oF BINARY EQutv,
0388 01645 0700438 STA TT3 o , "‘ ‘

0389 01646 000040 CLE

0390 11647 144000 AUB 0,1 ADD 16 LEASY SIGNXF BITS

3391 01650 022040 SEZ "OVERFLOW?

0392 01651 0340428 1sz 7112 - YES S .

3393 01552 0740418 STB TT1 . - .
0394 01653 060043H LDA TT3

7395 01654 002054 IMA ‘ : : Co

2396 01655 160090 LDa 0,1 - . GET MOST SIGNIF BITS

0397 01656 040p42H ADA TT2. L » =

0398 11657 064041 LbB 171 ' ‘ S

0399 01660 127634R - JMP BCDI2,] RETURN WITH BINARY IN ‘AB

0400 31661 002400 -ERRA3 CLA C ‘

0401 01562 006400 © - CLB A o ,

0402 01563 127634R : JMP BTDI2,1 ERRQRH- SFT’RESULT To ZERo

0404 01564 030090 BPACK NOP o uPA(x AB REGISTER AND STORE
3405 01665 740418 STB TT1 AS. THO 1; BIT WORDS

0406 01566 012076R AND =8777 .

3407 21567 001700 . ALF T

J408 01670 9700428 ~v STA TT2 7 C ‘ ,

0409 01571 060001 ‘ LDA~1 i

0410 01672 C12067R AND =8170000 ‘ :

J411 . 01673 001790 - _ALF e s .
J412 01674 €300428 CTOR TT20 = ' & I
J413 01675 173734R STA BUFRO, I -
0414 01676 037734R . 15Z BUFRO

3415 01677 06C041B . LDa:TT1 Fe : ; e o

0416 01703 012070R AND =87777 o VR Gt
3417 01701 173734R - STA BUFRO,I“ = - EI o
0418 01702 037734R 1SZ BUFRO o o . S :

G416 01703 127664R . JMP BPACK,1 Ce e et B g



PAGE 0031 03 eee 4IRBORNE DATA ACQUISITION PROGRAM 22/6/73 ses

0423ees ) A -
0423 LOJK UP TABLE FGR CONVERTING TENS OoF . THOUSAMDS ro BINARY
D4240ce
0425 01704 DOL70SR $54 DEF w1 ‘ ‘
D426 01705 030000 ocr 0.,0,23420,0, 47n4o 0. 72460 0.116100 (]

91706 cCoo0gOR . - . o o

01707 023420

01710 0606000

01711 047040

31712 000000

01713 072460

01714 000000

01715 116100 _ ;

01716 000020 _ . L ’ SO
0427 01717 141520 ’ OCY 1413520,0:165140,0,30560,1.34200,1,57620.,1

01720 000090 i Ly ‘

01721 165140 L _ S ERe

01722 00@000 - o s ‘ SRR

01723 010560

01724 900001

01725 034200

01726 000001

01727 957620

01730 000001
0428 01731 000000 BUFRX NOP
0429 01732 000000 BUFR1 NOP
D430 01733 000000 BUFR2 NOP
0431 01734 000000 BUFRO NOP
0432 01735 000000 BUFAD NOP
0433 01736 000000 ELNUM NOP
0434 01737 000330 IMXY NOP 7 i o
0435 01740 000000 INXZ2 NOP . ;
0436 01741 000000 SUM  NOP ‘ e
0437 01742 000000 SUMLI NOP L Co e e :
0438 01743 000000 CARRY NOP ' ‘ e
0439 01744 0000N0G SHUM “NOP : T




PaGE 0032

0442 00010
0443 (CO0C11
0444 00012
J445 (00014
0446 00016
2447 01745
0448 009000
0449 30000
0450 ene
J4S51s CYCLIC
0452

D453 0ew
0454 00001
0455 00002
0456 00003
0457 00004
0458 06005
0459 00006
J46n 00007
0461 C0010
0462 009311
J463 0712
0464 C0013
0465 00014
0466 00715
2467 00016
J468 201217
469 00C20
D470 J0021
7471 00022
J472 00023
7473 00724
Na74 009225
2475 190026
Na76 Qo027
0477 00030
0478 JInDS1L
0479 00032
0480 00033
2481 00734
0482 90035
0488 00236
484 00037
ca85 00040
3486 00041
0487 00042
Jads 00343
489 00044
0490 0nd45
0491 0Nn046
049? 0nlaz
0493 00050
0494 0ndvl
1495 00052
0496 00053
0497 00054
0498 00355

03 ess AIRHORNE DATA ACQUISITION PROGRAM 22/9¢7S"-9- T

o

\\
MCR EQU 108 16 BIY 1/n lNTERFuCE SELECT cons
MPX EQU 118 INPUT MPX SELECT (0DE
DASC EQU '12B D/A MPX SELECT CODE ;
MTRSC EQU 14B KENNEDY SELECT CODE
REGSC EQU 108 40 BIT REGISTER SELECY CODE
1140008 AJSH] JSB LINK,I i
ORB = .
700146R LINK DEF INTRR INTERRUPY LINK

'J

QUFFER ADDRESS 1ABLE AND HUFFER STATUS HORDS ess

000310C
900000
000004
000562C
000070
0000078
701934C
200000
0000128
001356C
000000
0000014
000020C
000090
000090
0000C0
200000
62000
n00000
000070
00000
0000C0
C00000
000000
000020
000020
000090
000000
000000
900000
200000
000000
000090
600000
n10000
00000
000000
600000
000050
000000
020000
500000
000000
200000
000090

TAB

PaINTY
1RUFF
[ H8uF
IngF2

AIORT
TT1
172
TT3
174
SAVA
Sav

SAvVED
" NOP

CaLt
CALZ
CaLS
LINE
LEC
COuUNT

DEF

NOP~

DEF
DEF

BUF A

.l

BUFB

CNOP -
DEF

DEF
NQOP
DEF
DEF
NOP
DEF
DEF
NOP
NOP

NOP

NOP
NOP
NOP

as]

BUFC

ae]

gurFDn

TAB
BUF iN

NOP._..

NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP

“NOP
NOP..
NOP

NOP
NOP
NGP
NOP
NOP
NOP

NOP
NOP
NOP

NOP ©

NOP

HUMHER QOF BUFFERS CAN BE lNCREASED 8y EXPANDING YHE BUFFER TAB'E

ADDRESS OF BUFFER 1
STATUS WORD FQR BUFFER‘i

"POINTER T0 BUFFER 2

ADNDRESS OF BUFFER 2
AND SO ON g

POINTER BACK T0 BUFFER 1



PAGE 0033
0499 00056
0500 00057
0501 00D61
0502 009762
0503 00063
0504 00004
0505 00065
0506 00066
0507 0Onde7
0508 00070
0509 00071
0510 00072
0511 009073
0512 00274
0513 00275
0514 20076
0515 In077
05i6 09nlo0n0
0517 0On10l
0518 f0o0t02
0519 00103
0520 01746
0521 01746
0522 01753

01754
01755
0523 01756
0524 01757
0525 01760
01761
01762
01763
01764
3526 01765
01766
01767
01770
01771
0527 91772
01773
1774
01775
1776
0528 91777
92700
J23ul
02002
22203
0529 G©290n4
022305
02006
02707
02210
0530 029211
072212
02213

D2014

03 weee AJRHORNE DATA ACQUISITION PRNGRAM 22/6/73 oun

900000
000000
000000
000000
000000
000000
00000¢C
000090
000090
000000
900020
0000920
00000
000000
000000
000000
00009¢C
C30000
020020
000000
030000

030090
003y14
004497
NN4p24
000070
200000
026455
026455
0126455
026455
026455
226455
726455
G26455
026455
C26455
£26455
026455
226455
026455
526455
226455
C26455
326455
£R6455
226455

926455

726455
126455
026455
02,455
026455
126455
026459
26455

RESET
TPO
BEGIN
SFLAG
TOTAL
SSTAT
GHES
CALS
MTSTF
XLou
BLOUT
RCNTR
BouT1
MTFN2
BLENU
ALOQUOP
LSYN
XSy
GAPIIT
MTIME
MTFLG

UDATA
LABEL

FLNU

NOP
BSS

“NOP

NOP

NOF
NOP
NTP
NOP
NOP
NOP

NOP

NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
ORR
8SS
QCT

NOP
NOP
ocr

ocT.

ocrt

ocCT

ocr

ocrt

r

5 -
3014,4407,4024

FLIGHT MO INSERTED HERE

'

26455,26455,26455,24455,26455

26455,26455,26455,26455,26455
(49

26455,26455,26455,24455,20455

26455,26455,26455,26455,26455
L |
26455,26455,26455,24455, 20455

26455, 264%5,26455,24455, 26455



PAGE 0734 03 ees A[RYORNE DATA ACQUISITION PROGRAM 22/6/73 ase

02915 026455 - ' , o
0531 02016 026455 OCY 26455,26455,26455,26455,26455

02017 026455 ‘ . o

02120 026455

02021 026455

02022 026455

02023 0000J3

n2n124 100000

02325 032000

02326 200017

02227 0264700

02730 000033

020381 015433

02932 177716

"02033 0U0QQQ4

02234 177770 v

02235 177773 ‘ : : b

"02036 000002 . v

02937 177277

12040 .177776

22041 177772

02742 177747 o

02343 (01750 ‘ : i . -

J2344 000144 S o : » .

02145 15436¢C

92746 0235429

02347 €OCQUDS

02750 000012

02351 0000Cé

32092 fa000C7

92153 177534

02954 177014 B : v

02055 000764 o L oo

32156 177426 . ' g

02157 900372

02760 177634

02761 £00022

52262 20007%1

02163 CU006&0 - . D

32764 20C714 C oy

N2365 177432 ‘ =

923166 177775

G2%67 170030

023706 907777

02171 177774 ; |

22072 177766 - .

02073 0377¢C0 ‘ . ; o

02174 020077

02275 177620
: 02176 900777 - :
0532 ' END BrGL
®s O EIRONSe



PAGE

0o02se
0803
1004
0005~
000k
0007»
NO0ARe
J0Q0Ges
1010
0011
ne12
0013
1014
0015
Jols
J017
J014
1019
3020
3021
Joz22
1923
J024
302%
1026
1027
1024
0029
2030
J031
ne 32
01033
0634
0035
1036
J03S7
2038
ga39
0040
71041
3042
2043
0044
1045
Jjoas

'

00202 U1 eseess POPPLER SUBROUTINE 11/5/73 essens

L 4

ThRE DAPPLFR SUBROUTINE HAS TwO ENTRY POINTS, DINIT IS CALLED OMCE
TO SET upP. InITlaL CONDITIONS, DOPUQ IS CALLED EVERY SECOND TO
CotPUTE THE PPESENT DOPPLER COORDINATES AND -TO. UPDATE THE PILDTS
DISPLAY, ADDITIONALLY AT THE START OF 'GACH £iDuClaL DOPPLER ALONG -
480 CRCSS TRACK COURDINATES ARE RETURNED TQ THE MAIN PROGRAH FOR

INCLYUSTION O TrL MAGNETIC TAPE,
»
<n203 NAM DUPQOUO
ENT DUPULO,UINIT
00200 050020 UINIT NOP

80301 Gu20%0R LDA DINIT
Jul02 164070 LDB 0,1 GET RETUR.. ADDRESS

20203 376930K ST8 DINIT : AND STORE ‘ ‘

00304 002074 INA o

I0N05 164000 LDB 0,1 ' PICK UP PARAMETER ADDRESSES
00306 0740308 STB DK3 AND STORE LOCALLY v

20107 232324 1HA : L ,
50310 1440350 LUB 0,1 : L S K
90211 ©740268 STB LINE , : .

dnj12 ca2074 1A o e

00313 164030 LDB 0,1 ; )

00314 0740278 STB IMPUT

30015 00200¢ [ria

INI16 164026 LDE 0,1

00317 (740404 STB REGSU o . . P i
20520 032436 CLA CLEAR ALL 'INTERNAL COUNTERS 'AND
20021 0799718 STA OHIGN . FLAGS ERRET .
910322 070016d STA LPKHMO R £ .
20323 3790173 STA LtKHD R S
90324 0700144 STA XPKHO - . :
10225 3700154 STA XtKMD . ‘ ; o S
00226 07%0218 5T LPKML : e
20127 ©70022d ST LFKML

107130 970023y STA XPKM1 -
10331 C729248 STA XFKHL 3
p0NS2 £70020H STA ISTLP

303383 5700428 STA ISTRS

0n334 C730364d STA DSPRS

00735 €70uR0y STA ISTLN Vo

C0136 9700108 STA LPART v

00237 3700114 STA LFULL _ F

20140 0700124 STA XPART : o

0n241 070013d STA XFULL ,

20342 126070K JUP DINIT, 1. RETURN YO MAIN PROGRAM




_PAGE 0703 01 #seees DOPPLER SUBROUTINE 11/5/71 seeans

004Qwso

0050

Q051e DIGITAL CNIVERTERS THAT LOOK AT THE 3 LINE QUTPUT FROM SYNCHRO o
0852 CJ'ITROL TRANSMITTERS ON THE ALONG AND CROSS TRACK QUTPUTS OF THE °
0853 J0PPLER COMPUTER, ONE REVOLUTION OF THESE AUTPUTS, EQUIVALENT TO
0854 A CHAMGE [fl SYNCHRO REAUING OF 16384, 1S EQUAL TO 310/3 NAUTICAL
2055e MILES, THE PHOGRAM KEEPS TRACK OF THE TOTAL CHANGE IN SYNCHRD
0056s POSITI04, STURING THE ‘RESULT IN TW0 PARTS - INTEGRAL KILOMETRES
0057e ECJAL TO APPROX 29500 SYNCHRO UNITS AMD A FRACTIONAL PARY N
0058 SYNCHRD UNITS L ‘ ‘ ’

085G sse

0060 00743 020020 DOPUO NOP ‘ ‘

Q061 90344 0700728 STA LSYN STORE . ALONG TRACK

0062 90345 0740034 STB XSYN CRNSS TRACK READINGS

0063 00046 0600008 LDA [STDP FIRST READING OF FLIGHY?

0864 00747 032002 52a R R

0065 00050 026062R JMP DUPO1 NO ‘ ST

0066 00051 2020974 INA ‘ YES '~ SAVF 'INITIALSYNCHRO

0067 00052 07009008 STA ISTDP - REANINGS THEN RETURN ,

0068 00753 060902d LOA LSYN TAKE ALONG TRACK DOPPLER SYNCHRO
0069 00054 003024 CMA, LA REANDING aND STORE. BRI
0070 20255 0700p924H STA LSYND : : : h i _
0871 00356 260003y LDA XSYN TAKE CROSS _TRACK DOPPLER SYNCHRO
9872 20057 003024 CMA, ThaA - READING aND STORE . .

0873 00060 0700n5d STA X5YNU oo %

N674 00061 026492H JMP DUP31

THE DOPPLEH PROGRAM INPUT DATA IS TAKEM FRO.+ 14 BIT SYNCHRO;TOZ




PAGE 0704

0677 0s»
g878e [INTERMAL DOPPLER ALONG ANU CROSS TRLCK COORDINATES ARE BASED ON

30798 ARBITRARY ORIGIH LOCATEU AT POIV.

01 eseces DOPPLER SUHROUTINE 11/5/73 seaese

ae8us PROGRAM,

0082e#eses PRCCESS ALONG TRACK SYNCHRU DATA

00818en

0083esse

0084 00062
9085 00063
0886 00704
30087 009265
0088 Q0066
0089 Q0067
0090 00970
0891 00071
0092 00072
8093 900073
Qo094 (00074
0095 00175
Q696 00076
0897 00077
3098 ©niuo
0099 30101
J100 00102
9101 00103
D102 90104
9108 020105
0104 QN1U6
0105 00107
J106 30119
2107 99111
0108 aniiz
0t0S 00113
0110 00114

2111

00115

0600028 POFG1 LDA LSYN

c640928
0400048
007004
0740048
0700368
232020
0261C1R
342702R
sg2g020
026107R
gépalod
142703R
3700068
026137R
0427C4R
322021
026107R
c600C 6

borpu2

0427C5R

£70006d"

TonQd0d6y
c01120

0400100
2640118
016624R
27001uB
3740110

UGPUS

ADA

LDB LSYN
ADA LSYNO
CHB, INB
STE 'LSYNOD
STA LSYNL
SSA

JHMP DupPO2
=D«8000

SSA
JHP pOPDY

LDA LSYN1
ADA zUe16384

STA LSYHNL
JMP DUPOS
ADA =DB00D
SSA,RSS
JMP DOPOY
LDA LSYN1
ADA
STA LSYN1
LDA LSYNL
ARS

. ADA LPART

LDB LFULL
JSB DFPSUM
STA LPART
STB LFULL

=2D16364

(OF STARTING DATA ACOUISITION

| '.v..

TAKE ALONG TRACK ‘SYNCHRO READING

SURTRACT PREVIOUS ‘READING

SAVE CUPRENT READING -

SAVE DIFFERENCE -

TEST SIGN OF 'SYNCHRO CHANGE

NEGATIVE:

1s CHANGE 6T 8000? ? ‘ -

vES - SYNCHR0 CROSSED ZERG POINT
~ SUBTRACT 16384 10 GIVE .
~ SMA(L: NEGATIVE CHANGE

IS CHANGE LT -eooO?

NO

| YES - SYNCHRO HAS CROSSED ZERO

~ - ADD 16384 TO ‘GET SMALL .
- posxrxve 'CHANGE

DIVINE BY 2

‘ADD DIFER&NCE TO PART KM COUNTER

1t

NORMALISE FuLL NND PART KH

COUNTERS AND SAVE




01 eesvmee VDOPPLER SUBROUTINE 1175773 wusane

i
1

|

0t11Sweeeas PROCESS CROSS TRACK SYNCHRO UATA wesue

0144

PAGE 0905

011d4mne
" 0tl6ene

0117 00116
0¢18 00117
0119 00120
0120 o0Oo0121
0121 00122
0122 00123
0123 00124
0124 00125
0125 00126
0426 00127
0427 00130
0128 00131
0129 00132
0130 00133
031 00134
9¢32° 00135
0133 00136
0134 00137
0135 00140
0136 00141
0137 :J0142
0138 00143
0439 00144
0140 00145
0241 . Q00146
0142 00147
0143 00150

0o151

0600038y
0640038
04000540,
007024
0749058
0700078
0n2020
026135R
042702R
pod2020
026143R
0600071
042733K
0700978
226143R

742724r DOPO4

002021
C26143R
0600078
0427C5R
0700078
0600078 DOPUS
89711900
0490128
0640138
016624K
3700128
0749138

\
LDA XSYN
LDB XSYN
ADA XSYNO
CHB, INB
STB XSYNO
STA XSYN1

.SSA
" 'JMP DOPO4

ADA 3D= 8000
SSA

JMP  DUPOS
LDA XSYN1

ADA zpel63b4’

STA XSYN1
JMP DOPDS
ADA =zDB0OQ
SSA,RSS
JMP DOPOS
LDA XSYN1

ADA =D16384.

STA XSYi1
LDA XSYHL
ARS
ADA XPART
LDE XFULL
JSB DPSUM
STA XPART
STB XFULL

TAKE CRCS§ TPACK SYNCHRO R&ADING

(

SUBTRACTY PREVIOUS READ!NG “\?

SAVE CURRENT READ(NG

SAVE. DIFFERENGE
TEST SIGN OF CHANGE
NEGATIVE - i

Is CHANGE GT eooo7,‘

NO

YES =~ svwcuao HAS CROSSED ZERO"
 -"SUBTRACT 16384 TO' GET

- SMALL POSITIVE CHANGE

IS CHANGE LT‘-aaoO?

‘;

“NO

YES'- SYNCHRO HAS CROSSED ZEPO
.- ADD 16384 :T0 GET
e SMAIL POSITIVE CHANGE

DIVINE BY 2 i
ADD-TO PART KM COUNTFR

 NORMALISE RESULT AND SAVE 




0) /eewees DOPPLER SUBROUTINE 11/5/73 esaneq

PAGE 0006
|
0t47%en ' )
0t48saman DOPPLER CHART SPE&D CDNTROLLERO.Q..
3149mss

0150+« VOLTAGE COITROLLEJ OSCILLATOR REUUIRES «10V FOR ZERO SPEED

0151« AND
0152a«e
2153 00152
0154 00153
9155 00154
0156 00155
9157 00156
20157
0158 00163
N159 00161
0160 00162
N161 30163
162 Joi64
0163 00165
0164 00165
0165 QJo167
066 00179
0167 00171
3168 0n172
2169 00173
J170 00174
J171 004175
0172 00176
2173 00177
9174 00200
0175 00201
0476 Jo0202

u177

70203

3600268
022020
¢a3024
006400
0160C1X
2007C6R
co3024
042727R
0700318
0o03oc4
040043B
Qu2020
326171R
2600438
C262C1K

d600318 -

Qu30°4
2400448
CJ2uZ:

3262C0R
3600448
026271R
eaco31s
070021

*7,5V FOR 200 KMOTS

LDA LSYN3
SSA .
CMA, INA
cLB

DIV =L6

CMA, INA

ADA =02047
STA DTMP1
CMA, INA

ADA MAXSP
SSA

JHP ae3

LDA MAXSP
JMP.-DUPQBe«1

‘LDA DTHMPY

CMA, [NA
ADA MINSP

.SSA,RSS

JMP DOPOH

- LNDA MINSP

Dopos

962710R .

11667 3K

JMP DUPO0B«1
LUA DIMPL
STA 1

LBA =U9

JSB UTA

GET. ALONG TRACK §YNCHRO CHANGE
- APPROX 1500 AT 100 KNOTS
GET ABSOLUTE VALUE -~ =
DIVIDE BY 6 AND COHPLEMENT
TO GET Va<250 AT 100 KNOTf
CALCULATE X=2047eV. 7
AND SAVE RESULT
CHECK IF spesn T00° GREAT

OK : '
USE HAX AILOHED SPEED

CHECK IF SPEED LESS THAN
40 KNOTJ

USE WIN ALLOHED SPEED

ANDI PUT lN‘B REGISTER‘

QUTPUT TO VCO | ON D/A CHANNEL 10

i : 4‘



PAGE 0R07 02 eecews DUPPLER SUBROUTINE 11/5/73 sstnces
0001esw .
0802ee®ee PILOT S DOPPLER DISPLAY PROCESSOR sseas
0B03ene
0804 00204 060040H DOP11 LDA Rt640 GET ADDRFSS -OF PILTOTS DISPLAV
4005 00205 0700418w STA DUATA BUFFER
000¢ 00206 1600278 LDA INPUT, ] GET 16 BIT INPUT REGISTER
0007 00207 012711H ANDWSUZ ISOLATE DOPPLER RESET BIT
00808 00210 002933 SZAy 1SS IS It oN? ,
" 0009 00211 $26245R- JMP DOP13 . :
3010 26212 T6C012H LDA XPARTY YES - SAVE INITIAL COORDINATFS
-0011 00213 903024 CMA, INA : : .1E RESET CROSS TRACK DISPLAY
0812 /00214 2700148 - STA XPKMU -
0013/ 00215 2600138 LDA -XFULL N
pe1d4 00216 003004 CHA, INA T o 7y . E
0815 00217 07C0158 STA- XFKHOD .. SRS RN ERRS
np1s 00220 J690429 LDA ISTRS FIRST REJET? & RS SR
go17 Wor21 0y20T2 SZA . ¢ _ ; SR ' Lo ERRER
0018 00222 0262Z6R JHP se4 ;
0019 0223 Cu26o4 1Na .
0020 J0224 700428 STA ISTRS : , N
2021 00225 026237R JHPDOP12+2 - o T ~ e
0022 30226 0hQ036H . ~ LUADSPRS CHECK . IF RESET 'ON FOR 5 SEC
2023 30227 032002 . SZA - ‘ : : R
0024 00230 02623I5R JHP DUP12
0025 » 00231 GJ2024 INA o
ne26 90232 0700368 STA.DSPRS : )
0027 90233 262712R LA =ue5 INITILISE -COUNTER -
Q028 00234 3700378 STA -DUNTR ' R ‘ ERHPRNIRE
0829 00235 0340378 UNPL2 152 DCNTR ~ COUNT NUHnER OF SECONDSm P
0030 0n236 026247R JMP DUP13e2, -
0031 20237 06001068 LUA LPART' / RESET- ON roR 5 SEC so
2032 0n240 0030°4 " CHA, INA -~ RESET ALONG TRACK DISPLAY
0633 00241 5700168 STA LFKMO
0034 00242 060011H. LDA LFULL
0035 90243 03074 CHA, INA o
9036 00244 2700178 STA LFKMG i
0037 00245 (92470 DOP13S CLA . RESET COU‘TER FLAG
0038 00246 2700364 STA DSPRS . St
0039 30247 £600108 ‘LDA LPART. sunrpncr INITIAL ALONG TRACK
304y 00250 040ul6d ADA LPKMO POSITI0N FROM PRESENT POSITION‘,
0041 00251 J6401lb L8 LFULL
2042 00252 044017d ADB LFKMO
9043 0023 01A624R JSB DPSUMC "NORMALISE IHE RESULT N
0044 00254 0700313 STA DTMPL1 © THIS 1S ALONG TRACK, DISYANCE ,
0045 00255 0740326 STH DTMP2 - To ‘BE DISPLAVED )
2946 20256 006450 cLs L
Q047 90257 002020 SSA
9048 00260 0070720 cHB e ‘
‘0049 00261 016031X Dlv scLO1 DIVIDE, TO GET 0.¢ S OF KM
00262 0400458 ‘ ‘



PAGE 0008 02 weessws DOPPLER SUBRQUTINE 11/577) sosece

0052 00263 0700318 STA DTMPL

0853 00264 760032b LDA DTMP2 R G

0854 00265 001000 ALS MULTIPLY «xM. BY 19

0055 00266 070001 - STA 1. o

0056 00267 001020 - ALS,ALS

0057 00270 040003 ADA 1. ‘ e -

0058 00271 0400318 - ADA DTHMPL ADD oN 0,1 S ‘

0859, 00272 002020 SSA © . 1F NEQATIVE ADD 10000

0060 . 00273 042713R . ADA =D10008 o AT

0061 00274 016%60R JSB ENCOD" - ENCODE RESULT 'TO {~2-4-8 BCD- -

0862° 00275 174041B STA 'DUATA,I' . ' AND STORE IN 40 BIT BUFFER -

0063 00276 0340418 1SZ DUATA SR o o o

0864 20277 1740418 STB DDATA,! B j S

0065 00300 034041d " 1SZ DDATA : ‘

066" 00301 0600128 - LDA XPARY SUBTRACT INITIAL CROSS TRACK:

0067 00302 040014b ADA XFPKMO FROH PRPSENT POSITION '

0068 00303 064013H - LDB- XPULL T R St

0069 00304 0440158 = - ADB XK KMQ ‘ . : By

0070 00305 016624R JSB DPSUM - NORHALISE RESULT Vel

0871 00306 070031V STA DTMRY “THIS 1S CROSS: TRACK RESULT

Qe72 00307 0740328 STB DTMP2 ~FOR DISPIAY; outPuT v

0073 00310 D064CO cLB ‘ ‘

087« 00311 002020 SSa- - S

0875 00312 007000 cHB ‘ R Cl :

0876 00313 016001X Dlv scto2 - pIVIDE TO GET 0.01 5.0F KM
00314 0030468 : o : R :

0e?7 00315 0700318 STA DTMPL F S T IS TR

0078 00316 0600328 LDA DTHMRPZ " MULTIPLY CROSS KM BY 100

Qe79 00317 901020 °  ALS,ALS Lo R

0e80 00320 070071 . STA 1

0881 00321 001020 “f ALS,ALS :

0082 00322 901000 .- ALS ‘ ‘ R

0883 00323 044030 _"ADB 0 - . e

0B84 00324 0010°C JALS - . Ct e e I o

0885 00325 044000 ADB 0 ‘

0086 00326 3440318 _ ADB DTMPYL ADD NN 0,01 S KM

0887 00327 1600274 LDA -InPUT, I CHECK - ON POSITION OF FORHARD/‘

0e88 30330 012714K AND =8 REVERSE “SWITCH - '

0689 (00331 C020"°2 SZa IF 0! COMPLEMENT IRESULY

0890 00332 0J7p04 cMB, INB

0891 00333 0600"1 LDaA 1 . , : ‘

0892 00334 0700318 " STa DTMPL " SAVE FOR “ETER QUTPUT

0893 020335 C064°0 cLB c

Ue9a 00336 072021 S54,RSS 'S 1T POSITIVE? _

3895 00337 026342R JHP ee3 YES o

1896 00340 003074 CHA, INA ¥ MAKE ‘POSITIVE AND CHANGE -

2097 30341 0d797C cHe OVER THE LEFT/RIGHT LIGHT

3098 00342 0749328 STB DTMPZ - I

0699 230343 C16560K © JSH ENCOD GET ‘4 DECIMAL DIGITS

0100 0n344 170041 STA DULATA,| AND) STORE IN 40 BIT BUFFER

0801 00345 034p41n [SZ DUATaA .

0102 00346 1740410 STB DuATa,l

0103 00347 03404146 " 1SZ DUATaA

0404 00350 2600329 LDA DTMP2

2105 0n351 170041 STA DUATaA,!




PAGE 0010

f108een

0209es»

0436

0110see

0t11eme

g112eew

0413 00352
0114 00353
0115 Q0354
gt1s8 00355
0t1? 00356
0118 00357
0119 00360
{120 00361
u121 00362
iDt22 00363
0123 00364
0124 00365
0125 0n366
0126 90367
0127 00370
0428 00373
0129 00372
0130 0On373
0131 00374
0132 00375
0133 00376
0134 00377
0835 00400

0n401

02 esesss DOPPLER SUBROUTINE 11/5/73 sseess

0600318
001090
£70022
001020
c40071
001000
£700318
902020
0726370R
042715R

332020

026375R
062707R
926376R
042716R
go2021

026375k
062715R
026376R
9600348
012717R
0700921

062714R
016673R

poprZl

por22

QUTPUT CROSS TRACK ANALUGUE
INDICATOR IN FRONT OF
TO APPROX 1 KILOMETER

LDA
ALS
STA
ALS,
ADA
ALS
STA

- §SA

JMP
ADA
SSA
JHP
LDA
JHP
ADA
SSA,
JHMP
LDA
JHP
LDA
AND
STA
LDA
JSB

VOLTAGE FOR LEFT-RIGHT

PILOT =10V TO +10V FOUIY

DTMP1

1
ALS
1

DTMPL

DUP21
2)=2046

pup2z
=0)2047
DOP22+1
=D2048
RSS
pupP22
sU=2048
DUP22+1
DTMPL

287777

1
=18
JUTA

PICK. UP CROSS TRACK DISTANC"

LMULTIPLY itY 209TO GIVE APPROX

1°KM FULL SCALE DEFLECTION

'ou THE METER

EST IF GT 2048

YES - SET &OUAL TO MAX POSSIBLE

TEST IF LT"2048

YES - sET‘EOUAL‘To"HIN POSSIALE
TOUTPUT CRNSS . TRACK :TD INDICATOR

METER 3
0N CHANNEL 9 OF
D/A MPX

DT



PAGE 0D11
083G enms
Q0tdyeee
Ne41ees
054200 e
0843ums
0144en0
0145 00402
0146 Np403
0147 Q0404
0148 - 2n405
0449 00406
0¢50 0n407
0151 90410
0s52 On4rl
0853 0p412
0t54 00413
0155 'Qp414
0156 Q0415
01457 0p41é
0158 00417
0159 0042C
J160 00421
0161 920422
d162 00423
0163 0n424
0164 00425
0165 Q0426
0166 00427
0167 9D0430
2168 004231
0169 00432
0170 30433
0171 004354
0t72 00435
0173 00436
0174 00437
0175 900440
0176 00441
0177 00442
0178 00443
0179 00444
0180 00445
0181 0N446

02 seeeee DOPPLER SUBROUTINE 11/5/73

FLIGHTY CAN
AEFORE THE CONHMENCENENT OF RECORDING,
AT START OF FIRST LINE

1600308 DOP31 LDA

052720R
002091

026472R
162043R
0700258
0600208
g02pc2

026447R
1a00268
032032

026427R

1102523

052721K
202291

026447R

002470
102601
6020904
c700%18
026433K
0700208
76002148
002972
026447R

0600108 .

u03924
3700218
Je00l1s
G0309+4

0700228

0600121
g03p04
27002348
060013d
003¢0C4
3700248

pops2

DNPA3

CPaA
RSS
JMP
LDA
STA
LDA
SZA
JHP
LDA

EXDQP
DOPOO
DOPAD
ISTLN

popP34
LINE:

- SZA

JMP pOP32
LIA 14

CPA =04

RSS.
JHP
CLA
0Ta 1

poP3a

S IHA

ORIGN
DOP33
STA 15TLN
LDA ORIGN
SZ4 ‘

JHP DUP34
LUA LPART
CliA, INA

STA -LFKM1
LA LFULL
CMA, INA

STA LFKML

STA
JHP -

LDA XPART

CMA, [HA
STA XrKM1
LUDA XxtULL
CHMA, INA
STA XFKIL

DOPPLER COURDINATES FOR OUTPUT ON MAGNETIC TAPE.
BE ESTABLISHED BY SETTING BIT 3 OF SWITCH REGISTER
OTHERWISE ORIGIN IS SET

DK3‘ I Lol
siJ=50

»

YES

sasagte

NO

DRIGIN FOR
15 1T START OF 10 SEC BLOCK?

P!CK UP ADDRESS OF MT EUFFER

“AND STNRE
HAS RECORDING FOR FLIGHT STARTED
YES - ' '
NO = 1S FIRST LINE STARTING»NOH?
“YES

‘N0 - GET SHITCH RFG.STER >

1S DOPPLER ORIGIN BI1T ON?

NO o
CLEAR SWi3 cn»NEGISTER
SET ORICGIN FLAG
ORIGIN ALNEADY‘SET?

YES

SET ORIGIN FOR MT DOPPLER

SAVE STARTING ALONG TRACK

v

SAVE STARTING CROSS TRACK
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0196 00463
0197 00464
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0202 00471
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0204 00473
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0600108 09934
J400218
0640118
0440228 .
016624R
016474k
1700254
0340258
1740258
034029d
os00128,. .-
0406234 .
0640138 -
044024y
016624R
016474R
1700250
0340258
1740258
036043R E“DOP
126043R

LDa
ADA

LDB
ADB
JSB
JSB
STA
152
ST8
1sz
LDA
ADA

- .DB

ADB

JSB

JS8B
STA
152

sT8’

152

LR

LPART
LPKM1
LFULL
LEKM1
DPSUM
pUPXY
DUPAUD, ]
DUPAD
DupPap, ]
DOPAD
XPART
XPKML
XFULL:
XFKM1
DPSUM
DUPXY

DUPAD, I

DOPAD

DOPAL, 1 BTN S .
U BUNMP_RETURN 4CDRESS .« .

DURGO
~OPOO, |

SUHTRACT INITIAL ALOMG TRACK )
FROM PRtSENT DISTANFE e

" NORMALISE RESULT

GET 24 BIT BINARY RESULT
AND STORE 'IN BUFFER

SURTPACT INITIAL CROSS TRACK
FROM PRESENT DISTANCE

NORMALISE RESULT"

GET 24 BIT HINARY RFSULu
aND STORE 'IN BUFFER
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08Q10e»
0002eevseses THE FOLLOWING SUBROUTIN:§ ARE USED BY THE DOPPLER PROGRAH uu"

0003mew
0004ees NOPXY FORMATS THE DOPPLtR COURDS FOR HT QUTPUT, THE RESULT xs A
J80S5ees 24 HIT RINARY NUMHER WITH 81TS 0-19 FORMIGNG A SIGNED QUANTITY 1IN
0806ems TWOS COMPLEMENT MUDE, BITS 20-23 ARE ALWAYS 2ERO; WHEN
0007e#0e PHROCESSING IN LARGE COMPUTER NEGATIVE NUMRERS ARE EXTRACTED
1008see USING THE RELATIUN IF(N,GT, 524267)N N-1048576 ,

[

géQGeas
0810 00474 000020 unva NOP c
0811 00475 0700318 STA .DTMP2 vPART KM
0012 00476 07490339 - STB DTMP3 KM
0013 00477 006400 cLe
2014 00500 202020 . SSA ; »
0015 00501 007000 cHB ' Sk . ST AR
0016 00502 01%0C01X - Dlv sciLo2 DIVIDE BY SCALE FACTOR TO GET
' 00503 0000468 _ T
0017 00504 070031b STA DTMP21 Co..0.01 S nF KM
0018 00505 006400 . CcLB CONVERT To DoueLE PRECISION
0ei9 00506 012062C SSA : _
0820 00507 007000 cHMB
0021 00510 0274032 STB. DTMP2 : : o ' Lo ;
0022 00511 060033y LDA LTHPI CONVERT. KM TO LOUBLE PRECISION
0023 00512 006400 cLB o N o S e
0624 00513 002020 © SSA : S T ,;‘L n
0025 00514 007000 . cHMB t
0026 00515 0416541K . JSB DMY10 . DOUBLE PR&CISION MPY BY 100
0027 00516 016541R JSB. DMY10
Je28 00517 0200040 CLE ~ g ”ADD on 0, 91 S OF KM
0029 00520 0400318 -~ - ADA DTMP1 ‘ _ ST S
0830 0n52% 0020640 - SEZ S R _ L
" 0831 00522 206004 . InB L B R <f W
0032 00523 0440328 ADB DTMP2 =~ . 32 BIT RFSULT IN BA R
0033 C0524 0700310 -+ STA DTMPL ¥ S
0634 00525 012717R - _AND 87777 ISOLATE LOWER - 12 axrs
0035 00526 0700328 STA DTMP2 . AND SAVE »
0836 50527 0600318 LDA DTMPL C o &
0037 00530 001700 ©ALF o
0638 30531 012722R AND =zd17: o ISOLATE B!TS 12~ 15
0039 00532 0700338 STA, DTMP3 - AND SAVE S
0040 30533 062723R LDA =8360 ° \ , SR
0041 - 0n534 005700 - BLF. : SHIFT‘B44»PLACES LEFT e
0842 00535 0100C1- ~ ~ AND 17 - e et
0043 00536 0300338 . “IOR UIMP3.- " MERGE IN JITS 12-15°
0044 00537 2640328 LNDB - DTMP2 . - ‘
0045 00540 126474R .- JMP. DOPXY, | 24 BIYT RESULT IN AB*
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0848ess ' : ' R B
2049 00541 000000  DHYLD NOP ‘. - -DOUBLE PRECISION MPY BY 10
0850 00542 200066 . CLE,ELA ; R P
0051 00543 0956900 SEWB. o ‘ SR o

0852 00544 0700348 ~STA DTMPe

2053 00545 0740358 ST8 DTMP5 . :
0054 00546 C00066 CLE,ELAY . ~ o . T
0055 00547 02056900 - ELB ‘ - v SR A S
0856 - 00550 000066 CLE,ELA

0057 00551 005630 ELB’

0058 00552 000040 CLE

0859 00553 0400348 ADA»DTHP4

0060 00554 002040 SEZ s

0061 00555 006009 INB.

0862 00556 0440358 ADB DTMPS .

0063 00557 126541R : JMP DHY10 L

00658nn

0066aes TIIS SUBROUTIHE cuwveurb AN INTEGER nUANYYTY IN THE RANGE
0067s#%.0 TO 9999 TO 8-4-2-1 HCD ~ * ) ¥ :

0068nnw v e '

0669 00560 200000 ENCOD NOP R RESULT RETURNED lN,AB
0070 00561 070071 © . STA 1 c

0071- 00562 006020 . ssa - cHEcK IF NEGAT]VE
0072 . 00563 026621R . JMP TOBl4W - REJECT =

0073 00564 046724R ANB =0=30000 ; f

0074 Q00565 026021 - SSB,RSS - -+, CHECK IF 00 LARGE
0875 00566 026621LK Jhp TOBIG " REJECT ‘ S
0076 00567 006430 cLB E B I TR
0877 J0570 042725R’ - ADA ‘=D- 1000 GET 1000 s

0078 00571 002020 = .  SSA S e

0079 00572 026575R. T IMP 'os

.0080 00573 00600¢ TR V11 E

ne81 00574 026570 JMP w=g

0882 00575 042726R. - . . ADAa =zU1000

‘0083 20576 035727 . - . BLF,BLF - o o

0084 00577 042727R - + ADA =De100 . 'GET 100 S -

0885 00600 002020 . SSA. { T

0086 00601 226634R JHP. a+3

9087 00602 006074 INB . ¢

0888 00603 026577R JMP #-g .

3089 00604 042730R : ADA =D100,."

0890 00605 0740358 . STH DTMPS

0091 00606 006400 T CLB: ‘ g R .
0092 00607 342731R - ADA zD=10 GET 10 S i
0093 00610 00202C . ./ SSA - ot

0094 00611 026614R . JHP ®e3

0095 .00612 006024 . [ o !

0096 00613 026607R JMP #=-3

0097 00614 042732R -, ADA =p10



PAGE

0100
0101
0102
0403
0104
0205
0%06
0407 en
0208+ss
010G es
0110+ew
J111ee
0112
0113
0114
0115
0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0435
0436
0437
0138
0139
0140
0141
0t42
0143
0144
0145
0146
0t 4>
0148
0149
0150

0015

00615
00616
00617
00620
00621
0n622
00623

THIS

03 seeses DOPPLER SUBROUTINE 11/5/73 sseces

005727 BLF,BLF .
044000 ADB 0 AND UNITS

0600358 _LDA DTMPS ‘

126560R Jup Encab, I L

002490 TDOBIG CLA ' TOO RIG S0  QUTPUT ‘ZEROS
006470 cL8 C e '
126560R JMP ENCOD, L T

ROUTIHE CHECKS FOR UVERFLDH oF THE PART KM, . COUNTER IF THIS

OCCURS THE WHOLE KM COUNTER IS, INCREMENTED AND THE PART COUNTER.
SUITABLY REDUCED, THE SIGN OF BOTH PARTS XQJALHAYS KEPT THE SAﬂE

00624
00625
30626
00627
0n630
00631
00632
00633
00634
00635

00636,

00637
00640
0n641
00542

00643

0n644
20645
00646
20647

00650

Ju651
60652
90653
20654
00655
00656
00657
00660
00661
00662
00663
J0b664

00665

20666
00667
0né70
00671
00672

000000 DPSUM .NOP * | ‘
0700318 " STA DTMPL ' FRACTION OF KM IN SYNCHRO' UN!TS

0740328 STB. DTMP2 - INTEGRAL #ILOMETRES
002021 : 'SSA,RSS . POSITIVE 0R NEGATIVE? : o
026641R JMP DUPA4] S POSITIVE -

0400478 ADA- SCLO3 NEGATIVE "= ‘MORE THAN 1 KH?
002021 ' 'SSA,RSS,. ., g .

026647R .- JMP DUP42 - NO

co2004 INA" . YES - SAYE ASJUSTED PART KM
0700318 SYTA DIMPL & ANn AJUST HHOLE KM

046733R ADB =0-1 R RV FUL
0749328 . ' STB DTMP2 : R RN “
026647R JMP DUP42 . - v NS LT
0400508 DNP4L ADA SCLO4 & - MORE‘YHAN 1:KH? : C .
202020 i SSA ‘ , - L
C26647R . JHP DOPA42 NO ‘
0700318 STA DTMPL YES = SAVE ADJUSTFD PAPT KM S
po60C4 18 AND ADJUST HHQLE KM : .
074032y "STB DTMP2

0600318 DOP42 L DA .DTMPL - = cc&cx THE SIGNS. AND MAKE YHEH
0640328 LB DTMP2 - THE SAHF ' ‘
€u2003 - SZA,RSS R : ; po
026672R ,JMP " DUP46 :

0v2020° . SSA , g

026664R "TJMP DOP44 St

006023 SZHB,RSS . ‘

C26672R . JNP. DUP46 3 ‘ :
006021 . 'SSB,RSS e T S g “,
026672R - JMP DUP46 : : RS
0n6004 ‘B ‘ ‘ ‘ R TR
0400508 . .. ALA 'SclLoq . o
026672R. - JMPTDUPAS “ v C
GJ6003 DOP44 SZB,RSS - : : : ,
026672R JIIP. DUP46

Co6020 s$sH , '

026672H JiP DupPde

046733R ADB =D~1 .

0400478 ADA SCLC3J

126624k LOP46 JMP DPSUM, |
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0853 00673 000000 ,NTA 'NOP : D/A DRIVER FOR DOPPLER. PROGRAM
0454 00574 001727 ALF ,ALF POSITION CHANNEL NUHBFR > <
0855 00675 001700 CALF : ‘
0156 00676 030071 10R 1 MERGE IN DATA
0157 00677 132612 " OTA DASC2 © - AND .OUTPYT
0s58 00700 123712 - STC DASC2,C o ‘
0459 00701 126673R~ JHP L DT&, T
0160 00012 DASC2 EQU 12B
J161mes
01620snace CONSTANTS SCALE FACTURS AND T&HPORARY ‘;TORAGE AREA Q.Q..Q
0t63ses
0¢64 00000 ° : ORB ‘
0165 00000 0000N0 ISTuP NOP
0166 00901 000000 URIGN NOP
0167 00902 300000 LSYH NOP
0168 90003 CI0000 XSYN NOP
0169 Q0204 320000 - LSY0 NOP
0170 00005 030033 X5YND NOP:
0171 00006 000000 LSYN1: NOP
0172 00007 000000, XSYwl NOP
0173 00910 2000230 LFART NOP
01734 0n01l 5000206 CFULLINOP
J175 00712 090000 XPART NOP
0176 00013 €00090 ‘XFULL NUP
0177 20914 200050 X<K10 NOP
0178 0nd15 000020 XFK™0 NOP
0175 009716 020080 LPKHO NOP
0180 00717 0J007G LFKMO NOP
0181 '0nI20 200000 ISTLN NOP
1182 00321 09009%0 LPKNL NOP
J183 00222 230090 LFKM1 NOP ¢
0134 00223 200000 xM='1 NOP ;
02185 00324 000020 +f~ -1 NOP ’
0186 00025 N00000 ‘WUPAD NOP
0187 00026 930020 LINE ‘NOP
0188 0nd27 000070 [HPUT KUP
0485 - 30339 200000 DK3 =~ NOP : (
7190 00231 2300%0 DLTMPL NOP
0191 00032 COCOT0 DTMP2 NOP
0192 00233 000000  DTMP3 NOP
0193 00234 3000206 LDT4P4 NOP
0194 00335 20002C. ULTMPS WNOP .
3195 902386 520000 DSPRS NCP I
J196 00237 700070 DECNTR NOP -
0197 00340 200070 . REG40O NOP
0498 909241 200000 UNATA NOP -
0199 9nJ42 NOP
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200011
0000C2
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000024
000017
030360
154360
176030
001756
177634
000144
177766
90C012
177777
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MAXSP
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ScLtl
SCL02
SGLuS
SCLGA4

DOPFLER CONS#ANTSGGQ'GQ.!GIQ;QQ;;Qﬁicnoocibbiﬂ

3

FACTOR IS SET RY SCL0O1~SCLO4 - .
DEC 1534 MAX SPEED 200 KNOTS b
DEC 1947 M1l SPEED 40 KNOTS. .
DEC 1474 SYNCHRO UNITS PER 1710 KM .
DEC 147 . SYNCHRO UnITS PER 1/100 KM .
DEC 14736 " sverRo UNITS PER KILOMETER a
DEC -14735 = v .
-

END LT k g
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