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SUMMARY

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

The integrated system is built around a Hewlett-:
Packard 2ll4B general-purpose digital computer,., .. interfaced
to a l6-channel digital. input multiplexer and magnetic tape
recorder. A visible. and permanent<analogue recora. of the
input data is maintained by.chCirtrecorders, to. enable the
operator to monitor data quality>and ,to assist later in
interpretation of the data. The chart drive motors can be
run at five fixed speeds or coupled to the Doppler signal so
that chart speed is proport:.ional to ground speed. The
Doppler signals are also coupled to a.display.unit which
assists the pilot to follow ,the planned flight path.

The system is extremely reliable, and error-free
flights are common.



1. INTRODUCTION

Towards the end of 1970 the Bureau of Mineral
Resources (BMR) took delivery ofa new geophysical survey
aircraft, a Twin otter, VH-BMG.. The aircraft replaced a
DC ° 3 that had been used for ,regionalaeroma'gnetic . and
radiometric surveys throughout P...ustralia since 19540, One of
the tasks in preparing the ne\\7 aircraft for survey work . was
the installation of an integrated :digital data acquisition
system. This Report gives a brief description of the system
and the results obtained. in two years I us'e. .

'Since 1960 the DCc 3 had operated with digital dCl,ta
acquisition equipment that recordedmagnetometer readings
and fiducial timinginformationonpunchedpaperta.pe. This
equipment had evolved through sever~lstages 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 constructed by BMR and
buil t in to the aircraft ..' timer unit. !

I • ... ,

In the Twin Otter it was intended 'to . record, in
digital form, . the geophysical and. Doppler navigational data
using one central' acquisition system. :Asthe., Twin Otter.was
to carry more equipment than l,ts predecessor, and also
sample the magnetometermorefrequently, atenfoldincrease
in data output had to be aqcorrunodated. . It was decided to
build the system around a comp,p.ct, . but powerful, . gerieral­
purpose digital computer, suitably'interfacedtoadigital
input mul tiplexer and magnetic . tape record~r, .... rather than
use a hardwire controller. . This choiceallowstheacquisi­
tion, checking, and recordin.g of data to be contJ:()11ed bya
computer program, which should be easy to .. pr0d.uce and
modify. It was expected that a c()mputer...basedsys-temwould
prove more adaptable.for future additions to the geophysical
equipment carried. Also, ·if needed, different types of
airborne survey operation with different sets of equipment
could be accorrunodated! merely .by loading a new computer
program. Moreover, when not being used in -this role .., the
computer could be used on other data processing or computa-
tional work. . .

The initial intention was to have the nE:cessary
computer program written by. a professional programming
organization that would work under contract to . BMR. . While
this arrangement was being organized a simple preliminary \
program was written in BMRto test some of' tlie bJ:"oad
pri.nciples of system operation. By AprJl 1971 it was
apparent that the BMR program could b~ modifiedt6.meetthe
specification required by .theproposed contract. Consequen­
tly, the external contract proposal was. abandoned, ." and by
May 1971 the upgraded BMR data acquisition programwp.s ready
for. airborne testing. This' flight' testing reveal'ed no
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serious deficiencies, and the
the two succeeding years of
modification and additions.

BMR pr0~ram has come through
surveyi use with only minor

A block diagram of the data acquisition systemis
displayed in Plate 1. A simplified flowchart showing the'
main decisions and a.ctions taken by the computer programis
displayed in Plate 2.

2. DATA iNPUT

In the present configuration of the system the
geophysical and navigational data channels and their
respe.ctive sampling rates are as tabulated below:

BCD*

Data format

5 BCD* digits

digits
digits i'
digits
digits

digits

binary

binary

digits

digits

4 BCD*
4 BCD*
4 BCD*
4 BCD*

3

l4-bit

14-bit

4 BCD

3 BCD

0.2 sec

1 sec
1 sec

Sample rate

,
1 sec
1 sec'
f·· )

"T sec

1 sec

l'sec

1 sec

1 per flight.

Data channel

Magnetometer' (2 channels)

Gamma-ray spectrometer
Channel 1 (Total)
Channel 2 (K)
Channel 3 (U)
Channel 4 (Th)

Altitude

Doppler along track

Doppler across track

Fiducial number

Flight,nwnber

* BCD - Binary Coded Decimal

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

As well, as geophysical data the'computer pl:"0gra.m
rp-quires certain timing and control information. ," EveryO.?'
Sf. ~onds a' signal from the timer, unit instructs <the computer
to ·take the readings required at that instant. . An,9t-her
timing signal, synchronized with the " start of ther IQ-second
fiducial interval, allows data acquisi tiontostart and, stop
in step with,the fiducial system. , A command to ~tart or
stop recording data on magnetic tape is generated wherl the
equipment operator presses a butt:on at the start or end of a



__.a;'__"",,_'lUI
tr

·__, _1.I5IF* ~..~.llIi!!'!!!rnrrr_IlIIO:m.;r__El+a!"-_''PIEl''.fP'I!;a__.._Oo!:I' IIiiiiiiI__Ia:l'·~ ..-... EII _

-3-

survey· line. Two additional logic signals control the
operation of the pilot's Doppler position indicators as
described in detail in Section 4.

These auxiliary datail1puts enter the computer via
a l6-bit input/output interface.

The timing of.the 'read' conunandsis arranged so
that th~ digital outputs from the instruments have .settled
to d steady state when the computer takes a reading. The
computer 'ref3ponds to a 'read', c01llI!!and, which has the highest
internal 9riority, ir;. less than 10 microseconds. "Thisfas t
response eliminates anypossibili ty, of . 'p'arallax errors'
between geophysical readings and the fiducial timing system.

3. ANALOGUE CHART RECORDER OUTPUT

Incoming readings on all geophysical data channels
are passed by the computer '. to the digital-ta-analogue )multi,"';
plexer. ,The resultant d.c.voltage Oanalogues .of the ,data
are recorded on chart .reporders, giving c.. visible "a.nd
per~anent record of the information input to the system.
The charts are used' to evaluate data quality during and
after the survey flight and also for later interpretation' of
the.geophysical informati9n. .

On a survey mission the chart records are the 'only
monitor of data quality. The operator has to maintain a
watch on the charts and, in the event of serioll~ degradation
of data quality, decide whether tc ,abCi.ndon the fli'ght. ",This
procedure is simple and flexible and," provided the operator
makes an", intelligent assessment o,f ,the, situation"works
well. , It is unlikely that any attemptwi.ll, be made in ,the
future to involve the computer in ,asig=dficantreal-time
data validation role. .,,\ '0 . . ", , 0 ~

Zero~nd full"':'span outputs °are displayed on the'
char.t recorders 'automatically at.the endof'a survey line to
allow the chec~{ng,of"recordercalibration. Recorder cali- .

.bration outputs ~anbe manually,.'initiated by . the operator,
0'- during intervals when ,data aJ;"e not.·'being recorded, by'

setting bit 1· on . the computersW~tchreg~steJ:'.

The' paper drive onthechart-,rec:orders has two ' ;.',
modes of operation. In TIME mode, fiv~;:fi.~ed speedrahges
from 0 u6 cm/minto 12 cm/min, S'are ,availabl~L. In, DOPPLEp..
mode, the chart drive 'stepp'ermotors aredrivenata rate
proportional to aircraft \ ground speed. Five' switchable '.
ranges provide chart scalesfrorn 1: 500 000 to 1:25 000. For'

. .'.
, ,

; ..
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DOPPLER mode operation the computer produces a control'~'

vol tage on one channel of the .. digi tal-to-analogue .... multi-;
plexer. This voltage, derived from along-track velocity,'
regula'i:es the frequency of a voltage-controlled oscillator,
which in' turn governs the speed of the chart drive.

".~~ .~.;. ,, ';,

",'v..

4. DOPPLER NAVIGATION

o

o

The Marconi AD560 Doppler navigation system
installed in VH-BMG is essentially an analogue device.·
Using a system of mechanical counters, the .standard.eq'Uip­
ment provides a digital readout of distances (in .nautical
miles) along and across track .. Survey >userequiresame.thod
of converting the Doppler co-ordinates .. to electronic digital
form, with a much higher resolution. This is ctchievedby
means of a pair of commercially. available synchro-tq-c1igital
converters; these are. coupled to the. electricaL signal
lines that· drive the standard Doppler display counters, and
have a reading accuracy equivalent to a Doppler distance of
about 3 cm. .

The computer .simultaneously maintains· ·t'y.,ro Doppler
co-ordinate systems. The Doppler data recorded on magnetic
tape are referred' to one fixed origin for the duration.bf
the survey flight. This origin can be. set by the. operator
by flying the aircraft over some known .reference ..... point
before starting the first snrvey line. If this procedure is
not adopted an arbitrary origin, which is located at:the
point of commencement of the fir~;t. survey line, is used.
Doppler position is. recorded on magnetictapeev.ery 10
seconds, the least significant digit being equivalent toa
distance of 10 metres. .

Tb.e other Doppler co-ordinate system provides.the
aircraft pilot~ith accurate navigational data for aircraft
guidance along the required. survey,path ... 'l'hissystem,which
is entirely controlled by the pilot from the fligl1 tcompart­
ment, produces .:~a reado.ut of distance across track (in th(~

format 00.00 km) and along track (in the format 000.0 km) on
a display,. which is updated every second. An across-track
2.naloc;rue voltage is also produced cui onedigital-to~analogue
converter channel. This signal is used to deflect. the
needle of a steering indicator on the pilot's. instrument
panel. Full-scale. deflection bftheneedleto the left or
right is equivalent to an across-trac:kerror of about Lkm.
Two switches situated next to the Doppler display allow the
pilot to tell the computer when to reset the Doppler
distances to zero and when to.reversetheindic.ation of left

o

,.
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and' right. The latter facility is "required to maintain the
correct sense of the steering data irrespective of whe.ther
th~\.'aircraft tra'ck is towards 9r q.way from the Doppler
origin.

5. MAGNETIC TAPE· RECORDING
.,'

Data are accumu.latedin the memory of the computer
to form ID-second blocks for recordingonmagnetlcfape.
This block size was chosen mainly for compatibilitywith .. the
IQ-second fiducial timing system. With blocks of this size,
the total loss of a block 'in, the event of ;i.rrecovera.ble
recording 'errors can be tolerate~.

To simplify later processing I of the field data
tapes in a large-sca-le computer system (currently .. CSIRO's
CDC 36QQ and CYBER 76 computers>', " a.nd, ,also to lessen the
dependence on a particular computer system, a simple binary
format was chosen for the field tape. All data are rec::orded
in the form of 24~bit binary words, with. 116 words per
record. Achecksum word, being the arithmetic sum of all
the data words in the block, is appel1dedtothc/recorda.rid
is used as a validity check when ·the record isread'by the
field data processing programs. Records having checksum
errors are ignored. "As error rates are very low it is
generally not necessary to manually recover data contained
in bad blocks.

A IQ-second data record occupies about 7.5 cm of
tape. A 12QD-foot reel of tape would allow 13 hours of
recording - double the maximum flight endurahce

One of the prime adva.n tagEks of the cornputer­
controlled acquisition system is the considerable amoun;t of
checking incorporated in the magnetic tape recording phase
of the operations. Two levels of checking have been
implemented. Firstly the Kennedytape transport has a read-.
after-write facility (fflux check') that allows certain
types of writing errors to be detected as .writing bikes
place. On completion of a write opei~ationthe'flux check'
will indicate if \any errors were detected in the recording
of that block of data.

When a 'flu.x check' error occ'urs,the computer
rewrites the data record on a new seCtion of ,tape,'l~aving
the incorrect record in situ. Three such attempts are
allowed before a. dat.a block is abandoned. ,The . computer
notifies the operator of 'flux check' .errors by incrementing
a counter on the timer un.i t. ",'
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The second level of checkin~i~ done on a small
sample of data blocks .. After a record has been. written,
with no 'flux check' error, the.tape:transportbackspacrs
over the data record and. reads the recorded information back
into the computer memory, where i tis checked bitby bit'
against the original version, still' retained .. ini:he
computer. If errors are detected the record is rewritten,
as it is for a 'flux check' error. The check reading
process is invoked from time to time by operator action
(setting bit 0 of the computer switch register)l:>ut an
option allows for automatic check reading ata predetermined
sample rate.

6. RESULTS AND CONCLUSIONS

Two serious problems ..... appeared ·.. inthe first> few
months of operation. Both occurred at infrequent intervals
and affected the computer input/output system.' Thernore
common trouble produced a condition where all .. ,comput.er-.
controlled data transfers ceased~ . The.otherproblem,a1.ffiost
as serious, prevented the recording of ...<:lata .onto magnetic
tape because the tape recorder returned 'busy' . statusindef­
initely to the computer..' Small modifications to the comput­
er program allowed the compute:r to recognize the symptoms of
both these problems and automatically re-initiate input/
output with little or no loss of data.

Since these problems were cleared up the operation
of the system has been completE';lysatis~a9tory•. Therelia­
bili ty of individual system sub~'unitshas been ex~eptional;ly

high. Magnetic tape has. proyed to be a . very .. reliable
recording medi urn. A sample check .·.. pn system performance
showed that only 12 outs>f 27. 000 records> contained timing
or recording errors. As this sample size is eqtlivalentto
the data produced in 75 hours of survey flying, '~rror-free
flights are common. .

A number of smar'limprovements to the acquisition
system. are c..lrrently planned•. A light-weight < thermal.
printer and keyboard has been acquired .andwill .. be.ihterfac­
ed to. the computer. This will .. provide greatly.increased
communication al:dil1 teraction l:>etwe~nthe . system and the
operator dtiringflight, and also will Cillowbetterchecking
and playback of recorded data. after a survey flight. 'It is
also planned to increase the'2:, resolution ,of.' the ····.·.'recorded
Doppler co:"'ordinates ';by.a factor of ID to give distances in
metres. This may improve the accuracy of . line/tie cross­
over positions extracted from the boppler data in the course
of data reduction~
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It is expected tha·t further changes will be made
from time to time as the system evolves and further exper,;..
ience accumulates.

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

(a) The comprehensive checking of recorded data,
making use of the 'flux check~ facility and· the
backspac~-and-readoption.

(b) The conversion of data to
words, and the inclusion of
recording on magne~ic tape.

fixed-length .binary
a checksumword.when

(c) The availability of the computer for Dopp'ler
navigation calculations.

(d) The relative ease of making changes to the con­
trolling software.

The current workload on the computer 1S very low:
probably only one to two percent of th~aOVctilable90lUPuter

time is usefully spent. This unused computer time could . be
used for background tasks , but at presentthere .... ·.···.does not
appear to be much scope for this" ·line of development·· in the
aircraft environment. .

Some disadvantages of this system are also appar­
ent, mainly the higher initial' cost.andthelargephysical
size and weight of the computer. Both· these disadvantages
are likely to disappear inth~. futllre, 9-5 mini-computers are
rapidly becoming smaller and cheaper.
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TECHNICAL SPECIFIC.Z\.TIONS: DATA ACQUISITIO}! EQUIPMENT

Hewlett-Packard 2ll4B

8192 words

'16 bits

2 microseconds

Make & mOdel:

Memory size:

Word size:

Cycle time:

Digital computer

Digital input mUltiplexer

"M3.ke &, model:

Number of
channels:

Word size:

Hewlett-Packard 12566A

16

16 bits

Hewlett-Packard

16

10 bitsiriC1l1ding
bit '

-10 to +10 valets

Kennedy 1600, RH 7""7~l:'ack

incremental recorder
with .', flux'check'
option

NRZJ:m9deat 20pbPi.,
even or add parity

500characters)per second

100'0 characters
second

Writing rate:

ReaCiing rate:

Recording:

',;

Make & model:

Digital-ta-analogue multiplexer

Make & model:

Number af
channels:

Word size:

Output voltage:

Magnetic tape recorder

/'
,. .:,

.-;,-.~_~;";;:;.;:;.-.:,,;, ;F'- ;;:-,,;~.-;'~==:"~=~7".-~;";;-::.:c..;:;:::.:;::~::..;·::;·~~;·.:::::::;:;';.'::'-"==-:;==;=';;:':':,;"",-:::=;~=='_~~'O:--=;..:.;:(:=- ..::_;;-.:-=c:;.;=-===.;::-.;.;;,.:o::;",~",.-=.::.~::~/i! ;=;=--..'.:.:.;;.:o:;_.;;.~ __ ..:,.i==:::;=.;'==-;;=~_,=:::.c-"",";=-..:;::.:':::-';
. 1-'
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AI-PENDIX 2

,
DATA ACQUISITION PROGRAM: ,ASSEMBLY LANGUAGE LISTING
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NAH BMGV2

A SHORT TIME AFTEH A TIMER INTERRUPT HAS OCCURED THE MAIN PROGRAM·WILL DETECT THAT HORE REAUINGS ARE~AITING. THE REAnrNOS ARE ~ ..TRANSfERRED TO A CYCLIC HOLDING BUFFER. THE PRoGRAM HAS FOUR OFT~ESE BUfFERS WfllCH ARE USED ON ACYCLIC BASIS. EACH BuffER HOLDSDATA ACQUIRED OVER A 10 seCOND FIDUCIAL PERIOD,

T~E MAIN PRORGAll CONSISTS Of 'A LOOP THAT tONTINUALLV MONITORS THEC~~RENT STATUS OF DATA AcaUIS~TION AND DA~A OUTPUTONTOHAGNET!CTAoE, If T~E AVAILIBILITY or DATA MEANS T~AT WORK CAN BE DONE INo~e Of THESE AREAS THAT JOB IS OONE, OTHE~WISE CONTROL PASSES ONARIJUNIl THE L.OOP, NORMALLY THIS LOOP IS COt-lJ'LETEDTHOUSAND~Or:TPIES ?ER SECOND .. THAT IS T;';E cOMPlJTER .SP,fNOS A LArtGE PAR.T or !isTI~E ~AITING fOR WORK, . . \ i

{' ::H.P 21148 DIGITAL COHPUTER WITH 8K ~r.HO~Y
9HR AIRCRAfT TIMER NZAl . ' ..y.P 16 C"4ANNEL. 0 IQ IT AL INPUT HUL. TIFLF.XER'y.p 16 C~ANNEL. DIGITAL TO ANALOGUE DUTPl? MULTIPLEXERKE~jNEOY 1600 READ/WR lYE INCREMeNTAL MAG'I\F;TIC TAPE RECORDERy.P 40 aIT OUTPUT REGISTER )
16 BIT, INPUT/OUTPUT INTl:RfACE/1,

AT THE SAME TIME MAGNETOHETER, GAHMA-RA~ SPEcTROMfTER ANDAL. TIHETER READINGS ARE OUTPUT TO THE D/A CO'JVERTERPRODUCINGVOLTAGE ANALOGUES or THE UEOPHYSICAL DATA W~ICH IS DISPLAYED ONC"'ARTRECoROERS PROVIDING A USEFUL RECOR.o AS WELL AS BEING A'VI5UAL~ONITOR OF SYSTEM OPERATI~N~ ~OPP~ER ALONG AND CROSS TRACK 0COORDINATES ARE CALCULATEUAND THE PILOT~ DoPPLER OISPLAY!S . aU~JATED. DOPPL.ER POSITION AT THE START O~THE flDUCUAL PERIOD SSTORED FOR INCLUSiON ON THE MAGNETIC TAP~. . r

~~~R6~~i~E I~~i~~~P[~N;~~L H~tNT~~og~~~u~~~R'~N~' ~E;~~o~r~' R~a~i~~~ALnATA CHANNELS STORING THE READINGS IN THE l~PUTBUFrER. THE'lArlNETO;~ETER IS REAIJ 5 TIMES PER SECOND Bur, ALL OTHER CHANNELS4RESA'IPLED ONCE PERSECQND, A SPECIAl. COUNTER~I5 INCREMENTED
I~J[CATING TO THE MAIN PROGRAM THAI READINGS ARE AVAILAB~E.CO'ITROL THEN RETURNS TO T';lE MAIN PROGRAM AT THE POINT OF INTERRUPT

0002 00000
0003--­
00040 JEOPHYSICA/' DATA ACQUISITION.PROGRAH fORiHE"ILEU-PACKARD 211480005- DIGITAL COMPUTER INSTALLED IN SURVEY ArRCRA~T V~-B~G
0006-
0001- SYSTEM HARDWARE CUNflGURATION •
0008­
0009­
0010­
OOU­
0012­
0013­
0014­
0015­
0016­
0017- SI~PLE OUTLINE OF PROGRAM OPERATION
001 S ­
0019-
002U­
002t ..
0022­
0023­
0024­
0025­
0026­
0027­
0028­
0029­
on30­
0031­
0032­
0033­
0034.
0035­
on36­
on37­
003A*
0039­
On40­
oCl4 t*
01)42­
0043­
0044­
0045­
0046­
0047­
0048-
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0051­
0052­
0053­
0054­
0055­
0056­
0057­
0058­
0059­
On. 6 0"
0061­
0062­
1)063"
0064­
0065­
006~­

0067­
0068-

4T THE END Of A noucIAL INTERVAL THE CURRENT CYCLIC BlJfFER ISFULL, UP AND IS FLAGGED rl'~ OUTPUT ONTO HAGNETIC TAPE, THE FLO\'/ OFI~PUT DATA IS SWITCHED rOsTART FILLING THE NEXT 8UFFEP~ THEMA3NETIC TAPE OUTPUT ROU11NE NOTICES \./HEN A FULL CYCLIC BUFFER ISA.\I A I LAALE ANU COI1MENCESYHE PROCESS OF OUTPUT I NG THAT BLOCK OF[lA TA ONTO TAPE. DA TA" SiORI::D IN BCD FORHA T IS CONVI:RTED TO 24 BH'BI"JARY FOR~lAT AUD TH,t,NSFEHRED TO THE MAGNETIC TAPE OUTPUT,BUFFF.R,A CHECKSUM 1oI0Rr USED FORCHECI'\ I NG OUR PIG PROCESS I NG : N, CANBERRAIS ADDED AND THE tiLOCK OF DATA IS WRITTEN ONTO TAPE AS ONE RECORD,ALL HT REcOROER OPERATIONS USE TH~INTERRUPTSYSTE~,ALLO~INa PROCESSING TO OV~RLAP ~ITH INPUT/OUTPUT, WHEN THE WRIT6a~ERATION IS CONPL~TE THE STATUS OF THE KENNEDY RECORDER
FL~X-CHECK FACILITY IS UStD TO D~TECT IF ANY ERRORS WERE MADE IN.,"ITING THAT BLOCK. !I=" }!IIERROR IS DETECTEDANOTHER,ATTEHPT IS
fjAi)E AT RECORDlflG The BLOCK, THREE ATTF.HPTS ARE ALLOWED BEfORETIolE BLOCK IS ABA/IltJormF.D, AS A FURTHER CHECK A RECORD CAN BE READ8ACK INTO THI: cnHPUTERAND COMPARED WITH THE ORIGINAL DATA,

MULTIPLEXER CHA~NfL ASSIGNMENTS AND CHART PECORDEHSENSITIVI~IF.S

[J/A HULTIPLEXER

HAG 250 GAHHAS FSD
/"lAG 50U ClAH~lAS FSD
HA~ 1000 GAMMAS rSD

ALT! TUDE 500 METRES rSD
TOTAL COUNT 1000 rSD

K 250 COUNTS FSD
iUl00 COUNTS FSO
T~ 100. COUNTS rSD

DOPPLER CROSS TRACK DC
CHAfH SP,HD' CONTROL

INPUT MULtIPLEXER

1 MOST SIGNIFICANT HAG
2 LOwER 4 HAG DIGITS
3 ~AD I 0 ALT I METER
4 FIDUCIAL NUMAER
5 TOTAL COUNT
6 POTASSIUM COUNT
7 URANIUM COUNT
8 THOR I U~l COUNT'
9 DOPPLER ALONG TRACK

10 DOPPLER CROSS' TRACK
11 FLIGHT NUMBER

CHAN'/EL

0070­
0071­
0072­
0073­
0074 ­
0075-
0"76 ­
0077­
D07a­
0079 ­
onBU­
00B1­
00B2­
I)ClBJ-
0084 -

OCl86­
OOE37­
:J08B­
0089­
009U­
0091­
0092­
0093­
on94.
0095.

cnHPIJT[;R I/O SL,oT ASS I GNMENTS

10 HICROCIRClnT INTE~FACE
11 IrJPUT MULTIPLEXER;~ rWN .INTERRUPT DEVICE12 D/A MULTIPLEXER - NON INT~RRUPT DEVICE13 TELEPR H/T!:R, UN IT REFERENCE 7
14 KE~NEDY RECORDER, UNIT REFEREijCE 10
15 PAPER TAPE READER, UNITREFERENCE~l
16 4081T nEUIsJER - NON INTERRUPT DEVICE
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CHECKSUtl WOR D

BL.OCK NUMBER
ATTEMPT NUMBER
UOPPLERALONG TRACK
DOPPL.ERCROSS TRACK

ALTITUDE
FIDUCIAl. NUHBER
TOTAL COUNT
POTASSIUM COUNT
URANIUM COUNT
THORIUM COlHJT
MAGNETOMETER READ I NG AT, 0.0 ;SEC
MAGNETOMETEP READING AT 0~2 SEC
MAGNETOMETER READING AT 0;4 SEC,
MAGNETOHETER READING AT 0;6 SEC
MAGNETOMETER READING AT O~~ SEC

5
6
7
8
9

10
11,
12
13
14
1'5

115

DATA FOR FIRST StCONn OF FIDUnIAL PERIOD

DATA FOR NEXT9.. SECOtJDS IN WORns 16-114 REP~,TITlON OF"
SEOUENCE rOR FIRST SF.COND

WORD 1
2
3
4

DATA RECORDS HAVE A SIMPL.E BINARY FORMAT WITH ALL INFORMATION
C~~TAINED IN 24 BIT BINARY WORDS, THE ORDER or INfORMATION WITHIN
A R~CORD IS SET ouT BELOW,

ALL RECORDINu IS IN ODD PARITY. THE fIRST INFORMATION ON THE TAPE
IS THE FLI GHT HEADER, TH IS RECORD. IS ,80 CHARACTERS IN L.ENGTH AND
CO:HAINS THE FLIGHT NUMBER,SURVEY DATA IS RECORDED. IN 460
C~ARACTER RECORDS, ONE RECORD.IS<PRODUCED EVERY iO SECOfJUS,' SURVEY
LI'JES ARE SEPARATH BY ENU.OF,.FIL:ERECORDS AND THE FLIGHT IS
CO\JCL.UDED BY 2 CONScCUTIVt EOF RECDRQS

0098 ••••• MAG~ETIC TAPE FORMAT •••••
0099·
0100­
Ot01­
01 r,2­
01J3.
O~, 04­
O'~ 05·
0,;,06-e
0107*
0108­
0109­
0110­
Ot11­
0112­
0t13­
o1J ' •
01. " ') ..
01. ~

01:' "
011S­
0t19­
0120­
0,21­
0122­
01236
01.24*
0125.
0126.
0127.
0128­
!l1~9­

0130.
0131*
0132·
1J133.



PAGE 0005 01 ••• " i 'l8QRNE DATA ACQU I SIT ION PROGRA~2216tfP"·

I1JITIAL!SE DOPPLI::R, ROUTINE

INI~JALISE CYCLIC HOLDIN~ BUFFER
SET INPUT BUFFER ADDRESS

SF.TOUlPUT BUFFER ADDRESS

<;ET BUFFER STATUS, WORD :.DDRF.SS

CLEAR BUFFER STATUS WORDS

CLEAP HTnUTPUJoROUTIN~

CLEAR'MICROCIRCUIT'lNTERFACE
TURN ON INTERRUPT SYSTEM
cLEARSYSTEH

LINE ON,FLAG
LINE END CHART CALIRRAj'E FLAG
SHORT BLOCK FLAG '
INTERRUPT DATA INPUT COUNTER

'i

BMG1
,IOC"DINIT,DOPOO
BUf! N (200) , BUF AC1 j or, RUFB( 170 ), SUFe C170 )
BUFO(170),BUFY(235),BUFZ(235)

POINT
CADD
SADD

Bt:GIN
BOUTl
BLOUT
wt-q TA
MTFN

P
R
:rD3
P1

TAB·1
TAB~4

TAB·7
,TAB·10
LINE
Lt:C
SfLAG
TOTAL
CALl
CAL3
CALS

ENT
EXT
COM
COM
NOP

CLoC HCR,C
STF 0
JSg .10c,
OCT 0

L.OA
STA
STA
INA
STA
STA
ADA
STA
CLA
STA
STA
STA
STA
STA

"STA
STA
STA
STA
STA
STA
INA
STA
STA
STA
l,DA
STA
CLA
STA HTFl.G
STA MHN2
LOA Rt:ADC
CHA,INA
STARCNT~

JSB DINIT
DEF' .·5
D~F' K3
OH L.I NF.
OEF INPUT
DEF' DLlATAUISPA

107710
102100
016001 X
000000

0136
013'
0138
0139
0140 00000 000000 8r1G"
01"1~··

014~. RESET PROGRAM STARTING CONDITIONS
0143···
014<4 00001
0145 00002
0146 00003
Ot47 (J0004
0148···
0149. SET INPUT ANU OUTPUT POINTERS TO THE FIRST CYCLIC BUFFER
0150. SA DD ANi> CADU CONTAIN 81 lfFER STARTING ADDRESS, P AND R
015h CO'nAIN ADDRESS OF BUFfER STATUS wORD, Pl POINTS TO
0152. STATUS WORD Of THE NEXT CYCLIC BUFFER
0153 •••
0154 OOOO~ 060014~

Oi55 00006 070026~

Oi56 00001 070027~

0157 00010 n02004
0158 00011 070u2uo
0159 00012 070022~

0160 00013 042023R
Oi61 00014 070021~

0162 00015 002400
016~ 00016 070002~

0164 00017 070005~

016~ 00020 0700l0~

OL66 OOJ21 070013~

Q16' 00022 0700538
0168 00023 0700948
0~69 00024 0700623
0~7ry 00025 0700638
0171 OO~26 070050~

0172 00027 070052~

0173 00030 070066~

Ot74 00031 002004
0175 00032 070061~

0176 00033 070073~

Ot7' 00034 0700718
Ot78 00035 063166R
0179 00036 073164 R
0,80 00037 002400
0181 00040 070103~

0182 00041 070074B
0183 00042 Oo3274R
018~ 00043 003004
018'3 00044 0700728
0186 00045 016002X
0187 00046 OU0053R
0188 OO~47 000032B
0189 00050 00005JB
Ot9U 00051 OnOG35B
0~91 00052 O~1746H



PAGE 0006 01 ••• AIR~ORNE DATA ACQUISITION PROGRAM 22/6/73 £ ••

c

CLF.AR SWITCH REGISTER
IS RIT 15 or SWITCH REG 5 T?
YESCONTI~UE RECORDING

ILLEGAL S~ITCH REGISTER - SET
CORRECTLvANDToUCH RUN TO GO

RE\-I I 'ID MT ArID LOAD FORWARD TO
A[GINNING OF TAPE MARKER

REQUEST RF.JECT.EIJ

ISOLA TE SF-COND UI GIT

GET ~TATUS

REAO FLIGf<T NO, FROM THUH8WHF.ELS.
, ,:;)

ISOLATE FIRSTDJGli
,."ERGF. IN L:HARAGn:.R 1

REAny?
NO~KEEP LOOPING
STR:JRF. DATA INTO r~px INPUTS
SELEGTCHANNEL 11

sTORF. IN LA[1Cl

=817
TT1
:tl1~433

FLNO+l

CPA :t. I 00000
';'lP AAl
SZA.RSS
JHP -'·3
HLT 0
JHP SW,1EG
JSB .Iu~.

OCT OJ04.0
HLT 338
NOP
NOP
JSB • I OC.
aCT 040010
SSA
JHP .~3

STC Hf'X,C
L.VA =H2000
OTA MPX
LI A Hf'X
Al.F,AL,F
ST·\ 1
AND =.U17
IOR =1:126400
ADA :H33
STA FLNO
L,DA 1
AL.F
STA 1
MID =817
ALF rAL.F
STA TTl
LOA 1
AL.F
AfW
IOR
ADA
STA

REO/HT

SWREG L,IA 1
CL.B

102501
006400
106601
05202 4 f.1.

0?,6142R
002iJ03
0260641-1
102000
0?605JR
016001 X
030410
102033
000000
000000
016001X
040010
002020
026071 R
103711
062025f{
102611
102511
00172 7.
0l00D!
C120?6f{
D3Z0?7f{
042u30R
073756R
060001
:)U171JO
0700J!
012026f{
001727
070041ti
0600:)1
0.)1700
012u2f>R
OJ004Hl
04203110<
C73757F/

0194 •••
Ot95. EXAllINE SwlTGH PEU!STER, IF ZERO, TAPE IS REWOl!1';D TO LOAD POINT AN
0,96. 'icAIlER nEcOfW IS ',RITTEN ~ THIS IS NORMAL STARTING PROCEDURE.
0197* IF BIT 15 IS seT TAPE IS NOT RE ..... OUND A~IO NO HEADER IS RECORDED
)198. T~IS PROCEDURE IS USED rORRESTARTING PROGRAM DURING A SURVEY
0199. rLIGflT ~IT~OUT OVERWRITING PREVIOUSLY nEcoRnEDDATA
020U···
0;:.01 OU053
0"02 00054
0203 QUD55
0204 00056
0'.05 OU057
0206 OLi060
0207 00061
o" 0 9 0 .1 0 62
0209 00063
onu OOOn4
0211 OUOn5
0'12 QOD66
0213 00067
0::'1.4 00070
0215 our71
0'.16 Ou072
0<'17 00073
('In8 00074
0219 OU075
022U 001)76
!J221 !Joon
0'22 00100
0223 00101
0(124\ OU111Z
"'25 00103
0'26 00104
1)227 Oll10 5
0?2tl 00106
0229 01J1.\)7
a? 3 U Cif) 11 0
0,31 JQll1
0" 3 2 \) 'J 112
0?33 OiJ113
0?3 4 00114
l)".3" :l't115
'),3'<' O'J116
0?~7 Oli117
O? 38 !J "12 il
0,,39 JII!;:!
:1'4 U 'J'1122
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GET STATUS

wRITE HEADER RECORD ON HT
REQUEST REJ~CTEU 8y ,IOC,-TillS· SrOLJLD /~or OCCUR

READV?
NO - KEEP LOOPING
POSITION ~RllE ENABLE 8ITTEST
wRIH; ENAt1LERINGMISSPJG
POSITIONFLUXCH~CK BITTEST
wRITE ERROR K~E~ TRYI~GESTAnLlsH INIERHUPT LINK

sF-T r:oNrRnLot\ LiPIO lrJTERFAGF.THE~; f:~JTCI 11'AI NPriOGRAH LOOP"

JS8 .IOC,
aCT 20110
HLT 7U
DEF LABEL
DEC -tiO
JS8 .IOC.
aCT 04001LJ
SSA
J/lP .-3
RAR.RAR
Sl.A
HL T 110
RAL
SLA
JllP Rf:\oInT
LOA AJS!lI
STA MGR
STC MCR.C
.jIlP AAA

AA!

024:3 •• •
0244. fL lGHT NU11BER IS PART or dO CHARACTER HEADER RECOfW - CODE IS0245. CCC 7601) BCD, THE F" I R5T 10 CHARACTERS /IHE FU GHT123. THE REST0246. OF" TH~ HECORDIS ULANK CHARACTERS,0247.··
0248 00123 016001X0249 00124 020110
0250 001?5 1Q2uC7
0251 001?6 001753R
0252 00127 177660
0253 00130 016001X
0254 00131 040010
0255 00132 002020
0256 00133 026130H
0257 00134 0~132J
O?5~ on135 OOOU10
0259 OU1J6 102011
026U OU1J7 OU12aO
026~ 00140 OU0010
0?6Z 00141 026U~4~
1)26.5 0 1)1',2 G6374~R
0264 QU143 070Ul~
026'5 00144 1U371~J
O?66 0~145 026277R



PA~~ 0008 01 ••• AIN80RNE DATA ~CaUISITION PROGRAM 22/6/73 •••

FGR TIMER ItJTERRUPTS - TIMER SETS FLAG ON HCR INTERFACE
S~: CAUSING INTWRUPT ROUTINE TO READ AND STORE DATA

D,JOODO
0700 4 5f:l
074tJ46f:l
OJ1520
1022(11
002004
0700478
lU3711
062276R
C72275R
102510
001300
~70035l::l

C02u?O
026200R
060u718
CIJ2GJ3
()26?24R
060073~

0021)['2
0262611-1
C'J20114
D70073l::l
(l"0035H
032(J2~R

870035t!
C:J 2 4 ~ 0
a?621?
'J60071~

'JiJ20C2
026?UK
0,)2400
07 00 638
102084
D7C062~

CL124:l0
iJ7007Jt:i
('70071[1
OoGOi5Ci
C7CO:i.6r<
C'62032R
:'70()30~

0034~0

rJ70U311:l
D60U35:!
lJ7C064l::l

K2
ll'oIPUT
S~TAT

SAV~O

MPX,C
TIMF.F
TIMEc
MGR

SAVE REGISTERS

YES
/110- SET SHORT ~LOCK FLAG

(1 UT PtJ T RE h D CO MHAND TO I NPU'!' . ;1 Px.
RESF~ INTERRUPT FAIL COUNTER

GET SVSTEII CONTROL riA TA

SAVE
IS THF 10 SECOND 81T ON?
yES

ARE R~ADl~DS TOc&E ACCEPTED?
YES "
10 SEC SIGNAL HASBEE~ HISSED
IS THIS lSTTIHE:?
~O-WAI~ FOR lU SECSIGNA~
yES ..:. PF' TErJD TH I S I S A 10 'SEC
INTERR~" r AND CUNTI~UEON nUT
onLY oNCF.", NO FURTHER BLOCKS

UllT ILlD SEC PULSE SEEN

SET ADDRESS POIN1ERTQ START or
THE ltITSP.RUPT.. BuFFER

sF.T 10 SEc TI HI I~G COU~ITER

SET 1 SEC TI~ING COUNTER
GET :;YSTEI~ S.1 ATUS AT START or

10 SEC BLOCK AND SAVE

/
LAST 10 SECRLOC" COME(ETE

INTERRUPT PROCESSOR
----I>.
------B--------E---------,,0

80UTl
If'olPUT
=tl100QOU
INPUT

BOUTl
6LOUT
lHUFF
IU8UF
=1J·50
Kl

I ~ITKR NOP
STA SAVA
STS SAVrl
ERA,AL.S
SOC
I fJA
STA
STC
LOA
SH
L1A
RAR
STA INPUT
SSA
J~lP ST AR8
Ll)A SL.OIJT
SZA,RSS
JrlP Rl:AlJ
L.OA BUUTl
SZA
J~lP RETRN
INA
STA
LDA
lOR
STA
Cl.A
JIlP Bl.OK+2

STAH8 LlJA 8LOUr
"SZA
;IJIiP tiLe"
CLA
ST ~ TUTAL
ItJA
STA SFLAG

bLor, Cl-A
STA
STA
LDA
STA
LOA
STA
CCA
STA
LOA
ST.A

0::,70···
0271. P~!)CEssrJR

0,,72* E"'=RY 0,2
0::' 7.~·.·
0274 0 11 146
0(175 OU147
a,,76 Ou15D
0::'.77 OU151
n711 01)152
0279 0'J153
;)280 00154
J281 011155
0::'.82 00156
0283 00157
0284 OfJ1flO
028<; :)11161
Cl::' aIi 0 IJ 16?
rl::'87 001lJ3
0?8R OU164
0?8Q :)11105
0,,90 ( /)106
0291 OtJ 167
n92 00170
.129300171
0294 011172
rJ295 I) ,j173
0?96 0'1174
,1297 011175
:1?91\ QU176
IJ?~<; 00177
n~olJ :)d?UO
Cl 3 0 1 IJ I) 2 01
J~O?' OtJ?G2
(PO.~ [lflZ03
:]:>,14 (L1~1J4

1~O") Ou?05
.1:»1) IJ02116
J~07 01/207
0..'020 1J210
:1:>0<; 0'1211
[1~11J On~12

J~ll .)021.3
):>12 ')'.1214
OH3 00215
0"\1<1 OJ216
OH? '11.1217
[1.316 ')1)220
0317 002;?1
0~18 00222
031.9 011223
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0322
0323
032<4
Q325
0326
iI ~;!7
032S
0329
0330
0;531
0332
0333
0~34

0335
0336
(!~31

0338
0339
0340
0341
0342
0343
0344
0345
03,,6
OH1
0348
0349
0350
0351
0352
0353
0354
0355
0356
0351
0358
0359
0360
0361
0362

00224 034031~

00225 026242R
00226 066033R
00227 062034R
00230 070076~

00231 106611
(l0232 005200
00233 102511
00234 170016!:l
00235 03401611
00?,36 034076i:l
00237 026231R
00240 062035R
00241 070031~

00?,42 006404
00243 106611
00244 005200
00245 102511
00246 170016t::l
00247 0340168
00250 106611
00251 102511
00252 1700168
00253 034016~

00254 03406311
00255 034030t::l
00256 026261R
00257 002404
00260 070071t::l
00261 0600368
00262 1\)2610
(l0263 002400
00264 0700368
(l0?65 0600 4 7t::l
00266 1031C1
00267 OU0036
00270 102101
00271 C60045f:1
00272 ('640 4 611
00273 103710
00274 126146R

RE:AU I5Z KZ
JHP TSEC
L.OB ;1114
L.OA ::U-8
STA AL.OOP

NCHAN OTB Mf'X
RB.L.
L.IA HPX
STA INBUF.I
ISZ INBUF
(SZ AL.OOP
JHP NCHAN
LoDA :;!J .. ,
STA K2

TSEC CL.8,INB
OTB HPX
RBL.
L.lA MPX
STA INSUF,I
ISZ INBUF
OTB HPX
L.lA MPX
STA INBUF,I
I SZ I rlBUF
ISZ TUTAL
ISZ K1
.P~~_RcTRN
CL.A 'j ..'1A
sTA BL.OUT

RETRN LDA OTPUT
OTA MCR
CLA
STA OTPLJT
LDA SAVEO

. GhQ
ShA,ELA
STF 1
LDA SAVA
LDB SAVe
STC MCR,C
.jMP INTRR. I

IS IT A 1 sEc INTERRUPT?

yES

SEL.ECT MPX CHANNEL.
ROTATE BIT TONEllT CHANNEL
READ SELECTED CHANNEL
STORE IN tNPUT BUffER
BUMP BUFFF.R ADDRESS

BACK rOR ~EXT CHAN

RESET1'SEC COUNTER

SE~ECT CHANNEL 1

READ MAGNETOMETER CHAN 1
STORE
BW1P ADDRfSS
SELECT CHANNEL. 2
READ HAG cHANNEL 2
STORE' "
BUMP ADDRr:SS . l

plCREHENT, DATA INPUT COUNTER
59TH. INTERRUPT .. ·S I NCE,10··i.SEC?
NO -TAKE READINGS
yES - seT FLAG TO INDICATE 10
SEC SIGNAL EXPECTED NEX~ TIME
GPIo SYSTfM CONTROL OUTPUT

----F... ----~O RESTORE REGISTERS
• .;------A

:.•~----·--"B
RESET.CQN1ROL'ONGP INTERFACE
RETURN TO ;/ NTERRuP1 EO PROGPAH
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INTERRUPT FAIL COUNTER RU~DOWN?

NO
yES - TIH~RINTERRUPT OVERDUE
TURN oFF' INTERRUPT SYSTEM ANn

CLEAR 10c

NO - ·CONT INlJE AROUND LOOP
yES
ADJlJ~T DATA INPUT COUNTER -'-,.

SET 1 SF.C ~OUNTER

SCINTO RfsET COUNTER

SET 10 sEc COUNTER

sET nLocK Il~ 'pROGRESS FLAG

INPUT BUFrER ~OORESS

RESETj-1T OUTPUT ROuT-INE
TO RE-WRITE ANY PARTLY
CO'~PL.E TEOR ECOR D

I:llJtlP ERROR COUNTER

TURN ON !'ITERRuPTSYSTEf>1
A:j'J 5E::r Cr;NTR,OL ON H~R

SHORT BLDr.K?
yES- PROr::ESSSHORT.flLOCK
NE~nATA ~AI~rNG I~INRUT BUF"FER

, I

START OF" 10 SEC: BLOCK?'
·'NO ("

yES - GET ADDRESSOF'~EXT
Cyr.L! C ;lUF"FEk

SAVE nOPPLER STORAGEADIlRESS
SKIPOVEP DOPPLER STORAGE

.I,,'

AAA ISZ TIHEC
J/1P I NTOK
eLF ,0 ,
JSB I 1OC ,
OCT 0
CI.. A, I i'J A
STA GAP~IT

LDA WI"( IT A

STA MTFN
LUA OTPUT
IOR =U2
STA OTPUT
STF 0
src MGR,C

IrITUK LDA sFLAG
SZA
JrlP StiOflT
LOA TUTAl...
SZA,RSS
JllP MTO
AUA=IJ-1
STA TOTAL
LOA 8t:GIN
SZA,RSS
J/1P 8L.Kl
LUA Q II Oil , !
STA a
$TA DllPAD
AUA =U4
STA al
STA Q2
CCA
STA K4
LOA =u·2
STA Rt:SF.T
LUA =u_50
STA KJ
CI.A
STA BI::GIN
LDA I tlUF"F
STA IiJSF2
LDA SSTAT

00277 O:162 75k
011300 02631:iH
003U1 103100
00302 016QDlX
o03n3 0000':10
00304 Q024114
00305 0701nu
003U6 C63166H
00307 073164k
00310 060036U
01)311 032036H
00312 07003td;
0f)3~3 1U21~0

00314 1Q3710
00315 06Q062CJ
00316 OiJ20n
00317 0267231-<
00320 C600£,3t:l
00121 0020:J3
00322 0271211H
00323 042C37H
00324 07C063t:l
00325 0600b1H
00326 OJ2iJ~3

00~27 0?64?~H

00330·1600?Mi
on3:H C)700~,hl

00332 07267~H
'J 0 3 :~ 3 (1 4 2 0 ~~ :.I H
00334 (l7(10?,4CJ
00335 0700~~!::l

00336 0034·)0
00337 07Q033!::l
00340 Oti20 4 (1H
00341 07C056~
00342 %203?'H
00343 07C03?t1
00344 a024~0

OO~45 070061CJ
003460!'OlJl'Jl:J
00347 (l70017!::l
J0350 ':)(,0064!j

o ~ 65. T I :1F. F" I 3 A VAR I AB LE: wH I r; H MU STa!: An JUS TED ".' HEN CH Atl GE5 ARE HAD E
0366".EFF'cCTlllG TH!: BASIC LOOf' ~REaUI:NCY OF THE MAIN PROGRAM,
0367 ·00275 OOOO~O TIHI:C NOP
OJ68 00276 16000U TIMtF OCT 1bOOOO
0369 •••
O~70. ThE FOLLowI~U SECTION Of THE PkOGRAH CHECKS IFDATA1S
0371* '..It.JTPJG Ii~ THf li~r'UT BUfTt::R. IF so THE nATA IS TRANSF"ERRED
0372. Te A CYCLIC HOLnl~G BUF"FEH AND ALSO OUTPUT TO O/A FOR ~HART

0373* RECORllEH
0374 •• •
0375
0376
0377
0378
a379
038U
0381
038'1
0383
0384
0385
0386
(J387
0388
0389
0390
0391
0392
0393
0394
0395
0:.'196
0397
0398
0399
0400
0401
0402
0403
0404
;)405
0406
0407
040A
0409
0410
0411
0412
0413
0414
0415
0416
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r:.

!C;F.'IfIEDY IS PHONF: T ERRORS ON FIRST WR I TE Ar:-TER A LONG PAUSE ­
T~IS PR08LEIl IS O~ RCOMf HY WRITING A GAP BEFORE STARTING ~INE

00421 '070101!:l
00422 (l600361:l
00423 032033H
004?4 070036li
004?5 0340331:l !:iL.Kl
00426 026450101
00427 062041H
00430 n70034t:1

REI-IOVE LIIJE ON FLAG

T START
SET IHGAP FLAG
MAGNETOMETERCAlIRRATE

OF L PIE

ONE SECONn READING?
NO

IS AL.INE BEING fL.OWN?
yES
NO HAS 1.IN~JUST ENDED?

yES
GE~ SWITC~REGISTER CONT~NTS
AL.L nITS· SET?

HAS LINE JUSTe STARTED?
NO

NEXT,CYCLIC

NO, SET ABORT FLAG

NO
yES., END THE FLIGHT

WAIT fOR MT OUTPUT TO END
TI-lr:N

cL.EAR SWITCH REGIS~ER
TERMINATE

. SET LINE ENDCAlI8RATE FLAG
SET BUFFE11·STATUS TO -1

TO WRIlE EoFAl END or LINE
M6vE POINTERS TO NEXT BUFFER

STA GAPHT
LDA OTPUT
!OR =84
::T A OTPUT
ISZ K4
.JtlP ,2MAG
LDA =u.6
STA 1(5

Sl.A
JHP SL I Ill:
LOA L.INt:
SZA
,IMP ENDL.I
1.1 A 1
GPA =U.1
RSS
JMP BI.K1
LOA R, I
SZA
JMP BI.Kl
OTA 1
JllP ErJD I T

!:IWL,I CI.A,INA
:.i;rA Lt:CCCA ...
STA p,r
ISZ iJ
L.OA P, I
STA QADll
INA
STA P
IS2 Pi
~:LJA Pj"I
IIJ A
SJA Pi
CLA
STA LINE
,iMP Bl.Kl

5L.INt: I.DA Pi,1
SZA,RSS
I.JMP •• 2
'CLA,IrJA
STA AtiORT
LDAL.INE
SZA
JrlP BLKl
ChA, IrIA
STA LINE:

00351 000010
00352 ('I264J7~

003~3 06GU5:S~

00354 0020n
00355 a26367~

003!J6 102501
0035/ C~2037H

00360 002001
00301 026425101
003621f.>00221:l
00363 002002
00364 026425H
OG3t>5 i0261Jl
00306 027373H
00367 ('024:14
00370 0700548
00371 00341)0
00172 1700201:l
00373 OJ4020H
00374 1600?'UI:l
00375 (l70u261:l
00376 002004
00377 0700201:l
00 4 00 C:l40211:l
00401 160021H
00402 0020D4
00403 0700211:l
00404 0024C10
00405 07c0530
00406 O:!6425H
00407 16C'0?lH
00410 Cll200J
(10411 026413R
00412 0024('14
00413 07004al:l
00414 C60u5,sH
00415 0020n
00416 02642~H

00417 00241)4
01)420 070053U

0419
0420
0421
0"22
IJ "23
0.. 24
0"25
0.. 26
0.27
1)428
0.29
0.. 30
0431
0"32
0433
0 .. 34
0.. 35
0.36
U.. 37
0.38
0.39
0440
04"1
0442
0 .... 3
0.""
,')445
0446
0447
0448
0 .... 9
·)450
0451
0452
a453
0 4 5,"
0"'55
0"'56
0"'57
0"58
0"59­
0460.
0"'61­
0462.
)463
0464
0"65
0.66
::1.67
0"68
0"69
D.70



PAGE 0?12 01 aa. A.! RI:W RtiE DATA ACQUiSiTION PROGRAM 2216173 •••

0473 00431 160(J17tl aIIE.O LDA I,J8F2,I TAKE REAnrNG FROM INPUT~UFFER
047'1 00432 170024B STA rn, I Arm STOflE IN CYCL I CRUFFER0475 0(1433 C34017U ISZ INBF2 gU.l1P ADDRESSES
00476 00434 O:S40241:l ISZ 01
00477 00435 0340341:l ISZ K~

0478 00436 026431H .if·IP ONE,(J
00479 on 437 ltiOO17t1 LDA lilBF2,1 STORE DOPPLERSYNCHRO READINGS04 8 0 00 440 J3401hi ISZ INSF2
0481 00441 07Q077tl STA L::iYN ,ALONG 'TRACK
0482 00442 160017tl LDA ItJ8F2.1
::1483 00443 0,14I017tl ISZ 1''ISF2
U484 00 444 07D1COtl STA XSYN CROSS TRACK
00485 on 445 (\o2035H LOA =/J-5
1486 00 4 46 :·70U33tl STA K4 sF.T Or~E SECOND COUNTER
0487 00447 C7C065tl STA 'ONES
0.. 88 00 4~ 0 160017ti ,?MAG LOA IllBF2, I TRA~SFER~AGNETOMETE~ DINCiS
0489 on 451 0;13010 CIlA CClHPL £: ~1 E~J T DANA LOGIC,'
3"9u 004~2 1700?,4t1 STA 01, I
0491 on453 C,14U17tl I5Z I NBFC
:)492 00454 (\34024tl 15Z Q1
0 .. 93 on 455 160017tl LOA INBf2,1
0.. 94 004~6 CiJ3UDO CHA
0495 oo4~7 1700241:l STA CU , I
0496 :) 0 <I (I 0 034U171:l 15Z lo"JaF2
H97 00 4 01 ,:.~ 40:2 <I t:l 15Z 01



PAGE 0013 02 **. APHWRIlE DATA ACQUISITIiHJ PROGRAH,22/6173."

VES

LINE INP110GRESS?

vES

LINE END cALIBRATE?

yES - START FULL SCALE GAL

NO

OUTPlJT ZERO ON ALL. CI1ANNELS

NO

CA~IRRATE IN PROGRESS?

NO
GET Sw !Tell REG I STER
IS CALIBRATE BIT SET?

YES
, . ,,/'...;::

STAR! OF fO SEc BL.OCK?

SET ~ SECn~O COUNTER
5 5F.C UP?

DO (~ULL SCALE PART NOW
START OF r.ALI8RATE CYCLE?

LeC
CAll
CAL3

CALS
CtlCHO
CALS

LINi
1
:U2

L,DA L.l NE
SZA
JllP UNi
L.1JA LI:C
SZA,R:lS,
JflP CtlCIi
CL.A
STA
STA
STA
INA
STA
J~lP

LDA
SZA
.J~IP

l.OA
ePA
HSS
JtlP
I. I A
CPA
RSS
;J"lP Ll Ni
t;LA,IfIA
STA GALS
LOA CAL.3
SLA
JIJp GllCH5
LVA CALl
SZA
JIH' ..5
r; L to I I I1 A
STA CALl
LnA :LJo25
STA CAL2
152 CAL.?
JllP 'CrlCHl
CLA,I'IA
STA CAL.3
,;rlP .+3
CLb
JIIP CAL.CH

CIlCtlO

OliC05;St:i
002U02
026556H
060054t:i
002uG3
0?,6477H
O1l24CO
0700!54t:i
07(1050tl
0701152t:i
002U04
07COb6t:i
0265141-1
06006C~CllC;t
0020';>
026514H
D60032ti
0'.>20321-1
00200j,
0265561-1
1025"01
0'32036H
0020n
026556H
0;12404
070u66t:i
0(,005?t:i
0.J20~;~

026535P.
06005G~

CU2002
O?'65?GH
(1024':"
07005lH:l
(' (,? v4?H
C7()U5~~

!J341)51ti
C?6533H
C024~4

C70ur;?~

026'335H
0064GO
026553H

0001·**
oEl 0 2* Fa LL. QwPIG Sl:C T I ON CON TR OL. S DA TA OUTPU TT 0 CfJ ARTREG OR Df.RS, THE 3
0003. LEAST SI,G~J!rIGAIlT DIGITS of EACH l1A'TI\ CHANNEL ARE CONVERTED TO
0004* BI'JARY ArJOouTPUT TO ll/A CONVERTER" CHART RFCORDERSAflF. ADJUSTED
0005* TO 4,Cl9 VOLT~ FOR FULL, SPAN, GAL.ltlRATE fACIl.ITV IS PROVIDED
000:6* >J~ERE8Y ZERO AND FULL SCALE IS OUTPUT To Al.L RECORDF.RS TQALLOW
O!l07* ACJlJSTt'ENTS TO liE MADE \~HcN !:lIT 1 of SWITcH REGISTER IS, SET, AT
0008* E~J OF L.INE ZERO IS OUTPUT FOR 5 SEC rULL ScALE FOR 5 5EC,
O!l09*.*
0010 00462
01111 (10463
OU2 0,0464
0013 00465
iJ!J14 00406
J()15 OO~67

J6H (10470
(1)17 00 4 71
0018 00472
3019 00473
0020 00474
0021 00 4 75
0622 00476
OEl23 00477
:)024 00500
QEl25 00501
OEl26 00502
0027 00503
0028 005U4
0029 00505
0630 00'506
OEl31 005U7
:)632 005.1,0
0633 00511
O!J34 00512
0035 011513
003" 00514
0037 00515
0038 00516
O!l39 l)0~17

:)040 00:;20
;) 041 :l05?1
0642 00'522
D!l43 00523
J044 iJ05?4
1)045 ;)0'525
0046 00'526
0047 00527
0048 00530
oa49 00'531
0050 00532
oa51 0115.53
OEl52 00'534
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OUTpUT Tu CHA~T REC0RnERS ••••

ONE SECOND INTERVAL?

NO - eONT1NUE CALIBRATE
yES'- RESET,CALIBRATEZERO

IS CALI8RATEBIT STII.. LON?

yES - CONTINUE
NO - Cl.EAR eALIBRATE,rl.AG

oUTPUT FULL seALE.ON ALl. ~ENS

START oria SEC BloOCK?

sCALERS RESETP1MEDIAT LY AFTER
10 SECS,') CLEAR LAST EADINGS:

OIJTPLJT TOGHART THROUGH DIA
SKIP OVER FIDUCIAL NUHBER
SP~C'!'ROHE1ERCHANNEL 1
AlJ~P AoDRF SS' '
cO:4vERT ,Tn BINARi
TAKE DIFFRRENCE (' •
AnD 100 COUNTS TO sHIFr BASELINE

rEST IF Nn~ EXCeEDS 1000

TOTAL COU~T 1000 rsD
O~D/A Cf1MJNEL 5

piCK uF·RA R~iD~~G
"BUMPADDRFSS . i
eO:lvER1 ,Tn HI NARY
5nOHE1RERFU~L SCALE AND
[NVERT'A~tITUDE PROFILE

=1l10000
=U4
,UTA

CALl
CAl.3
1
=LJ2
CtiCHO
CALS
UNl
=LJ1000
CALCH
=U"l
I LJ n.
BloKEl

LIIA ONES
SZA,RSS
JtlP Hl:HAR
LDA LHD
STA LHAO
ISZ Re:SET
JtlP NOSET
CLA
STA Lt'!
ST A L~'+l
STA LR·2
STAl!t'l+3
LClA',QI.,I
ISZ :Qc
;JSI3!Sl:DH
JSB F"S500
CMB,I NB
ADS :U1000
LOA =U3
JsB ,UTA
ISZ 02
LOA Qc, I
ISZ Q2
JsB BCDf;l
JSB DcSCL.
ADA =0100
ADS =U.10000
SSB
ADB
LOA
..ISB

NClSf:T

LINl

CflC I15loDA
CPA
RSS
JHP
CL.B
STB
5TB
l.IA
ePA
JHP
STB
,111 P
loDB
JHP
loDA
JSB
JMP

060065ij
002003
026643fo(
06275 6 R
072757R
0:S4056~

026572R
0024;JO
072760R
072?61R
0727c21-/
072763R
160U2513
03402513
017011H
017U42H
0,)7004
0:/160 43R
062U?3H
016764H
0340258
16002:;13
03402:;8
017011H
0167<:51'1
0460 44 R
046045R
006020
046U46R
0020331'1
016764H

0600321:1
0520:52R
002001
026551~

006400
074050!:!
0740521:1
102501
052036~

026514~

074066!:l
0265~6~

C66043~

026553~

062037R
01676 4K
026665~

0lS5 00535
0156 00536
oe57 00537
0158 00540
0.59 00541
0160 005 4 2
0061 00543
0162 00544
oe6J 00545
0164 00546
0065 00547
0166 00550
0067 00551
OD68 00552
OD69 00553
oe70 00554
"071 00555
0072···
0073* GEOPHYSICAL UATA
01:174· .. •
0!J75 00556
0076 00557
0077 005t>0
oe78 00561
0079 00562
01180 00563
0081 00564
0082 00565
01:183 00566
0084 00567
0085 00570
0086 00571
0087 00572
oe88 00573
OD89 00574
H90 00575
0691 00576
0092 005 77
0093 00600
0694 00601
0095 00602
0096 00603
01197 00604
Oll98 00605
0099 00606
0100 00 6 07
0101 00610
Ql02 00611
0103 00612
0104 00613
0105 0061 4
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0108
010 9
0110
!l111
"112
0113
0114
0115
0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0'4.36
0137
0138
0139
J140
01<11
0142
0143
0144
0145
0146
01047

00615 160025Cl
00 6 1 6 034025Cl
00617 017011K
00620 01674~K

00621 017050t-l
00622 0020 47 /1
00623 016764/1
00624 160025Cl
00625 OJ4025Cl
00626 017011H
006?7 01674~H

0063(1 046050H
00631,017057H
o0 (, :~ 2 06 2 051 H
00633 (116764/1
00634 1600~5Cl

00635 03402~Cl

00636 017011/1
006~H 0167 45 /1
00640 ~17057/1

00641 J62052/1
00642 016764/1
00643 16002 5 1:l
00644 070057Cl
00645 CS4025Cl
00646 It>0025Cl
00647 (l70060Cl
00650 034025~

006~1 C17011/1
01)652 077072/1
006~3 O1i203fl/1
00654 016764/1
00655 067072H
006~6 217042H
006~7 G024(J4
00660 ~16764H

00661 067L72fol
00662 017fj50R
00663 002-.:0
')0664 C16764/1

~DA 02,l
ISZ 02
JSB BeDs
JSB ot:SCL
JSB FS250
LDA =LJ5
JS8 ,UTA
LDA 02,1
Isz Q2
JS8 !:It:oB
JSB Dt:SCL.
Aua =1l10
JS8 FS100
LDA =u6
JSB ,uTA
LIJA,Q2,!
15_ 02
JSB 8t:011
JS!:l UI:SCL
JS8 F~100

LOA =lJ7
JSA ,liTA

Mr.I-1AR L[JA Q2,1
STA TPO
ISZ 02
LOA Q~, 1
STA TPO.l
ISZ Q2
JStJ 8CDfi
STB " ST,
LOA =JJ2
JSS ,UT. >
LOB ,tST,
JSB FS500
CLA,.INA
,JSB,UTA
LDS ,tST,
JSB FS250
CL.A
,JSB ,uTA

SPECTROHETER CHANNEL 2

COflVF.RT To BINARY

K COUNT 250F'SD
ON

n/A CHANNEL; 6
SPF.CTROHETER CHANNEL 3

eONV~RT To 81NARy
,. i",

AnD 10 COUNTS TO' SHIFT 8ASELINE
~ COUNT lnO F'SD >,'

OIl olA CHANNEL 7
SPECTRO~ETERCHANN~L 4

COfJVE;RT To BINARY

rH COUNT ioo FSD
ON D/ACHANNELl

;l.. '

GET HOSr SiGNIFICANt ~AG DIGIT
AND SAVE

8U'~P ADDRE.;SS
GET 4 LEAST SIGNIFICANT HAG

TJIGITSAND SAV~
8 UllP ADDRFSS

. cOIJVERT .' .

500 OAHHAS ON 01 CHANNEL 2

250 GAHHAS ON DIA CHANNEL 1



~AaE 0016 J~ ••• AIHdORNE DATA ACauI~ITION PROGRAM 22/6/73 ***

IS. IT A O~JE SEC INTERVAL?

NO

NO
YES,:" F"LAG BUFFER,FOR OUTPUT

I'

OUTPUT TO 40 BIT P:GISTER
END or la SEC BLOCK?
NO

r LY I ',IG L I \E?

PICK uP DOPPLER READI~IGS,rAND
GO TO DOPPLER ROllT I NE ..
ADDRF.SSOF DOPPLER IN BUFFER

MOVE I ~lPUT PO INTERS TO NEXT
CV~L1C BUFFEH·

SET ~TABT NEw 8LOCK FLAG

GO Ta HT ~UTPUT CONTROL SECTION
\-;

DISPA
Rt:G40
1':3
MTO

ONE:S
LSYN
XSYN
DUPOD

P
P1
Pi, I

LOA orH:S
SZA.RSS
J~IP NLJDOP
CLA
STA
LDA
LOB
JSR
NOP
LDB
JSB
ISZ
JMP

LOA LINE:
SlA,RSS
JIH' cLKI::~

CLA,I~~A

STA Pd
ISZ P
L.,lJA P,I
STA eADP
INA
STA
ISl
L. 0 A
IrJA
STA P1
CLA, I NA
STA 8t:;GIN
JHP MTO

NOQOP

DOP"D

I:iLKt:~

0600651:l
0020 r;s
O?'6700H
0024:)0
07006~1:l

D60077!:l
0641001:l
016003X
OOOUOo
066052H
017073t-l
034032tl
O~7120H

06Q053tl
0020:;3
026nOR·
aO?,404 bLI<t:2
1700?OI:l
C34020tl
160020tl
07002bb
.J020r-4
()70tJ2C~

0340?11:l
1"'00211::l
0020 !J';,
0700?,j,t:l
002404
070061H
0?7120t-l

01'SO 00665
Oi51 00666
0~.52 D060 7
0153 00670
0154 00671
('155 (\0672
(1156 00673
!li57 00674
0.\58 00675
0159 00676
J16~ 00677
0161 00700
0162 00701
0163·"'1
0164* E~J O~ 10 SEC; P[RIOlJ, H ~LYlr:G LINE RELEA5F FUL.L CYCUC BUFFER
Oi65* FO~ ~1AG;H:TIC TAF'E UllTPUT AND tl0Vc I;JPUT POhTERS TO NEXT BUFF"ER
0166 •••
0167 00702
0168 00703
0169 007114
0170 007U5
0171 00706
0172 00707
0173 00710
0174 00711
0175 00712
0176 00713
0177 01)714
0178 00715
0179 00716
0180 00717
0181 00720
01 8 2 00 721
0183 00722
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IGNORE IF LINE OfF

I~~orE IF BUFfERS FULL

CLEAR

FILL U~USED pART WITH ZEROS

CALCULATE NUMBER OFUNU~ED
WORnS IN RECORD

01, I
01
o
EH ILl.
E3LKE2

CL.A
STA SfLAG
LOA LINE
SZA,RSS
JtiP 8LKS!)
LDA Pi,I
5ZA'
Jt:p Bl.KE~

Ll1A Q
CIIA,INA
AliA Qi
AllA =LJ-164
CLB
STR
IS.!
I5Z
J~lP

JI1P

drILL

SHOt-lT

0186···
0187~ S~~RT PLOC~ PROCESSOR, ,IF LESS THAN FIFTY 0:2 SEC INTERRUPTS
OfBlh fjEHIEt:~J 10 SCC PUL.SeS UnUSED PART OF" CYC~IC BUFFER IS FILLED wITH
1H89- ZE~(lS toW RELEASEJ FOR OUTFUT,
1)19U··-
0191 00723 Q02400
J192 00724 070062H
0193 007?5, 06Q05Jtl
0194 007~6 GJ20~J

0195 00727 ~267211t{

019~ 00730 lo00~1~

0197 00731 CJ2U:2
019R a0732 ~~67?0t{

0199 007J3 06002J~

020u Qn7J4 :~30~4

0201 Oo7J5 ~40u24~

~202 Dn736 C42U53H
0203 on737 rJ64:0
0204 00740 1740?4~

0205 on741 CJ4u24~

0206 10 7 42 0340~O

0207 )0743 :~674GR

0208 00744 :267:SH
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NO,PQSIrION
MERGE IN

OUT~UTON ALL CHANNELS?
yES·

=U1000
Dt:SCL,l
LI1
1
4

NOP
SSA
JtlP 1U3
ALF,ALF
~LF

IOR1
OTA CAse
STC D~,SC,c

JMP I DT ~, I

NOP
ST8 0
ADB LrlAP. I
CMII, I NA
STA LRAD.I
ISZ LrtAD
SSB
~DB

Jt,p
iJcF
ASS
I:lSS

LRD
LRAD
LR

1JESCI.

000000
002020
026775R
001727
0017CG
030U~1

1D2612
103712
126764~

000000
074000
146757R
003004
172757R
036757R
006020
046043H
126745R
000760R
000000
0000('10

D211···
0212 •••••••• VARIOUS SUHROUTI~ES ••••••••••••••
D213···
021 .. •••0215 ••• DESCL CALCULATES 1 SECOND COUNT RATES BY T.KI~G SUCCESSIVE
0216". d FFEREi~CES or SCALER Rt:AD UJGS
0217···
0218 00745
0219 00746
0220 00747
0221 00750
0222 00751
0223 ')0 752
0224 00753
0225 00754
0226 00755
Q227 0f/756
0228 00757
Q229 00760
0230···
0231". ,UTA .~URKS THE I)/A tlUUIPLl:xl:R, ON EfJTRY A CONTAINS THF. OUTPUT
0232." ;:lATA 4~JlJ A corJTAltJ$ THECHA~JNEL, IF A' IS NEGATIVE OUTPUT IS
0233 ••.• PRODUCED ON CIIArINl:LS i-I!
Q234 •• ·•
iJ235 00764
0236 00765
0237 007tl6
0238 00767
0239 (1)770
iJ240 00771
0241 00772
Ll242 00773
0:143 00774

0245 00775 G6?03'4~ 103 l.OA =u-a
0246 00776 0730101< STA cel
0247 00777 106612 Lf18 . OTe CASC
0248 01('100 103717- STC DASC,C
0249 01001 005700 BLF
0250 01002 C06u04 WE:!
0251 01.0 03 00'5727 BLF,BLF
0252 01004 005~00 8LF
0253 01Ou5 037010t( ISZ CCl
Q2S" 01('106 (12677711 .jMP LfJ8'
0255 01007 126764R JMP ,UTA, I
0~56 01;)10 000000 cra NOP

OUTPUT ONCHANS;O ~o 7

NEXT. CHA!~;;EL
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0259 ... •
026U·· .. ReDti COrJVERTS A THREE DIGIT !:leD QUANTITY TO BI NARY
0261···
0262 01011 0000(10 I:iGDti NOP
0263 01012 001727 ALF,ALF POSITION
0264 01113 073040H STA TXX
O.?~'j 0101 4 01?'026H AND :d1 7
0206 01:115 C64000 LOB 0
0:267 01016 O17032H JSB MUL
0268 01017 063040Fl LOA TXX
0269 01020 (101700 ALF
0270 01:121 C73040H STA TXX
0271 01022 C12026H AND :817
11272 01023 044000 ADB 0
0273 Ol(J24 iH 7032H JSB MUL
OZ74 01n25 0630 4 0H L/lA TXX
0275 01026 0017::10 ALF PUSITION THIRD CHAR
J276 010.27 :J12u26H AND :017
0277 01330 044000 ADB 0
0278 01J31 1270UH JNP l:leDEl. I RETURN WITH BINARY IN Fl
0279 01032 000000 MilL NOP
0280 01033 0050:'0 I:iL,S
0281 01034' 077041H STB TXY
0282 01035 005020 BL,S,BLS
02 8 3 0103 6 D47 041H AilS TXY
0284 01-)37 1270321< JI1P MUL, I
0285 Ot!J40 000000 TXX BSS 1
0286 01041 DOOOOO TXY BSS 1



PAGE 0020 02 ••• AIRBORNE DATA ACQUISITIONPROGRAH 22/6/73 •••
i

Ci89···
029~••• THE rOLLOWING GROUP OF SUDRQUTINES PROVIDE 5CO,250AND 100 UNITS')0!91••• F'ULL. SCAL.E: OUTPuT ON TH!:: CHAIn RECORDERS.
0292.··
0293 01042 000000 FS500 Nap 500 UNITS niL.1. SCALE029~ 01v43 0460S4H ADB =U-~OO
0295 01044 OD6020 SSB
Oi96 01045 0460SSH ADS =U500
0297 01046 005000 SL.S
0298 01047127042H JMP rS500.1

O~OO

0~01'

0302
0303
0304
US05
0306

01050 000000
01051 046056H
01052 006021
01053 027051R
01054 0460571'1
01055 005020
01056 127050R

FS250 NOP ,
ADB =/J-2S0
SSB,RSS
JHP .-2
ADB =LJ250
BL.S,8I.S
JHP FS250,1

250 LJNI:l'S FULl. SCALE

OJ08 01057 DOCOOO F5100 NOP 100 UNI1S FULL~CALE
01109 01060 046060H ADS =LJ-l00
0310 01061 006021 SSS,RSS
0311 01062 0?,7060H JHP .-2
0312 01063 046044R' A09 =U100
0313 01064 OOSOOO 8L,S
0314 01065 077071R STt'l ,~STH
0315 01066 00s020 SLS,BLS
0316 01067 04707j,H AD8 I ~.S TH
0317 01070 127057H JHP FS100,1
031 8 01071' 000000 ,fSTM NOP
0119 01072 COO030 IfST, NOP
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0322 01073 000000 R~G40 NOP 40 BIT OUTPUT R!:GISTER DRIVER
03?3 .01074 106716 CLC Rt:GSC PRESET INl'ERFAC!: LOGIC
OH" 01(175 002400 .CLA
01125 01076 102616 OTA R~GSC OUTPUTCnNTROL WORD
0326 01077 160001 LDA 11l
0327 01100 102616 OTA RI:GSC OUTPUT 1ST 8 BITS
0328 01101 006004 INS
0329 01102 160001 LDA 1, I
0330 01103 102616 OTA R!:GSC OUTPUT 2ND 8 td I TS
0331 01104 006004 zr.H~

0332 01105 160001 LOA 1,1
0333 01106 :'l!2616 OTA R!:GSC OU"fPUT ;sRn GROUP
033" 01107 006004 INfJ
0335 01110 160001 LDA 1,1
0336 01111 102616 OTA R~GSC OUTpUT 4Tf'/ GROUP
0337 01112 006004 INS
0338 01113 160 lJ 01 LOA id
0339 01114 102616 OTA RI:GSC OUTPUT .F I rJAL 8 !:IITS
03"0 01115 1J3716 STC Rt:GSC,C GIVE ENCODE COMMMiD
0341 01116 1?707JR JMP RI:G40,1
0842 01117 000000 REGCW aCT 0



PAGE 0022 03 ••• AIH~ORNE DATA ACQUISITION PROGRAM 22/6/73 •••
r

MT BUSY?
NO
yES
JUST STARTING NEW OPERAfION?
NO
yES - SET HAG AND COUNTER TO
~LLOWAPpROX 3 SECONDS r6R

OPF.RA T I nN TO tiE.COHPLETED

FULL' CYCLlC BUFFER WAITING IN
OUTPUT QUEUE?

NO
GET ~'T RECORDER STA TUS

HAS THE 3 SEcOND TIME LIMIT
·EXPIRED? .'

NO - GO BACK TO START OF LOOP
yES ~ CLEAR TAPe RECORDER AND

RESTART THE OPERATION
l~~

JUMP TO APPRQPR I ATE, HT ROUT I NE
ADDRESS STORED HERE
NUf-~8F.P. OF I'IR ITEA TTF.llPTS ALLOWED

it

SAVE m STATUS
ANn TRA'r:SM I SS I ON LOG

GAPllr
WHITA.l··3 '.:
HTSTF
XLOG

LDA R. I·
SZA.R~S

JHP AAA
JSB ,laC:,
OCT 040010
SSA.RSS
JtlP I1T02
LOA HTF:.G
SlA
J~'p I1T01
III A
STA MTF"LG
LLJA K3
ADA =U16
SSA,RSS
AVA =U.50
STA HTIME
J~lP AAA
LDA HTIMt:
crA KJ
RSS
JMP AAA
JSB ,IOC,
aCT 000010
CLA
STA HTFLG
STA'MTFN2
INA
STA
JllP
J~lP

STA
STB
CLA
STA MTFL.G,
Jl1P ••1,1
Nap
DEC ~J

MT02

MTO

MTF"N
ATII/UM

,.
MT01

160022~

002003
026277f./
016U01X
040010
002021
C27157N
C6011J31::l
002002
0271 42R
0020(14
(l701'J3d
0600320
042061H
002021
D42032H
070102H
0?6277R
0601 'J2t:.l
:J500321::l
002001
026277H
016001X
000010
002400
C701:J31::l
0700741::l
C02U04
C701011::l
027167H
C27161H
:J700671::l
0740IOt:.l
002400' .. '
0701:)3t:.l
127164H
OOOO~O

177775

01120
01121
01122
01123
01124
01125
01126
01127
01130
01131
01132
01133
01134
01135
01136
01137
01140
01141
01142
01143
01144
01145
01i46
01147
01150
01151
01152
01153
01154
H155
01156
01157
01160
01161
01162
01163
01164
01165

0101.··
0102. MAGNETIC TAP~ OUT~UT CONTHOL ROUTINE•••••••• ·~.
0103.··
0104
01105
oe06
0107
0108
0109
0110
0111
OU2
0813
OU"
081~

OU6
01117
oe18
0019
oe2a
0'21
QII22
01123
01124
OG25
0126
0827
01128
0829
OtJ30
Of)31
0832
11133
01134
OtJ35
0f)36
Je37
01138
0"39
IltJ40
01141
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I rJSERT ATTE:ltP T. NW18 ER
I "/ I T I ATE~ ,uR nE

REQUEST RpJECTED?

NO
CLEAR WRITE SELECT 811 ON HT
I N'TERFACE7WI LL CAUSE A GAP
AUTO"A TICHLY ON NEXT WRr TE

ALLO~I THRf,EWR I TE ATTEMPTS
GET ADDREss OFCYCLI C BUFFER
ADDRESS or<OUTPU)· BUrFER
CONVERT T:1 HINARY, AOn,CHECKSUM
G~TRFADBACKCONTRQL WORD c

NEG~T1VE? ~
yES - NO READBACK POSSIBLE
ZERO? . "
yES - NO AUTO CHECK READ
IS IT THE,NTH RECORD?
NO .,
yES?
RESET REC~RlJcCOUNTER?

HAVE A L.OOI(AT SwITCH R~EGISTF.R
I F, ArrosET READ BACK~ND

CHECKT .. I S RECORD " U

--,',
SET CHECK 'READ FL.AG

REQUFSTREJEC1ED 8Y ,IOC,?

SE] JUMP hDDRESS TO NEXT
HT PRO~~SSQR ROUTINE,

IoIR I TE END,,;OF .. FILE

D~TA~RECO~DORE-O-F?
wRITE END~OF-~IL~

FIRST REcnRD OFL.INE?

(1"
M'TCHK
MTFr)
AAA

GAPMT
MTR5C
ATNUM
ATH10
SADlI,1
BuFFO
BUFFI
RI::ADC

1
1/1-1 I T1
8uFZ.;S
, I OC.
020110
3.38 '
HUFZ
-460'
MrCH~

r-:TFfJ
AAA
,'JOC.
0/50110
3'58

:\'.

DEF ••1
LLJA R,I
SSA
J~IP' ENDF
LIJA GAPI1T
SZA,RSs
J~lP ,•• 4
CLA
ST"
OTA
L.DA
STA
LDA
Lfll:l
JSB
LDA
SSA
JtlP RURy
SZA,RSs
JHP WRIT2
ISZ RCNTR
JMP IoIH IT2
L/JA Rl:ADC
CI1A,INA
STA RCNTR
CLA, IlIA
STA MTfN2
JIIP RI::TRy
LIA 1
CPA :U1
RSS
JMP Rl:TRy
CLA
OTA
JHP
ISZ
JSB
OGT
111..T
DF.F
DEC
LlJA
STA
JI1P
JSH
OCT
Hl..T
NOP
NOP
LOA
STA
JllP

wr-IU

ElIJFF 0

WRITE OPI::~ATION AND 51::T JUHFADOREss TO CHECK ROUTINE

lo/RITA

0.4 ... ••
0'45. II'dTIATE:
0.46.··
0847 01166 001167H
084A 01167 160022~
0849 01170 002020
0850 01171 027242H
0'51 01172 060101~
0852 01173 002003
0053 01174 027200H
0054 01175 002400
0055 01176 0701Q1~

0~56 01177 1P261 4

0057 01200 063165H
0858 01201 070037~

0659 01202 160027~

0860 01203 067235R
0861 01204 017423R
OD62 01205 063?74R
Oa~3 Ot~06 002020
0&64 01?o7 027231H
0865 01210 002003
0166 01211 027?22H
0.67 01212 034072~

0868 01213 027222H
0069 01214 063274R
OG70 01215 003004
0.71 01216 070072~

0072 Ot?'17 0024D4
0073 01220. 070074t:l
0074 01221 027231R
0075 01222 102501
087601223 052062R
0077 01224 002001
0878 01225 027231H
0879 01226 0024)0
0880 Ot?27 1026~1

0081 01230 C27217R
0082 01231 036136C
a.83 01232 0160r1 X
G~84 0123~ 020110
0185 012~4 102033
0086 01235 002133C
0087 01236 177064
0088 01237 C63252R
0889 01240 073164R
0090 01241 026277R
0191 01242 0160~1X

0892 01243 030110
0893 01244 102033
OU94 01245 OOOO~O

0195 01246 ouoo~n

0196 01247 063252H
0197 01250 073164H
3.98 01251 026277~



PAGE 0024 03 ••• AIR~ORNE DATA ACQUISITION PROGRAM 22/6/73 •••

OKAY
MTSTf
=tHO

R
WI'/Il'A
MTfN
AAA

Af:jORT
Rd
R
R, I
SADD

DATA RECO:;D· OR;EOF:?
EOP .
GET STATUS
TEST END~nF-TAPE aIr

BUMP ERRD~ COUNTEPS

POS ITl ON wn TE ENABI.E!BIT
TEST'
wRIT~ ENA8LERING MISSING
POSITION PARITY ERROR BIT
TEST

A~DTH~R ATTEMPTf

GIVE uP

ALL BUffERS fULL? i·.·.
NO - TIHE fOR ANOTHER TRY
yES - fORGO FURTHER A'TTEHPTS

ANORUHP ERROR COUNrER 2

, i·
CLEAR POSSIBLEA8~RTiFLAG_

RELE AsEP. UF fER. . .:?J'~:':;c:.
MOVE POINTERS TO. NEX.'l' BUfFER

SET JUHP AODRESS

.....-END"of - TAPE··· •.'.
I

OPERATION ~HEN I~

001253R MTCHK DEF .·1
160022~ ~DA R,I
002020 SSA
027311~ JMP
060067~ ~DA

012063H AND
002002 SZA
102055 H~T 558
060067~ ~DA HTSTF
001323 RAR,RAR
000010 SLA
102044 HLT 448
001200 RAL
002011 SLA,RSS
060074~ LOA HTf~2

002002 SZA
027324H JMP CHEeR
027311R JMP OKAY
OOOO~O REAUC OCT 0
D60036d NXTHY LUA OTPUT
032062H "IOR =U1
070036~ sTA OTPUT
034037~ ISZ ATTNO
002001 RSS
027306H JMP QUIT
060040~ LDA AdORT
0020~3 SlA,RSS
027231~ JMP R~TRY

060036f:j QUI T'LDA OTPUT
032036~ IOR =02
C10036f:j STA OTPUT
0024;;0 oI': Ay Cl.. A
07004D~ STA
170022f:j STA
034022f:j ISZ
160022~, LDA
O?0027~ STA
OD2004~\ INA
07D022~ STA
063166H LOA
073164R STA
026277H JHP

OJ01···
Ot02- C~ECK ~RITE ON COMP~ETION Of
Ot03. REQUIRED INITIATE ~ACKSPACE

Ot04·.·
0105 01252
0106 01253
Ot07 01254
OtOB 01255
ot09 01256
0110 01257
0111 01260
011t' 01261
0113 01262
0114 01263
0115 01264
0116 01265
0117 01266
OU8 01267
0119 01270
Ot20 01271
0121 Ot272
0122 01213
0123 01274
0124 01275
0125 01276
0126 01277
0127 01300
0128 01301
0129 01302
0130 01303
0131 01~U4

0132 013u5
0133 01306
0134 01307
0135 01310
0136 01 311
0137 01312
0138 01313
0139 01314
0140 01315
0141 01316
01'42 01317
0143 01320
0144 01321
0145 01.322
01'46 01323

c
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TRy AGAIN

ISSUE asp COMMAND

NO ERRORS

REQUEST REJECTED?

SET .JUHP ADDRESS

READ BACK THE RECORD

wRONn

SETJUHP~DDRESS

GET TRANSiq SS ION L.OG
CLEAR HODEBIT
CHECK FOR C9RRECT LENGTH

ERROR

REQUF.ST REJECTED?

~lTFN2

AAA

Rt:APR
MTFN

INX2
INX1
CMPAIol
OKAY

• ... 1
I I OC,
10010
338
BUFY
~460

Vt:RrY
MTFN
AAA

I I QC I

31010
338

NXTRY
:0-230
I I~Xl
BINY
II~X2

BUFro
INX2iI
1.1

JSB
OCT
HI.T
NOP
NOP
LDA
STA
CLA
STA
JHP

DH
JSEi
OCT
Hl.T
DEF
DF.C
LOA
STA
J~IP

DEF ."1
LOB XLOG
El.R,CLE:,!:RI:l
CPB =U460
RS5
JI1P
LOA
STA
L.DA
STA
L.D8
LDA
CPA
RS5
JHP NXTRY
HIB
ISZ
ISZ
Jt1P
J~'p

REA OH

tHNY

CHECH

001337~

0160C1X
0100 1 0
102033
00156 l1 C
177064
06.5347'1
073164fo1
026277'1

016001X
031010
102033
000000
OOOOCO·
063336R
073164~

002400
070074ti
026277R

001350~ VF.RF'f
:J64070ti,;
005665
C56064~

0020n
027275'1
062065~

073737R
063342R
0737411R
067?35R
163740'1 Ct1PAR
1500'H
002011
027275'1
006004
037740R
0.57737'1
C27362fo1
02731l R

I.

01"9 01324
0!50 01325
0151 01326
0152 01327
015:5 01330
015<4 01331
0155 01332
0156 01333
0157 01334
0158 01335
0159 •••
0160. INITIATE REAU OH COMPLETION or BACKSPACE
0161.··
0162 01336
0163 01337
0164 01 34 0
0165 01341
0166 01342
0167 01343
0168 01344
0169 01345
OHO 01346
0171···
0t72. C.-ECK REArl OtJERATIOl1 AND COMPARE DATA READ !lACK .WITH DATA IN
0173. OUTPUT OUFFE~

;:1174 •••
0175 01347
0176 013~0

0177 01~51

0178 01352
0179 01353
0180 013~4

0181 01355
0182 01356
0183 0135.7
0184 01360
Oi85 Ot361
0186 01362
0187 0:.363
O~88 01~b4

rl189 0t3t.5
0190 01366

·0191 01367
0192 01370
0193 01371
019<4 01372

t,·
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0197 •• •
0191l. AT E~IU fir FLIGHT ...R I n: 3 t:ors THt: f·) RE 101 I NO MW UNLOAD TAPE
0199··-
0200 31373 062066H Er:D IT LDA =lJ-3
0201 01374 07:5737R STA INX1
0202 01375 0160~lX EOFS ,JSB J IOG , wRITE Ear
'12 03 01:'76 030110 aCT U110
0204 01377 102033 HL.T 3JB REQUEST RF.JECTEU?
0205 01 4 00 OllOOr:O NOP
0206 01 4 01 0:)0000 NOP
0207 01 4 02 0160nx ,JSEl .IoC,
:120A 01 4 tJ3 040010 OGT 40010
0209 'J1 4 11 4 CJ2U20 SSA
0210 . D1 40S n74~2H Jf1P .~3

nl1 'J1 4 06 9:l7737R ISZ INXl
0212 01 4 07 027375t-< ,JI'lP EOFS
0213 01 410 GHOQ 1x ,JSB • lac. U',ILOAn TApE
0214 01 411 030510 aCT 3u510

RF.QUEST'REJECTED?0215 01412 1012033 Hl,T 3:SB
0216 01413 COOOOO NOP
0217 31414 OJOO:O NOP
3218 01415 016001X JSB ,laC,
0219 01416 a/40010 aCT 4uOl0
tJ220 C'1 4 17 ::J02020 SSA
0221 01 420 027415H ,JMP • .,.3
0222 01 421 102077 hU 778 T4E [;ND

0223 01~22 C27421H ,Jt~P ·~1

\
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,I,' i

I rJCRF.t1 ENT THE .:11.- OCK. NUMBER

SAVE START ADCH~SS O[CKSU~

TRAlJSFER noPPLEHCOORfjS
ALRFAD'i' .tN 8 I NARY

! ,

SA\lEHOST SIGIo;IFICANT DIGIT

feT A Ben wORD
C0 'I Vr: FH T,~ fl I ~ AH Y
SToRFIN ~UTPUT BurFER'
81J/'P "nnnr:ss

corlvF;r1T /'SD TO HI qARY "

STORF.UPP~R'FOUR AITS

STOR~ LOW~R12 UITS

Cl.EA~

cOtIVF.RT AeD TO 8 I NARV AND:
IiI THE I~ T DU TPUT 8 UF'FER

BLNUM
=U17UOUO

BUFH,l(
BUFAD
BLNuM

I ,',Xl
DuP5 (I

EWFRU
=lJ-l0
INXl
=u-6
I r.X 2
BUfRJC,1
BCD 11 .
fH' Ac;,e;
BuFitx
I IIX 2
NXT
=u .. 5
{lIX2
8lJfHJC, I
TH
BUFHX
HUFnx,I:.. i':

[iCD I 1 "CO;'.IVr-RT ,4 LSD TO 11 rrJARY

8LNUM
:H7777
1, I

8UFR1
=U .. 4
IUXl
HUFRX,I
1 , I
BIJFRx

TT2
TT1;
8CDI2

NXT

~llr:F I NOP
STA
STB
LIJA
PIA
STA
AND
AL,F
STA
INS
LDA
AND
STA
P~B

CLA
STA
IN8
sTA
rr~B

5T8
LIJA
sTA

D(lP~u LDA
STA
ISZ
jlJI::l
ISZ
JMP
5T8
LUA
STA

FIDl LOA
STA
LDA
J5B
JSB
ISZ
ISZ
.,J/1P
LVA

I STA
Ml.Gi: LllA

! STA
I5Z
LlJA
JS8
CLA
STA
LDA
JSB

COOO~O

C'73731H
077735R
063736H
0020'4
073736R
C12067~

C01700
1700~1

O~6lJ:"4

063736H
012070H
noon
00601)4
0J24~(j

170001
~a6UC4

17')OJl
1J060(14
!J777~?H

M2071H
073737H
1/;3731H
17QO~1

837731H
['06314
837737t;
(127451"<
C77734H
062072H
0737 3 7H
Oo20 4 1H
~73740H

163731H
C'175 7 6H
017604"
~:; 7731H
0377 4 0rl
027464H
06203~rt

073740~

lfJ3731H
070u 4 11:1
O,I173l.H
1 {,3 73 1H
t'1757M~

nJ24': II
07c0421:1
Q';OQ41t:l
:J11634r1

0226.··
0227. TRAI1SrER ?AT~ H?Orl CYCLIC £:lUFFl:R AND ArTER ~orJVERSION Ta 24 BtT
02213. SI'IARY STO~E IN OUTPUT 8U~FF.R. CALClJLATE 24 BIT CHECK SUM AND
0229. srOHE WITH DATA
023U···
0.31 01423
0232 01~24

0233 01 425
0234 01426
0235 01427
0236 01 430
0237 01 4 31
023J 01432
0239 Ut 433
024U 01 4 34
0241 01 435
0242 01436
0243 01 4 37
024;' 01 4 40
0245. 01441
0146 'Jt 442
0247 01 4 43
024A 01444
0249 01 44 5
0250 01 4 46
0251 01447
0252 0145n
0253 014~1

0254 01 4 52
0255 Ot4~3

02!:ill 01454
0257 1)14~5

0258 014~6

0259 ~1457

0260 1)1 4 00
0261 J1461
0262 at 4/'12
0263 J1403
0264 01 404
(J265 0141>5
0266 J1 4 66
0267 01 407
026R 014 7 0
0269 01471
021'0 01472
0271 01 473
0272 01 4 74
0273 01475
0274 01 47 6
0275 Ot 477
0276 Ot500
0277 Ot 501
0278 01502
0279 01503
:1280 015!J4

/
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0283 015n5 017664H JSB BPACI<
0284 01506 03773111 ISZ BufRX
0285 01507 037740H ISZ INX~

0286 01510 C?7474H JMP MAGZ
0287 01511 C37737R ISZ INXl fINISHED HLOCK?
'J288 01':i12 027462H JMP flDl
0289 01513 :J63732H CIIEr.S l. D.A BurR1 CALCULATE 24 BIT CHECKSUH
0290 0!.'i14 0020::J4 INA
0291 0151~ 07373311 51A BurR2
02'12 01516 \J02oH)C CI.A
02'/3 01517 073741H ~TA SUM
o;lS'4 01520 D17544H JSB CKSUM ADD BITS ;1-11
02SJS 01521 063732R loOA BUfRl
0296 01522 07373311 STA BUfR2
0297 01523 063742H L.DA SUMl ,
0298 01'524 07J741H STA SUM ADD CARRY FROM PREVIOUS ADD
'1299 01525 01754411 JS~. CKSUM ADD BITS 12-23
J~OO 01526 0f>2065H L. DA =U-230
0301 Ot52 7 Cl73737H STA INXl
1302 01530 163735k Pli? :S2 L.DA BlJrAD,1 UNPACK 12 81T wORDS TO fORM
0303 01531 O12Q73R AND .=~7700 TWO 6 BiT FlYTES FOR HT
0304 01532 001222 RAL,RAL I

')305 31'533 07004j,ti STA TU
03illi Cl1534 16373511 L.LlA BUrAD, I
1)307 01535 :J12074101 AtlD =H77
il30H J1.5.56 'JJOU41ti IOR TTi
H09 J1 '537 173735H STA BLJFAD,I
0310 01540 c:; 7735H ISZ BUFAD
0311 ']15 41 O:17737H 15Z 1"-JXl
0312 J1. 54 2 ')n'530R JIIP P~2J2,>

0313. 01543 1U423H J~IP BUffI,1 - '>:~' .."

;)315 J1544 0000:'0 CV-Su'; NOP
...

" ..::'
J316 01.545 0-J24::'0 CLA .<::~

0317 J154fl 073743R STA CARRY ,. '''~: "::"
'-, .~

0318 01547 'Jri2J75R " LVA =U-112 SET WORD COUNTER'':
""'-:.:,>,,:,:.~::~:

.J319 .J15~C ,)737~';H STA S~UM

3320 H'551 1·i:573Jf.< LOOPS LDA BUFR2,I
0321 01C;~2 1.10'J40 CLE
0322 C1'5~3 r:'4JH1H ADA SuM
0323 01 '5~ 4 1117.1)40 SEZ CARRV. FRO:I HIT 15?
0~24 J1'555 JJ774JH ISZ CARRY yES BUMP CARRYCOUNTEP.
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0327
0328
(:329
0330
0331
0332
0333
0334
0335
0336
0331
0338
0339
0340
0341
o1!14 2

01556 073741H
01557 037733H
01560 OJ7733N
01561 037744H
01562 0275 5 1R
01563 063741R
01564 012U67H
01565 001700
01566 067743H
01567 005700
01570 040001
01571 073742H
01572 063741R
01573 0120701'l
01574 173733H
01575 127544R

STA SUM
ISZ BUFR2
ISZ BUFR2
ISZ SNUM
JMP t,.OOPS
L.OA SUM
AND =H170000
AL,.F
L.IlS CARRy
Sl.F
ADA 1
STA SUM1
L.OA SUM
AND =fj7777
STA SUn~2,I

Jt1p CKSUM,I

INCREMENT ADDRESS BY 2

FINISHEO?
NO

ISOLATE CARRIES FRO~ 8Ir
PQSITION iN LOWER WORD
GET ANY CARRIES FROM BIT
~\ UL. TI PL V aY 16
FORM TOTAL CARRY FROM 12 BIT

ADDITION

RETURN

"

POSITION THIRD CHARACTER

POS I T I ON SECOND C'HARACTER

POSITION 4TH CHARACTER

CONVERTS 4 DIGIT RCO TOBI~ARY
POSITION FIRST CHARACTER '

NOP
Al,F
STATT2
AND :d17
L.OB 0
JS8 8'1'10
LoDA TT2
ALF
sTA Tl:2
AND :rl17
AD8 0
JSB B'1'10
L.OA TT2
ALF
STA TT2
A~~ 0 : Il17
,AD8 0
JS8 8V1U
LollA TT2
ALF
AtJD :t:i17'
ADS 0
CLA
J 11 P El COIl, I
NOP
BLS
STB TT4
BL.S,ElI-S
ADB TT4
JMP 8Y'10'1

t:lCOll

t:lviu

01'376 000000
01577 001700
')1600 0700 4 21::!
01601 012U261'l
01602 ('64000
01003 C17626H
01004 060042!1
01605 001700
01606 070042!1
01607 012026H
01610 044U::.'I0
01!>11 01,76?6R
01612 060042t:l
01613 C017IJO
D1614 0700421::!
()1615 012026H
01616 C,,4UCO
01617 017626R
01620 0600 4 21::!
01621 0017ao
'Jt622 012026H
01623 0440DO
01624 OQ24QO
01525 127576H
01626 000000
')1627 0050CO
01630 074U44t:l
01631 Gll!5020,
01632 C44044t:l
01633 1?7626H

0344 •••
OS45. SU3HQUTINES UsEn IN DATA CONVEHSION FOR HT nUTpUT
0346·· •
OH?
0348
0349
OS5u
Q~51'

0352
0353
0354
0355
0356
0357
0356
0359
0360
0361
0362
0363
0364
0365
0366
0367
0369
0369
037u
0371
037;2
0373
0374
0315
0376
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0379 01634 000000 bCDI2 NOP
0380 01635 O12026R At4D :t:l17
0381 016~6 D70043t:l STA TT3
OJ82 01637 04Z072~ ADA =U-10
0383 01640 002021 SSA,RSS CHARACTER LE 9
0384 01641 0?7661 R ,J11P EHRU NO
OS85 01642 060U431:l L.PA TT3
'J386 01643 001000 .L.S
0387 01544 0437::'410/ AVA SS4 FORM ADDRESS OF BINARY ECUIV.OS88 01645 C700431:l STA TT3
0389 01646 0000 4 0 CLE
0390 'H647 144000 AUB O. I ADD 16 LEAST. SIGNIF BITS
0391 016~0 Q:J2040 SEZ QVERrLlJW? .
0392 01651 0340';2!l ISZ TTZ yES
0393 .01652 Q74041t:l STB TU
0394 01653 0600 431:l L.DA TT3
:jJ95 016~4 OJ20'J4 It/A
0396 01655 160000 LOA Ot! GET HOST SIGNIF BITS
03~7 016~6 0400421:l ADA TTZ
0398 :>1657 064041t:l loDB TU
0.599 01660 127634101 JMP 6CD12,I ICETURN WITfi BINARV IN AB0400 ::11661 OJ241J0 I::r.RA3 CloA
Q401 01562 0064(:!0 CLB
0402 01663 127634R JHP BCDI2,1 ERROR. - SFT RESULT TO ZERO

0404 01564 000000 bPACK Nap U~PAtK A8RE~lSTER AND STORE:)405 01665 Q740411:l STB TT! AS TWO;)l,.i RJ T WORDS
0406 01566 012076H AND :1:l777
J407 :>t667 001700 ALF
0401:1 01670 0700421:l STA TTZ

LOA
1,1 0 ,0409 01671 r::'60001 1

0"10 01672 C12067R AND :11170000
0"11 01673 001700 ALF
JoCl2 01674 C30042~ IOR lTZ·.
J.c 13 01675 173734H STA BUFRO.I
0414 01676 037734H ISZ BUFRO
J41~ 01677 0600411:l LOA TH
0416 01 7 00 012070R AND :1:l7777
0417 01701 173734~ SU St}F Ra. 1
0-418 01702 037734101 Isl BUFRO
J419 017u3 127664rl JHP 6fJACK.l
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0~22···
0~23. LO~K UP TABLE FOR CONVERTING TENS OFTHOUSA~DSTO BINARy
0~2"···
0425
0426

0~27

0428
01129
0430
01131
0432
0"33
0434
0435
0.. 36
0~37

0~38

0439

01704
01 7 05
01706
01707
01710
01711
01712
01713
01714
01715
01716
01 717
01720
01721
01722
01723
01724
01725
01726
01727
01730
01731
01732

..01 7 33
'01734
01735
01 7 36
01737
01740
01741
01742
01743
01744

001705R
000000
COOOO(1
023420
000000
047040
000000
072460
000000
116100
000000
141520
0000:10
165140
OO()lOOO
010560
000001
034200
000001
057620
000001
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
OOQP.OO

SS4

BUfRX
f:WfRl
BUfR2
EWfRO
E:lllfAU
~I.NlJM

INXl
ItJXc
SUM
SlIMl
CA.RRY
SflUH

DEf •• 1
OCT 0,0,23 4 20,0,47040,0.72460.0,116100,0

OCT 141520,0,16 5140,0.1056 0,1.34200,1,57620,1

NOP
NOP
NOP
NOP
NOP
Nap
Nap
NOP
Nap
Nap
Nap
Nap
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CODE

'--f
INTERRUPT LINK

POINTER BACK TO BUFFER 1

ADDRESS or BUFFER 1
STATIJS WORD FOR BUFFER 1
POINTER TO BUFFER 2
AnORF.SS OF BUFf,ER 2

AND so ON'

16 BIT 1/0 INTERr"CE SELECT
INPUT HPX SELECT CoDE
CIA HPX SELECT CODE
KENNEOY SELECT CODE
~o BIT REGISTER SELECT coDe

INTRR

BUrA

TA!!
aUFiN

··1BUFn

lOB
11B
12B
14B
108
LlNK,r

cQU
Eau
Eau
Eeu
Eau
JSB
ORB
OH

MC:R
MPX
DAse
MTRSC
RfGSC
AJSHI

DEf'
NOP
Dt:F"
DEF
NOP
DEF
OEF
NOP
Ot::F"
OH
NOP
D~;F

OtF"
Nap
NOP
NOP
r-.op
NOP

(.I NOP
IH NlJP,
(.12 NOP
DADI) NOP
SAOiJ NOP
Kl Nap
r\? Nap
K3 NOP
1';4 NOP
K!J NQP
I I-PUT NOP
OTPUT NOP
I.TTNO 'NOP
AIIOf.lT NOP
TTl NOP
TT2 Nap
TT3 NOP
TT4 NOP
'::JAVA Nap
SAVl' NOP
SAVt=O NOP
CAll NOP
CAL2 Nap
CALJ NOP
L PH: Nap
LEC NOP
COUNT Nap

PO I IJT

InuH
I I lllll r
1I18r2
fJ
-"'.t
!,

000310C
000000
OI)OOO"~

000562C
000010
000l)07~

':'Olu34C
::'00000
000012H
001306C
(100000
OIlOOOlH
I)OOOOOC
OOOOIJO
01)0000
I)JOOCO
OJOOOO
0;)0000
Cloooeo
000000
caooro
OUOOOO
COOOOO
000000
000000
ooao~o

000000
OllOO::O
oonooo
0,)0000
~OOOoo

('(JOOOO
QaOOOO
0,'0000
':'10000
OO~'QOO

QOOOOO
Ij(JOODO
ODooeo
000000
0000:10
IJOOOOCl
000000
:}OOOOO
(100000

0.... 2 00010
0'43 eOOl1
0444 00i:l12
0445 00014
0446 00016
0447 Ot745 1140CO~

044f1 00000
0449 00000 000146H LIN~

0450···
0451. CYCL,IC BUFFI::H AnOHl:SS fABL.E AND ~UFFER STATUS WORDS •••
0452. :HJ'lIlEf.I OF 8LJfFI::RS CAN BE INCREASED BY EXPANDING THE BUrrER,;TAB,t.e
0453···
045'1 00001
0'155 00002
0456 00003
0457 00004
0458 00005
04~9 OODOt!
J460 00007
0461 COOI0
046? 00iJ11
J463 COn2
:)'16'1 Con3
0465 00014
011\66 00'Jl5
0467 00016
0468 00,117
0469 OOC?O
0470 J0021
0471 000?2
0'172 000?3
1473 00n4
0474 oon5
;)-475 ')rFl26
[1'176 00027
0477 OoOSO
0'178 00:';\1
0"79 (loa:S2
0460 000;\3
:J 4 B1 0 Il ~:s 4
0462 00035
04~J 00J:S6
146'1 000;\7
0465 00:140
0486 00041
0487 00042
J4~8 OOlJ43
0469 00,,44
U490 00lJ45
0491 011046
0"92 00(147
04'9 J DO 0~ 0
0'194 onO?l
H9') OOD52
0"96 00"~3

0497 000?4
0498 01)055
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01499 00056 000000 RESE:T NOP
0500 00057 000000 TPO ass 2
0501 00061 000000 t3E:OIN NOP
0502 00~62 000000 SrlAG NOP
0503 00063 000000 TOTAL NOP
0504 00064 OiJOOOO SS TAT NOP
0505 00065 oooooc OrlES N:JP
0506 00066 OOOD~O CALS NOP
0507 00067 OiJOUOO 1'1 TS Tf NOP
0508 00070 000000 XLOG NOP
0509 00071 ')000:'0 HLouT NOP
0510 00072 000000 RCNTR NOP
0511 00D73 CODOOO dOUTl NOP
051~ 00:)74 o (J 00 00 /'1TF"N2 NOP
0513 00;>75 000000 HLEr~u NOP
0514 D0076 OOOODO ALOUP NOP
051.5 :>0077 OOOO!)C lSyN NOP
0516 00100 coooeo XS yrl NOP
0517 001U1 OJOO:!O GAPilT NOP
0518 00102 0000,00 I'IT P1c NOP
0519 00103 030000 I'ITF"Lli NOP
0520 01746 ORR
0521 01746 000000 UDo\T A ass 5
0522 01753 003014 lABt:l OCT 3U14,4407,4024

01754 0044')7 "

01755 01)4024
0523 01 756 0000:)0 F LNU NOP FU GHT NO (I~SERTEn HERF:0524 01757 000000 NOP
0525 01760 026455 OCT 26455.~6455,26~55.2~455;26455

01761 0?6455
01762 n645~

(~.

01763 1J?6455
01704 026455

0526 01765 n6455 OCT 26455.26~?5.?6455,2~455,26455
01 766 'J26455
01767 C26455
01770 0?,6455
01771 C26455

0527 1)1772 1.:26455 OCT 2645?2645S.26455.2~455,2~455
Ot 773 026455
~1 774 ':)26455
01775 026455
Ot 776 IJ?645.5

0528 at 777 ~26 .. 55 OCT 2b4~~.26455.2~455.2~(~5.204~5
!J2')00 ::26455
:J2Jll1 026455
02G02 C26455
J:?':'U3 :;645?

264';;5.26455. 2~/455. 2f,455. 2lJ4550529 02004 IJ?6455 OCT
D?J05 ':'?6455
02006 :J26455
02:107 0~t.455

O/l:JIG 02,45~

0530 0?H1 C?6455 OCT 2b45~,~64~~.26455.2~455.264550;1)12 n6455
0~H3 0?645~

02Q14 C26455
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02015 026455
0531 02016 026455

02017 026455
0;;>J20 026455
02il7.1 026455
0;;>022 0?6455
02023 000U'J3
0217.4 100000
02J25 0320'J0
0;n£6 a00017
02027 0264::'0
02130 OOOU33
02031 015433
02032 177716
021)33 OUOO~4

02034 177770
02335 177773
'J2a,~6 000002
0;;>3:17 177777
02040 177776
:J2r]41 177772
02142177747
02'343 ('1l1750
J:'.:)44 ~il0144

02)45 154360
921<;6 02342a
02347 COOU05
02:~0 000012
02051 0000c6
·J20~2 (lOOOe7
32J53 1775~4

02:)~4 177014
Q<OS5 000764
02156 1774'J6
02:57 000372
02:160 177634
02161 000022
02Jt>2 OOOO~l

02'J63 ca004n
J2164 ::'OC714
02 Jb5 177432
Q2.106 177777
Ot''JtJ7 1700)0
02'170 aJ7777
02J71 177774
020012 177766
02073 OJ77CO
021 74 C:J 00 77
02J75 17/620
02J76 1)00777

0532
•• ;10 E~HOI~S·

OCT 264~~,26455,26455,2n455,26455
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CLEAn ALL I tlTERNAL COUNTERS AND
rLAGS

GET RETUR~ADDRESS

MID STORE

PICK uP PARAMETER ADDRESSES
ANn STOR~ LOCALLY

RETURN TO MAIN PROGRAM

o I I
INPUT

DIJPO ()
DUPOO.lJINIT

0, I
Rt:G"O

o, I
L!N~

DINIT
0, I
DINIT

/>lAM
~rH

NOP
LDA
LU8
STB
ItIA
LD8
STB
filA
LUB
STB
trJA
LDB
STB
IfIA
LlJB
STB
CLA
STA
STA
srA
STA
STA

OHIGN
LfJKHO
U KHO
XI-'KKO
xt KMO

ST~ LPKM1
S-;~· LfKH1
STA XI-'KHl
STA XFKK1
STA ISTliP
STA ISTRS
STA DSPR~

STA ISTLN
STA L..t'ART
STA LF"ULL
STA XI-'ART
STA XrULL
Jt1P DINIT, I

UINIT(,')00,,0
O~20'=OR

1640JiJ
:J76JJOH
D,120:' 4
1 (,40 CO
D74030d
Jtl2J'J4
1640,,0
C74026Cl
C;)20:'4
1641):]0
074027l:l
002004
1640JO
D740 4 (itl
CJ24'}G
('70J:'1l:l
C70oJ16d
J70U17d
Q70014t:l
i)70015t:i
Q70021l:l
C700?'2d
07(l02Jt:l
C7J0241::l
C700JOCl
':i70Q~2l:l

:;7:J036d
t'70U~Ilt:l

')7C'0l\)U
J70011t:i
070012Cl
0700Ud
1?60:'OH

OO;)lJO
OOJOl
JO)02
00J03
00i04
OfJ 1 05
00J06
00)07
00;)10
JO )11
ann2
00J13
00 J14
JOH5
J (J 116
00 Jl7
00'120
JO'21
OnJ22
2n~?3

100?4
J0125
000;>6
:)0)27
)0 'L~O

J01:il
OO:'J2
J00J3
OnJJ4
00 1 .55
Cl) ; J6
00)37
JO)40
()0~41

~O)42

0002"··
0003" TI-or: :JOPPLFR SUtl!lOLlTINt: tlAS TwO F.NTRY POINTS: DINIT IS CALLED ONCE
100h TO SETdP IrJ1 TI"L CONDITIONS. DO~lJO IS cALLEO EVERY SECOND TO
000<;* cO'lr'UTE THe: f.JP~5EI~T DOPPLeR CoORDINLTES AND TO UPDATE THE PILOTS.
DOO/;. LlISPLIIY. Ai1DITIONALLY AT THF. sTAHTorE:ACH FlDUCr'AL DoppLER ALONG
0007" Ai'," CrlQSS TRACI( CLlURDINATl:S Ant: tH:T.UfhJEDTO THE .MAlt~PROGRAH FOR
aooB. 1r>.'.:LUSIilN Or, Tr1[ f'AGNUICHoPE.
3ElO<;"··
JEl1U CO:'OJ
0011
IlEl12
0013
\)014
301'i
J016
JOll
001il
1019
J020
0021
0022
,1!)23
0024
J02')
J026
0027
J02H
,)029
,Hl3U
0031
00,3:'
0033
0634
0035
-1036
JElJ7
:J63e
0039
004U
1)641
J042
;1043
0044
J045
J046
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SYNCHRO

STOREALOUG TRACK
CROSS TPACK RtAOINGS

FIRST RElDING OrrLIGHT?

NO
yES - SAVF INITIALSYNCHRO

REAnINGS THEN RETURN
TAKE ALONG TRACK DOPPLER

REAnlNG AND,STORE

TAKE CROSs_TRACK DOPPLER SYNCHRO
REAnlNG ~ND STORE

L.SYN
XSYN
ISTOP

Nap
STA
S18
l.OA
52A
JHP DUPOl
INA
STA ISTDP
LOA LSYN
CHA,IrIA
STA L::iYNiJ
I.DA XSYN
CHA,ltIA
STA X5YNO
JHPDOP31

DOPUO0100::'10
0700nl:l
074003t:l
O{~OOOOb

002002
0?6062H
002004
0700aO!:l
C60002c1
()030~4

070U041:l
06000JI:l
0030:J4
0700n.5~

0264nH

004. Q •• o

oe5u. T~E DOPPLER ~ROGRAM INPUT DATA IS TAKE~ rRO,~ 14 BITSYNCHROTO
0051. PIGITAL Cn'lVERTERS THAT LOO~ AT THE 3 LINE OUTPUT FROM SYNCHRO
0052. CJ'ITROL TRANSMITT!:HS ON THE ALONu AliD CROSS TRACK OUTPUTS O'·THE.
oOS 3 • :J 0 PPL E R C0 ~l PUT!:: R , UN ERE V0 LUTI 0 Nor THESE., UTPUT S, Eau I VALE NT . TO
oeS4e A CHAllGE PI SYNC'1RO REAUING OF 16384, IS EQUAL TO 10/3 NAUUC1.L
0055. ~ILE5, THE PHOGRAM KEEPS TRACK OF TIlE TOTAL CHANG~ INSYNCHRQ'
OEl56. POSIiIO~J, STURlrlG HiE RESULT IN T\oIO PARTS - INTEGRAL. KILOMETRES
0057. EG'.JAL TO APPHOX 211500 SYNCHRO UNITS AtlD A rr~ACTIONAL PART IN
005S. SY~C~RO U~ITS

0059 •••
0060 00:)43
Ofl61 00044
0062 00045
0063 00C)46
066" 00')47
Ofl65 00Cl50
0066 00051
0667 000S2
0068 00~53

0069 OOa~4

00 7 0 00055
0671 00:156
0072 00057
0673 00060
0674 00061

I
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CHANGE

TAKE ;"LONG TRACKSYNCHRO READING

SUATRACT pREVIOUS READING

SAVE CUPRENT READING
SAVE DIFFERENCE
TES~SIGN OF SYNCHRO
NEGATIVE'

IS CHANGE GT 800g?
NO ,
yES - SYNCH10 CROSSED ZERO POINT

.; SUBTRACT 16384 TO GIVE ' .
- SMALL NEGAT iVE CHANGE

IS CHANGE LT-8000?

NO
yES - SYNCHRO~AS CROSSED ZERO

- ADD 16384 TO'GET SHALL
POSITIVE CHANGE

DIVIDE.BY 2
ADD DIFERENCE 'tciPARTK~COUNTER

.[\ .'>{;
NORt1AL I SE; FULL 4'NO' PART KM

COUNTERS AND SAVE

LI-'ART
LFUL.L
O~'SLJM

LI-'ART
U ULL

Ofl77 •• •
087a. I~TERNAL DOPPL~R ALONG AND CROSST~~CK cooRnlNA1ES ARE BASED ON
0079· ARRITRAilY ORIGIrl L.OCATEO AT POINr OF STARTING DATA Aca.UISITION
Oll8u. PROGRA~.

0681···
0082·.·.· PROCESS ALOIjG TRACK SYNCHRO DATA .•••••
Oe8J·.· .
0084 00062 060002B DOPGl LOA LSYN
0085 00063 C640a2B LOB LSYN
oe86 00a64 C40004B ~OA LSYNO
0087 00065 007004 G~8,IN8

0"88 OU066 0740C'.4B ST8 'LSYNO
0,,89 00067 0700a6B STA LSYNl
009U 00070 ~J20?0 SSA
oe91 00071 0261~lR JHP DUP02
0"92 00072 042702~ AnA =U.8000
oe93 00073 002U20 S5A
0094 00074 026107H JMP DOPOJ
0095 00~75 0600~6B LOA LSYNl
0096 00076 ~42703~ AOA =U.163~4

0097 00077 070006H STA LSYNl
0098 00100 026107H JMP DUP03
0099 00101 ~427~4~ UDPo2 ADA =U8000
310U 00102 OJ2021 S5A,RSS
0101 001U3 02bl07H JMP DUP03
0102 . ~01n4 G600C6H LOA LSYNl
010,5 00105 ()427:~R, ADA =U16364
0104 001U6 r700~6~ STA LSYNl
0105 00107 200006~ UGP~3 LOA LSYNl
J106 00110 COI1JO AR5
Jl07 00111 04DOI0~ AnA
0108 00112 064011~ LOB
0109 00113 G1662~~ JS8
0110 00114 ~7001U~ STA
0111 Ob~15 074Ul1d 5T8
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TAKE CReSS: TRACK SYNCHRO RE:ADING'
I .

SU8Tn~CTP~EVIOUSREADrNt
j; .. '

SAVE CURRENrREADING
5 AVE D I f r Ei REN CE
TEST SIGN of CHANGE
NEG.q I VE

IS CHANGE LT -80001

IS C.HANGE GT 80001
NO
yES - SYNCHROHASCROSSED ZERO

- SUBtR~CT 16384 to GET
- SHALLPOSIJIVE CHANGE

NO
yES - SYNCHRO HAS CROSSED ZERO

- ADD 16384 TO GET
- SHALL POSITIVE CHANGE

DIVinE 8Y2
AnD TO PARTXPAHT

X~ULL

DPSUM
Xt-'AHT.
XFULL

0114... !
011·5 ••••• PHOCESS C.ROSS TRACK SYNCHRO VATA •••••
0116"· L .
011 7 00116 0600031:1:' LOA xs1m
0118 00117 0640031:1 (DB XSYN
0119 00120 0400051:1\; ADA XSYNO
0120 00121 007004 CM8,INB
0121 00122 07400 51:1 STB XSYNO
0122 00123 0700071:1 STA XSYNl
0123 00124 On2020 ~SSA

0124 00125 02613~HJHP DOP04
0125 00126 042702H ADA xV-8000
0126 00127 002020 SSA
0127 00130 026143H JMP DUPO~

0128 00131 0600071:1 LOA XSYNl
0129 00132 042703H ADA =U-lbJb4
0130 001J3 0700071:1- STA XSYIJ1
0131 00134 026143H JHP DUP05
0132 00135 0427~4~ UOP04 ADA =V8000
0133 00136 002U21 SSA,RSS
0134 00137 C26143H JMP DOP05
0135 00140 0600071:1 LOA XSYN1
0136 00141 0427C5H ADA =U16384
0137 10142 070U071:1 STA XSY~1

0138 00143 0600071:1 DOPJ~ LDA ~SYNl

0139 00144 001100 ARS
0140 00145 0400121:1 ADA
0141 . 00146 0640131:1 LDH
0142 00147 016624101 JSB
0143 00150 0700121:1 STA
0144 00151 07401JI:I STB
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0147... I

0148 ••••• DOPPL~R CHART SPEED CONTHOLL~R ••~ ••
ilt49... r r'
0150. VOLTAGE Crl'lTHOLLEU OSCILLATOH REUUIRES *10V FOR. Z~RO SPEED
0151. ANn .7,~V FOH 200 KNOTS
0152"·
'.l153 00152 0600:68 L,DA L.SYNl GET AL.ONG TRACKSYNCHRO CHANGE
0154 00153 002020 SSA - APPRO)( 1500 ,AT 100 KNOTS
0155 00154 003004 CHA,INA GET ABSOLUTE VALUE
0156 001~5 CU64C'0 CLB
0157 OD1~6 1Jl60 el)( DIV ::U6 DIYIDE BY 6ANDCOHPLEHENT

00157 :lOO7C6~

0158 00160 C030~4 C~IA, INA TO GET VD~250 AT 100 KNOT
(Jl~9 00161 0427~7H ADA =U2047 CALCULATE X=2047*V
0160 00162 C'70031~ STA DTMPl AND SAVE RESUL.T
016l 00163 003004 CHA,INA
J162 00164 04004Jt:I ADA MAXSP CHF.CK IF SPEED TOO GREAT
0163 00165 OU2020 SSA
0164 00166 O?6171~ JrlP ·"3 OK
0165 ,J01n7 060043~ L.DA MAXSP uSE 11AX ALLOWED SPEED
0166 00170 C26201H JMP DUPOa .. l (

0167 00171 060u31t:l LOA DTMPl
016P. on172 0030'::4 CNA,I1/A
0169 00173 t'401J44~ AUA MINSP CHECK IF SPEED LESS THAN
D17U 00174 GJ2u?1 ,SSA,RSS 40 KNOTS '
J171 00175 0262C'0~ JI1P DOPOt!
0172 00176 J60044d LOA MINSP USE ~1I WALLowED speED
.1173 00177 0262~1~ JNP DOPOS .. l
0174 00200 C6C031t:1 O(lPfHI LOA UTMP1
0175 00201 0700~J. STA 1 AND PUT 'IN rf RE:GISTER
0176 00202 a62710~ LOA =U9
1.1177 ~O?03 'J 166 7 ,,~ JSB r IITA OUTPUT TO YCO ON O/A CHANNEL 10

•.• -r.,..'
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I

TRACI<
POSITION

; (:

•••••

cHF.cK IF RESET ON rOR 5 SEC

NORHA~ISE THE RESULT
THIS IS ALONG T~ACK DISTANCE

TO "BE DISPLAyED

DIVID~ TO GET 0.1 S or KM

~~SET C00NTER rLA~
/ .',,'

"r

SUfJTPA'Cl iNITIAL ALONG
POSITION FROM PRESENT

INI~ILISE COUNTER

GET ADDREsS OF~PILT~TS DISPLAY
8urFER

GET 16BI1 INPUT REGISTER
ISOLATE DOPPLER RESET BIT
I51T O~/?

N!'l
yES - SAVEINITIALCDORDINAT~S

elE RESET CROSS TRACKDISPL.AY

F1 RST RESF T?

COUNT NUH,nER" OF SECO, NOS,"'-. .' . '. ': \.. ' , !t
;;/

) RESET ON, FOR 5 SEC 50/;//
RESET ALONG TRACKD1SPLAY

DSPNS
~f'ART

U'KHO
L.FULL
U KI10
Dr'SUI'!
DTl1P l
UTMP2

ISTRS
DOP12+~

DSPRS

LOA Rt:G40
STA DIJATA
LUA INPUT ~ J
MW cU2
SZA.?~S
JHP [JOf13
LDA Xf'ART
CHA,INA
ST A (:H'KHU
LDA X~ULL

CI-IA,INA
STA,X~KHO

LDA . I ~TRS
SZA '
JtlP •• 4
INA
STA
Jt1P
LOA
SZA
JHP OUP12
I rlA
STA DSPRS
LIIA =U-5
SlAOCNTR
15Z UCNT~

JMP DUP13.2.
LlIA I..~ART

CtlA, It/A
STA LPKMO
LDA LFUL.L
CHA,lr,A
STA ~FKMO

CL,A
STA
LOA
ADA
!.1lt3
ADS
JStj
STA
5TH
CLB
SSA
CH~

DIV SGLOl

L'

0001 •••
0~02••••• PILOT S OOpr~~R DISPLAY PP,OC~S50R

O~OJ···

0004 00204 060040H ,OOPU
,0005 00205 07CQ41l:l,,/
QOOt 00206 160027d~

0007 00207 ~12711H
0008 002~O OQ2003
0009 002il 026245H
001u 10212 C60012b
0011';10213 on30~4

OEl12 00214 (,17C014l:l
OEl13 00215 060U138
001 4 00 216 on30c 4
0915 00217 0~C015~

ry016 00~20 060U 4 2d
0017 UO~21 oa2~~2

0018 00222 ~26226H

0019 ~0~23 ~u2G~4

o0 20 ~ 0 22 4 ;:0 7 Cl 0 .. 2 !:l
0021 ~0225 ~26237H

0022 00226 ~n0036b

0023 OO~27 0020C2
0024 OO?JO 026235R
0025 002Jl OJ20~4

0026 00232 070UJ6b
0027 OO~33 ~6?712H

0028 002J4 070037l:l
0029 00235 'OJ4037~ unp12
0030 00236 Q?6247H
0031 ao?37 060010l:l
a632 00240 OU30~4

0033 00?,41 070016l:l
0034 on242 060011H
0635 OO~43 COJO:4
0036 00244 ~70017l:l

0037 OO~45 r024~O UOPIJ
0038 00246 070036l:l
0039 OO~47 G6001n~

an4u 00?50 040u16l:l
0641 00251 164011H
0042 002~2 044017d
0043 00 ? ~ 3 016624 R
0044 ,00<54 070fl31Cl
0045 OO~55 014032d
~a46 00256 0064~O

oe47 00257 002Q2P
0048 00260 OQ7QJO
J049 00261 01~J01X

o \1 26 2 ,0 U00 4 !1l:l
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0.52
01153
0'5~

0'5'
0.56
0.57
0.511
q'59
0.60
0.61
0162
0'63
0'6~

0'65
0'66
0067
0.68
0.69
0170
0.71
0.72
Oln
0.74
0.75
0.76

0177
01178
01179
01180
0181
13182
0183
0184
Oe85
0186
0187
0188
01189
0190
0191
0.92
0193
01194
01195
JIl96
0197
01198
0199
0100
0101
0102
0103
010·
0105

00263 070031~
00264 ')600;'.;21;
00265 001000i
00266 070001' :
00267 001020
00270 040001
00271 0400311;
00272 ('02020
0027J 04271JA
00274 016560 R
00275 1740411;
00276 '0340418
00277 1740411;
00300 0340 4 11;
00 :SOl 0600121;
00302 0400141;
00303 0640lJH
00304 0440151;
00305 016624R
00306 0700311;
00307 0740328
00310 006400
00311 002020
00312 007000
00313 016001X
00314 OOJ0461;
00315 0700311;
00316 0600328
00317 001020
00320 0700~1
00321 001020
00322 001000
00323 0440'J0
00324 0010::'0
on325 044000
00326 044031t;1
00~27 160027t:l
00330 012714"!
00331 0020':'2
00332 OJ7u('4
00333 0600"1
00334 07003l!l
00335 C064:'0
00336 0)2021
00337 0 263'~2R
003"'0 0030: 4
00341 0070~O
00342 074tJ3?'tl
Jn343 ~1656(l1'l

00344 1700 4 11;
00345 03 4 041tl
00346 1740 4 10
00347 0J404HI
00350 0:: ... 00320
0,,351 170()411;

STA DTMP1
L.DA DTM~2

US
STA 1
ALS,AL,S
ADA 1
ADA DTM~l

SSA
ADA -Ul0009
JSB ENCOO'
STA OUATA,I
ISZ DDA TA
STB DUATA, I
ISZ DDATA
LOA X,",ART
ADA XPKMO
LOB X~ULL
ADB, )',~i<!10

JSB'Dt'SUM
STA DTMr;ll
STH DTMP2
Cl.B
SSA
CHB
DIV st;L02

STA DH1P1
LOA DH1P2
ALS,ALS
STA 1
ALS,ALS
ALS
ADB 0
ALS
ADB 0
'AOB DTMPl
LOA I :'PUT, I
AIID -UB
SZA
CHB,I.'ljB
LOA 1
STA DTMP1
CLB
SSA,~SS

JMP .·3
C1'1 A , I ~ A r':i'

CI1 El
STt::l DTMP~

JSEl ENCOU
STA DUATI.,I
ISl DUATA
ST8 DuATA, I
ISl DUATA
I.DA DTMP2
sr ... nUAT ... ,1

MULTIPLY ~MBYlg

ADD ON 0,1 S
I' NEO~TIVE ADD 10000

~NconE RESUlT 0 1-2-.-8 BCD
AND STOqE. IN 411B IT BurrER

SU8T~ACL,tNITlALCROSS,TRAr.t<
r~()11 PRF!SENT POSITION

t:

NORMAl! SE RESULT
TOjIS IS CROSSTRACI< RESULT

,OR DISPI.AY,OUTPUT

DIVIDE TO GET o,'u ,5 or 1</1

,..lJLTIPLY cROSS KM BY 100

AflOl'llj 0,01 S KM
c~ECK QNPOSITION orrORWARDI

REVERSE',SW ITCOj ,C
I' Olf r.OMPLEMEIIITRESULT

SAVE ,OR ~ETEROUTPUT

!S I'" POSITIVE?
YES
,..AKE posI'IVE AND CHA~GE
oVER,THE LErT/RiGHTLIGHT

GF.T ',4 DECIMAL DIGITS
... "n ~TORE IN 40 BIT Bur'ER



PAGE 0010 02 •••••• DOPPLeR SUBROUTINE 11/5/13 ••••• ~

TEST IF GT· 2046

yES- SET ~QUAL TD MAX,POSSI8LE

TEST IF LT -2048

pICK UP CROSS ~RACK bISTANCE
MULTIPLY il'l'20TO GIVE APPROX

1 KM FULL SCALE DEFLEC.TION·
ON THE METER

YES-SET EOUALTOMINPOSSIAL.E

OlJTPUTCROSS lRACt<TO J~lDJCATOR

METER:

O:~ CHANNEL. 9 OF
D/A MP~

LOA DTHf>l
ALS
STA 1
ALS,ALS
AOA 1
Al.;S
STA OTHPl
SSA
Jf1P DOP21
AllA =U-2048
SSA
.,)HP DOP22
l.;OA =1J2047
JtlP DOP22+1
ADA =02048
SSA,RSS
Jr1P I)(jP22
L.DA =u-2048
.,)rlP Dbp22.1
L.OA DT/1Pl
ANI) :tJ7777
sTA 1
LOA =ll8
JS8 ,UTA

OOP~l

DOP22

010e.·.
0109". QUTPUT CROSS TRACKA~ALOGUE VOLTAGE rOR L.FP-RIGHT
0110 ••• I ND I CATOR IN f"RONT OF PI LOT -10 V TO +10V ;:QU IV
0111 ••• TO APPROX 1 KILOMcTER
0112· .. •
0113 00352 06Q031~

0114 003~3 001000
0115 00 354 0 7 0001
0116 00355 001020
0117 003~6 C4Q001
0118 00357 001000
0119 00360 0700318
~120 00361 002020
U!21 00362 026370~

0122 00363 0~2715H
0123 00364.0J2020
0124 00365 026375~

0125 00366 062707H
0126 00367 026J76H
0127 00370 042716R
0128 00371 002021
0129 00372 026375H
0130 00373 062715~
0131 00374 026376~

Ot32 00375 060031~

0133 00376 012717H
Ot34 00377 070001
0135 00400 062714H
0136 00401 01667JH



PAQE 0011 02 •••••• DOPPLER SUBROUTINE 11/5/73 ••••••

JOPPLER COURDINAT~S fOR OUTPUT ON MAGNETIC TAPE. DRIGI~ FOR
F" L. I (j HTeA r; llI:: EST AEl LI SH!:: D El Y SeTT rr~ G 8 I T ~ 0 F SWIT CH RE: G1ST ER
a E: F" aRE THE COli H!: NeE nE rH 0 F" Re COR DHI G• 0 Tfi r: RWI5 E 0 RIG IN I 5 5 ET
AT START OF" FIRST LINe

0139 •••
014U.··
0141.··
0142···
0143·· •
0144 •• •

DOp32
le
::1J4

OHIGN
DOP33
I~TLN

OHIGN ORIGI" AL.READY S~T?

SAVE sTARTING CROSS TRACK

SAVE STARrING ALONG TRACK

yES
SET ORICll: FOR MT 60PPLER

SET OR! GlIe FLAG

NO
yES
CLEAR SWi~ChREG!STER

,...

ISiT STAR T 0 F" 1 0 SEC 8,~O,C t< 7

NO
pICK UP ADDRESS OF MT BUFFER

ArID SToRE
HAS RECOR!J I NG F"OR ,FLl GHT STARTED

yES
NO - IS F"IRST LINE STARTING ND~?

yES
NO - GET SWiTCH REGISTER
IS DOPPLEri ORIGIN BIT ON?

EXDOP
DOPOQ,I
DOPAD
ISTL.N

LllADK3,1.
CPA . '" lJ-50
RSS
,J~'P

L.nA
STA
L.IJA
SZA
j~IP Dop34
LOA L'!NE,!

. SZA
jMP
L!A
erA
RSS
jt1P DOPJ4
CLA
OTA 1
!rJA
STA
jrlP
STA
LDA
SZA
,JrlP DUP;5 4
LOA LF'ART
ellA,INA
5 TA L r'K /11
L.LIA Lr UL.L
CtlA,INA
STA UKH1
LOA X.... ART
ellA, It/A
STA Xr'KMl
LllA XrULL
er1A, If/A
STA XH<1I1

UOPJ3

DClP31

IJOP32

00402 16003fJ!:l
00 403 052720~

OU4()4 0020n
an4U5026472H
00406 1620 4 3rl
00407 070025t:l
00410 060020!:l
00411 0020C2
00412 0264471-1
00413 160026t:l
1J0414 0020n
00 415 0264?7H
0041 6 1025 Ql
00417 G~j27"21K

00420 a02J'Jl
00421 026447~

00422 0024':'0
00423 102601
iJ0424 002004
00425 C700'=1!:l
00426 026433r/
00427 07002Dt:l
00430 'J600J1t:l
00431 a02U·~?

00432 a26447H
a0433 06001tltl
00434 \.1030')4
00435 a70021t:l
1)(\436 800011t:l
')0437 (0301)<:
Q04'; 0.0 7 0 0 22l:i
00441 060012t:l
a0442 00301]4
a(J443 :;70023d
a0444 060013d
00445 0030(:'4
00446 'J7002 4 l:i

0145
0146
0147
0148
0149
0150
0151
0152
01 53
0154
0155
0156
01 57
0158
0159
iJ160
0161
0162
0163
0164
0165
0166
0167
,J168
0169
0170
0171
O!n
0173
Di74
0175
0176
0177
0178
0179
0180
0181
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0184
0185
0186
0187
0188
01139
0190
0191
0192
0193
0194
0195
0196
0197
0198
0!.99
0200
0201
0202
0203
0204

)
00447 060010~ 0PP34
00450 040021~ i',

00451 0640111::1 j
~~:~~ ~~:~~~~ / .

00454 016474~!
00455 170025tj,
00456 0340258
o0 45 7 1 74 0 2 ~,!;
oU 460 03402 5'tj
00461 060U12~,
00462 0400231::1
00463 Q64013~

00464 0440241::1
00465 016624R
00466 016474R
00467 170025d
00470 034U25~

00471174025~

00472 036043r1 C-:DOP
00473 126043r1

LOA Lfo'ART
AVA U'KHl
LOB LFULL
AUB U KMl
JSB D.... SUM
JSB DUPXY
STA DUPAU,1
ISZ DOPAD
STB DUPAU,1
ISZ DOPAO
LOA XPART
ADA XPKI'11
LOB XFULL·
ADB XFKt11
JSB O.... SUM
JSB DlJPXY
STA DlJPAO,I
ISZ DUP~U

STB'DOPAU,I
ISZ nopoo
';M~!,UPO{J, I

"

'11

SlJATRACT I NI Tf AL ALONG TRACK
FROM PRESENTD I STANCE -<~,

~:,,:.""

NORMALISE RESULT
GET 24 BIr BINARY RESULT

AND STORE: IN l:iuFFER

SunTPACTINITIALCROSS~RACK
FROM PRFSENT DISTANCE

NORMALISE RESULT
GET 24 BIT UINARv RESULi

AND STORF IN BUFFER

BUtlP RETllflN "r:ORESS
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nopX't FORMATS TIt~DOPPLt:R eOURDS FOR HT OuTPUT. THE RESULT I S A
24 HIT ilIr~AHY NUM8ER WITH ~ITS 0-19 rORMI'~G A S[G~~ED QUANTITY IN
TWOS COHPL~M~NT HUDE, BITS 20-23 ARE ALWAVS ZERO; WHEN .
PROCESSING IN LARGE COMPUTER NEGATIVE NUHRERS ARE EXTRACTED
JSING THE HEL~TION IF(N.GT.52~267)N=N.l048576

I',

32 OIT RF.SULT. IN Bi'

ISOLATE LnwER12 BITS
, ArID SAvE

'., r·'
DIVIDf: BY SCALE FACTOR TO GET,

o.nfsnFKM , ,.'
CONVERT To DOUBLE PRECISION

,'I

DOUBLE PR~CIsrON ~PY BY 100
"\
'f

AOD ONO .'){ .S OF KM

MERGE IN~ITS i2~15

ISOLATE SiTS 12-15
A"m SAVE

PART KM
KM

24 AIT REsULT INAB

SHIFT B 4 PL~SES l.EFT

CO'JVERTKH TO COUBLE PRECISION

l'
ur~,P3
DTMP2
oOP)/'( I 1

DTHP2
DTMP1
i87777
DTMP2
DTMP1

NOP
ST A,OH1Pl
STB oTHP3
CLB
SSA
criB
DIV SCL02

srA DTMPl
Cl.B
SSA
Cf1B
STB oTMP2

Lo'A UTHP3
CLB
SSA
CMB
JSB D'1Yl0
JSB DMY10
CLE
ADA OTMPl
SEZ
ItJB
ADB
STA
AND
STA
LOA
ALF
AND :ti17
ST A. DTMP3
LOA' :~360

BlF
AliI)

>, IOR
LOB
J~lP

oe01···
0802 •••••• THE FOLLOWING SU~ROUTIN~S ARE USED BY THE DOPPLER PROGRAM!••
oe03···
0004 •••
Q805···
01106···
0007 •• •
~908 •••
0809· .. •
0810 00474 000010 UOPXY
0811 ~0475 070031~

0812 00476 074033~

0113 00(77 006400
01114 00500 002020
01115 00501007000
0816 00502 01~OC1X

00503 000046~

01117 00504 070031~

0818 00505 006400
0819 00506 0~2020

0120 00507 007000
0821 00510 074032~

0022 00511 060033U
01123 00512 006400
0124 005~3 002020
01125 00514 e07000
0926 00515 016541~

01127 00516 016541H
OD28 00517 000040
01129 00520 040031~

0830 00521 002040
0831 00522 006004
0032 00523 C44032~

0033 00524 070031d
0034 00525 012717H
01135. 00526 070032~

0836 ~0527 Q60031~
01137 00530 001700
0838 00531 012722H
0039 00532 07003J~

01l4~00533 062723H
0841 00534 005700
0142 00535 010001
0843 00536 OJ0033~

OD44 00537 064032d
0045 00540 126474H

"
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01"8···
0049 00541 000000
0850 00542 000066
Oa51 00543 005600
0852 00544 070034~
GG53 00545 074035~

0054 00546 000066
0055 00547 005600
0856 00550 000066
0057 00551 0056JO
0058 00552 000040
0859 00553 040034~

0060 00554 002040
0161 00555 00 6 00 4
0062 00556 044035~
0063 00557 126541~

DltYl0 NOP
CLE,ELA

<, EL.B
STA DTHP4
STB DTHP5
CLE', ELA
ELB
CLE,EI.A
ELB
CLE
ALJA DTHP4
SE:Z
I NB,
ADS DTHP5'
JHP DHY10,1

DOUBLE PRECISION HPYBY 10

0065 •••
0066··· T:Jl S SUo ROUT I tiE CONVERTS AN INTEGER (1UANTrTVI N THE RANGE
0&67 ••• 0' TO 9999'T 0 8-4-2-1 HCll
0068"~

RESULT0069 00560 OOOOCO E:IlCOU NOP RETURNED IN , AA
0070 00561 0700'=1 STA 1
0&71 00562 006020, SSB CHECK IF t,lEGAT IVE
0972 , 00'>63 026621~ JHP TOBlt> REJECT
01'.173 00564 046724~ AnB =P"l0tJUO
0074 \)0565 ~:)6021 SSEl,RSS .. CHECK IF TOO L.ARGE
0875 00566 026621fol JllP TOBIG REJECT
0976 00567 006400 CL.B
01'.177 00570 C42725R ADA :0-1000
0878 00571 002020 SSA
OG79 00572 02657511 JI1P .+3
0080 00573 0060QI' IrJA
IHl81 00'>74 026570,: JHP .-4
1)1182 00575 042726~ ADA =1l1000
008,3 005,76 005727 , 8L.F,BL.F,
DG84 00577 042727H ADA =U-100 GET 100 S
oe85 00600 002020 SS,A
01186 00601 0266'4~ JMP .+3
0087 00602 0060:)4 INS
0888 00603 026577H JMP *-4

"

0189 00604 042730~ ADA =U100,_
Ofl90 00605 074035~ STH DTHP5
0891 00606 0064<)0 Cl.B i'

01192 00607 34273111 ALJA =0-10 GET 10 S
01193 00610 00202C " SSA
0094 00611 0?6614H J~IP ·+3
0995 00612 0060:)4 IrIB
0896 00613 026607fol Jrtp *-4
0091 00614 042732F1 ADA :U10

,rr·,
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HORETHAN 1 KM?

MORE THAN 1 KM?

AND UNITS

NO
yES '- SAVE ADJUSTED PART KM
AND ADJUSTWHCLE~KH

NO ,': .
yES - S,A.VFASSUSTED PART KM

ANn A'JUST w~OLE KM

cHE: K THE SIGNSrAND MAKE THEM
THE SA/iF.

TOO RIO SC)"OUTPUT ZEROS

FRACTION OF KMIN SVNCHRO UNITS
INTEGRAL ..:ILOMETRES
POSI ,.IVE nRNEG4T:!.Y,E?
POSITIVE
NEGA TlyE ..

DTMPl
=11-1
DTMP2
DUP42
SCL04

DUP4b
=U"l
SCLC3
DPSUM,I

UF'SLJM ,NOP
STA UTMP1
~TB DTMP2
'SSA,RSS
JMP ,DUP41
ADA. SCL03
SSA, RSS.­
JMP DUP42
INA
STA
ADS
STB

'JMP
AIlA
SSA
JI·1P OOP42
STA DTMPl
Itla
STB DTMP2
LDA ,DTMPl
LUS DTMP2
SZA,R:>S
JMPDOP46
SSA
J~lP DOP44
SZB, RSS'
JI1P DUP4b
SSS,R::lS
J~lP DUP46
ItJS
AUAScL04
JMP-;- DlJP46
SZB,RSS
JI1P LJUP46
SSB
JI1P
ADS
ALIA
JI1P

UOP42

UOP4b

UDp44

DOP41

000000
070031t:l
074032t:l
002021
026641R
040047t:l
002021
026647H
C02004
C'70031t:l
046733H
('74032t:l
C'26647f-l
0400500
002020
C26647f-l
070031t:l
006024
C74032t:l
Oci0031t:l
O"'4U~~2t:l
CJ20(l3
026672H
0<12020
0?6664f.l
Q060:J3
C26672H
006021
0?667?R
0060('4
0400500
026672f-l
GJ60l'3
(l26672H
C06u20
026672f-l
046733R
040047t:l
126fl24H

0100 00615 005727 8LF,BLF
0101 00616 044000 ADB 0
0102 00617 060035~ LDA DTMP5
0103 00620 126560~ JHP ENCOD,I
0104 00621 002400 TOBIG CLA
0105 00622 0064CO CLB
OtQ6 00623 1?6560H JHP ENCOD,I
0107.. .-r010a .. T:i1 S ROUTI iH: CHECKS FOR' OVE~rLOw OF THE PART KM COUNTER, I r THI S0109 .. OCCURS THEWHOI.E KM COUtHER IS I NcREMF.NTED 'AND rHE PART COUNTER0110 .. SUITADl.Y REUUCl:D, THE SIGN or BOTH PARTS Is .ALWAYS KEPT THE SAHE0111"
0112 00624
0113 00625
0114 00626
0115 00627
0116 00630
0117 00631
0118 00632
0119 00633
0120 00634
0121 00635
0122 00636
0123 00637
0124 00640
0125 00641
012f) '00642
0127 00643
0128 00644
0129 00645
0130 00646
0131 00647
0132 00650
0133 00651
0134 00652
0135 00653
0136 00654
0137 00655
0138 00656
0139 006~7

0140 00660
0141 00661
0142 00662
0143 00663
0144 ·)0664
0145 00665
014600666
0147 00667
01480,11670
0149 00671
0150 00672
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,
D/A nRIvER FOR DOPPLER PROGRAM
POSITION CHANNEL NUMBER

MERGE INiJATA
ANn OUTPuT

AND T~HPonARi STORAGE AREA .~••••

1
UASC2
DASC2,C
I UT J.,z
128

NOP
ALF,AL.F
ALF
IOR
oTA
STC
JtlP
EauDASC2

000000
001727
001700
0300G1
102612
103712
126673H

0153 00673
0154 00674
0155 00675
0156 00676
0157 00677
0158 00700
0159 00701
0160 00012
Ji61·.·
0162 .... 0* coqSTAtlTS, SCAL~ FACTURS
Ot63···
0164 00000· ORB
0165 00000 oooor.o ISTIJP NOP
0166 00001 OJOOOO U8IGN NOP
0167 00002 DOOO~O LSY~ NOP
016~ ~0003 caoooo XSYN NOP
0169 vooCt4 Oi)OD~O LSYIIO NOP
0170 00005 000000 X~YNO NOP
0171 00006 ~QOOCO LSYN1 NOP
0172 00~07 000000. XSYN1 NOP
0173 00010 o~OOOO ilrART NOP
017-1 on011 ooooeo. ;"rUI.L: NOP
0175 OO~12 o~OOOO xrART NOP
0176 00013 COOOOO .~fUI.L NUP
0177 00014 OOoo~o i0K10 NOP
0178 00015 cooo~6 ~r~MO NOP
0179 00916 coooeo I.~K"O Nap
LIlao 00917 O.Joo~o LfKrlO Nap
0181 00120 oooOOolSTI.N Nap
Jt 8 2 00 J21 0·) 00 00 Lf' K111 Nap
J183 00022 '00000 LFKMl Nap
01d4 00023 OUOO~O J~~'l Nap
0185 on )24 oaooDO; i. ·1 NOP
0186 00025 OOOOQOU0~AU NOP
'J187 00:'26 0000':0 LINtNOP
0188 1)0 J?7 OOOO'JO I tlPuT JWP
0189 00030 000000 D~;3 NOP
J190 OOJ31 ooco~o UTH~l NOP
0191 00032 CODuCO DTMP2 NOP
0192 00J33 OOOO~O DT~~J NOP
0193 OOJ34 GQOu~O UT~~4 NOP
0194 00J35 I)OOO~C UTMP5 Nap
0195 00)36 000000 USP~S NOP
J196 00037 ~OOO~O UC .. TR NOP
0197 OOJ40 OJOOjO REG40 NOP
019A onJ41 000000 UDATA Nap
0199 00J42 )00000 ISTRS NOP
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MAX ~pEED 200 KNOTS
Mlr! SPEED 40 KNOTS
SYUCHRO U:oITS PER 1/10 KM
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