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SUMMARY

(by J. Pinchin, B.M.R.)

A marine geophysical survey of much of the
Australian continental margin, the Gulf of Papua and the
Bismarck Sea was conducted by Compagnie Generale de
Geophysique (C.G.G.) under contract to the Bureau of Mineral
Resources between September 1970 and January 1973. The work
was divided for administrative convenience 1into eleven
surveys, the Gulf of Papua and Bismark Sea numbered 5 and
the continental margin, numbered 10 to 19. A total of
100 000 nautical miles was traversed in waters between about
50 m and 4500 m deep at a line spacing which varied from 10
nautical miles in the Gulf of Papua to 20 nautical miles off
the east coast of Australia and 30 nautical miles 1n the
west

All of the data, except seismic, were acquired 1in
digital form on magnetic tape using small electronic
computers to control and monitor the input. All important
measurements were recorded also in analogue chart form, both
for monitoring the measurements and for backup 1n case of
failure of the digital system.

The primary navigation control was performed by a
satellite Doppler system, and continuous positions were
obtained by the use of sonar Doppler equipment to
interpolate between the satellite fixes. For backup to the
sonar Doppler, a Chernikeeff electromagnetic log and
pressure log were operated continuously. The outputs from
the Sonar Doppler and logs were recorded on the digital tape
along with the gyrocompass bearings.

Total magnetic field measurements were made using
a proton precession magnetometer with the sensor towed about
200 m behind the ship. Gravity measurements were made with
a LaCoste & Romberg marine gravity meter mounted on a
gyro-stabilized platform near the centre of the ship The
seismic system comprised of a six-channel cable and a
single-channel cable both connected through a standard
seismic amplifier bank to an analogue magnetic tape recorder
and analogue chart recorders. The seismic energy source was
a 120 kilojoule sparker. Water depths were measured by two
depth sounders, one designed for shallow water and the other
for deep water.

This report describes briefly two data acquisition
programs used successively during the survey, and phases 1
and II of the subsequent office processing of the
navigational, gravity and magnetic data.

The data were acquired using a Hewlett
Packard 2116B computer on board ship. All non-seismic data
were sampled at 10 second intervals, re-formatted into 32
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channels and digitally recorded using the data acquisition
program This program also computed the dead-reckoned

position and provided an analysis of the data reliabilaity
and a printout of data values for on-board use 1in quality

control, plotting and further computations.

Phase I of the office system converted the field
tape into standard C.D.C. 3600 or 6600 tape format, removed

errors such as gaps or spikes from the data and replaced
lost data by those digitized from the analogue charts. It

also ensured that the recorded time values were 1in sequence.

The purpose of Phase II was_ to re-sample the data
at one minute 1intervals, correct the gravity measurements

for the Eotvos effect, and to 1interpolate the shap's
position between the satellite fixes.

Phases III and IV are to be done later by BMR.

They include correcting for navigation errors, reducing the
misties at intersections by stataistical methods and

producing final contour maps and profiles.

This report was written by Compagnie Generale de
Geophysique. The views expressed are not necessarily those

of the Bureau of Mineral Resources.
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INTRODUCTION

The combined marine geophysical surveys of the Gulf of Papua
and the Bismark sea and of the Continental margins of
Australia were carried out from September 4th 1970 to January
6th 1973 by Compagnise Generale de Geophysique for the Bureau
of Mineral Resources, Department of National Development of

the Commonuwealth of Australia.

The aim of this report 1s to descrabe the main steps and
programmes of the computer processing of the above surveys.
When quoted in the report, the geophysical survey of the Gulf
of Papua and the Bismark sea will be called Survey 05, the
geophysical survey of the Continental margins of Australia
will be represented by Surveys 10 to 19. Faigures 1l and 2 gave

a breakdown of the different areas.

Processing of these surveys was carried out first on the C.D.C
3600 of the C.S.I.R.0. 1n Canberra, then on the C.D.C. 6600

in Sydney, a terminal being available at the Bureau of Mineral
Resources. Programmes were written in FORTRAN language, except

special subroutines written in C.D.C. assembly language COMPASS.

The main divisions of the report are as follous Ship-board
acquisition 1s first described, then phases I and II, phase
I begins when a magnetic tape 1s received from the ship,
phase II ends when the data on the output tape are stored

in a special format necessary to carry out further processing
with B.M.R. programmes. Finally, a descraiption 1s given of
special programmes designed for use out of the main flow of

processing.
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I. DATA ACQUISITION PROGRAMMES

During the surveys, two programmes were successively
used first, C.G.G.'s MISER (from survey 05 to survey 16),
and then B.M.R.'s JOY (from survey 17 to survey 19). In
the two programmes, the following functions are performed

¥ Formating and pecording, in digital form, of all
non seismic data, 1 e. 32 channels. Sampling rate
10 seconds.

* Maintenance of an analysis of the reliability of
the data recorded.

* Maintenance of dead reckoning.

* Production of regular praint-outs required for

checking and/or computation of results on board.

The computer used was a Hewlett-Packard 2116 B.



I 1 - MISER characterastics

*¥ Ability, at any time, to print out, one by one, the
instantaneous value of each channel This allous
analogue to digital cross checking.
* Ability, at any time, to change the calabration
(origin and slope) of the 20 channels recorded 1n
analogue form.
* Abilaity at any time tohmodlfy the rate of change and
the threshold which 1s the criterion of reliabilaty for
gach of the 32 channels recorded Every new value 1s
compared to the previous one within the gate defined by
the rate of change plus or minus the threshold. If the
criterion 1s not satisfied, an error counter 1s
incremented.
* Maintenance of three systems of dead reckoning

- Sonar Doppler.

- Chernikesff Log plus compass.

- Pressure Log plus compass.
These are reset via the teleprinter at satellite fix
times.
* Systematic 10 minutes prant out of

- values of the 32 channels (play back of the

tape).
- content of the 32 error counters.
- positions of the ship according to the three

systems of dead reckoning.



* The generated tape contains blocks of data consisting
of 15 scans, sach scan containing 32 values, sach
represented by 2 H.P. words 1in floating point format.
Each word 1s then stored onto the magnetic tape as three

characters with one bit common to consecutive characters

(Frg. 3)

I .2. JOY characteristics.

* Three possible states labelled 1,2 or 3.

STATE DATA IN DATA OUT TO TAPE
1 No No
2 Yes No
3 Yes Yes

* Data input to the computer 1s recorded onto magnetic
tape unaltered, but data out to teleprinter and used in
core for dead reckoning computations may be multiplied
by convenient scaling factors.

* Dead reckoning 1s computed every 10 minutes.

* If the time interval between 2 consecutive satellite
fixes 1s less than 6 hours, then the programme computss
a corrected post navigation and carries out geophysical
computations such as. free air anomaly, Bouguer anomaly
and magnetac anomaly.

* Possib1lity to perform a dump of the content of core
memory.

* Through a routine, the user can force a synchronisation

of the time 1f the programme has failed to do so.



FIG 3

1Vt 2]3tastTel7rreloliwolulTizlztiajis! e

HEWLETT PACKARD 21168 16 BIT WORD
REPRESENTATION IN THE COMPUTER

MISER JOoy
] 16 1
MANTISSA INTEGER |
SIGN_ OF
MANTISSA
8] 1 3
MANTISSA ExPONENTﬁ INTEGER 2
SIGN  OF
TWO WORDS USED FOR EXPONENT ONE, TWO, OR FOUR WORDS
EACH DATA ITEM USED FOR EACH DATA ITEM
;Zg iom = In |+ Integer_2
avigation = Integer 1000
1{2]3]14]|5(|6
TAPE
6|7(819|10|1! 18 BITS (3 CHARACTERS )
MOTION ni2pi3 15|16
L i
HEWLETT PACKARD 21168 16 BIT WORD
REPRESENTATION ON THE MAGNETIC TAPE
CDC WORD
1 i8]t 3637 P&
~~ H P WORD | -==~ H P WORD 2 —==— H P WORD 3 WgRD 1
T F(E] 30[31 4g]a9 60|
HP WORD 4+~ H P WORD 5 -~ H P WORD 6 —1+H P WORD 7 2
H Pe[7 24125 42[43 60
WORD - H P WORD 8 - H P WORD 9 -« H P WORD 10 — 3
7
] 8 60
~— H P WORD 1l —» 4
L _J

H P WORD AS READ OFF TAPE AND
STORED IN THE CDC 6600 MEMORY

DATA TAPE FORMAT




* The generated tape consists of 16 scans of 32 channels

of data wherein the first scan of each block is a duplicate

of tﬁe last scan of the preceding block. Each channel
of data is rescorded using from one to four Hewlett Packard
words of integer format, and then written onto magnetic

tape as three characters per word. (fig. 3)

In both programmes, the content of each channel is the

~same. A listing is given in Apbendix'l.
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II - PHASE I.

EFrrors afe present in the. data collected on board
the ship. The-pdrpoée of Phase I is to correct these.errors
with the object of having a 10 second data tape representing
as nearly és poésible tHe true valuss being'measuredAby the

various sensors at the time of recording.

The three main programmes of Phase I ara:‘(seelfig.a)
- CATCH: converting the fisld tape.
- PREVEU:;automatic error removal.
. MISDAT: final error removal and inclusion of

digitized or manually provided data.



IT - 1 - CATCH

The purpose of this programme is to read the field

tapes and convert the data to standard C.D.C. 3600 or; 6600

format.

As the field tapes contain various anomalies, whilst
reading and converting them,; CATCH has also to perform some

additional error detection and correction processes.

II - 1 - 1. Problems encountered and additional processes.

*¥ The fiéld tapes'do.not‘aluays,have'a label.

- On the C.S5.I.R.0. C.D.C. 3600, .the onlyvéolution.
was repeated running of tﬁe pr0gramme reading the tape.

- The C;D.C; 6600 reads these tapes with no problem.
*.—Parity errors when reading the field tape. '

- The C.S.I.R.0. system was unable to handle this

. problem in FORTRAN; therefore a programmelhad to be written

invCOMPASS._

- FURTﬁANnon the C;D.C. 6600 is of a leﬁel of
sophistication that can cope with this problem.
* When the field tape was uwritten, there obéurred three
inter-related problems: |

(i) short interrecord gaps.

(ii) noise before data in a record which appeérs
to the programme reading the tape as character or frame-shift..

(iii)tape skew problem. ;



The programme on the C.S5.I.R.0. system was suitable
only for daté collection Fbr.Survey 05 since it used the fact
that channels 21, 23, 29, 31 should contain zero to paosition

the data within the record.

The C.D.Cf 6600 is more tolerant of such problems;
therefore, CATCH was written to utilise the following procedures:
a - Réreading of the record of data
5 - Searching for the channel that gives the least
numbef of time sequence errors and defining this channel as
the tihe.chahnel.
. ¢ - Rejecting short records.
-d - Détailed exception reporting.
* For various reasons,. the tihevvalue recorded on the tape

could become erratic.

On the C.S.I.R.0. system, the programme assumed
that the time jump required correction by an exact mﬁltiple

of 24 hours, positive or negative, as this was the most common

-~

‘occurance.

CATCH on the C.D.C. 6600 interpolated the time if
no more-thén_three consecutive valuss were inconsistent,
otheruise it reported full details and correction cards were

intrbduced into the following programme, PREVEW, to overcomé

. the probleh.

¥ For surveys l?,'lB and 19, if a clock béat is lost, then
for all channels, each Heuwlett Packard character on tape is

77 octal. The record is sometimes wuritten on tape with these



characters, for all channels in the last part of the record

-and then, the next record uritten has these characters in

the first pért of the record.

No processing of these tapes, in production work,

was carried out on the C.S.I.R.0 system.

"The C.D.C. 6600 CATCH had to. be sophisticated to

deal with this prdblem and ﬁhen, sometimés, short fecords

would be rejécted.

* Also for Surveys 17, 18 and 19, random END OF FILE (E.0.F)

'marks among the data records, compbunded by no E.0.F. at the

end of the data, created an additional problem that was solved

in the following way on the C.D.C. 6600 system:
First, CATCH required a check for the random E.O.F
marks and an option to read a fixed number @f records single

buffered.

Second; a small programme was written that read the

'~ tape, printing the labeljand'then, searching for two consecu-

‘tive E.O.F. marks. If this condition was not.met, then the .

fape ran off the eﬁd of the tape reei, but ths number of
records was found,

* Various of the prsviously mentioned ppoblems in using the
field tape on the C.D.C. 6600 caused an additional complication.
When the data was converted to C.D.C. 6600 format, any

arithmetical dperation-uith it could cause a computer hard-



FIELD TAPE ERROR REPORT,”

soasounnes NON-SEQUENTIAL TIMES - 0.0000 FOLLOWED BY 1003.1240 IN LINE 1

 LENGTH ERROR IN INPUT BLOCK NO  S3, LENGTH= 261 A
N : ' LENGTH IS THE NUMBER OF CDC 6600 WORDS REQUIRED TO HOLD

PARTTY FRROR IN INPUT BLOCKNO 54 THE HP BLOCK :298 in normal case
- LENGTH ERROR IN_.INPUT BLOCK NO  S4s LENGTH= 8
- mosessnuas NON-SEOUENTIAL TIMES - 1005,2230 FOLLOWED BY 1014.5740 IN LINE ~ 1
(SCAN)
LENGTH ERROR IN INPUT BLOCK NO 67, LENGTH= 168
_ wesssenos NON-SEQUENTIAL TIMES - 1015.2730 FOLLOWED BY 1103.1240 IN LINE 1
LENGTHM ERROR IN INPUT BLOCK NO 349. LENGTH= 186
_peseseooce NON-SEQUENTIAL TIMES - "1114.5500 FOLLOWED BY =101.0100 IN LINE 1
sawasanass NON-SEQUENTIAL TIMES - =-101,0100 FOLLOWED BY -101,0100 IN LINE 2
. vesannanes NON-SEQUENTIAL TIMES - =101.0100. FOLLOWED BY =101.0100 IN LINE 3
saouBBasss NON-SEQUENTIAL TIMES - <101.0100 FOLLOWED BY -101.0100 IN LINE 4
sassnausn NON-SEQUENTIAL TIMES - -101,0100 FOLLOWED BY =101.0100 IN LINE 5
soonanason NON-SEQUENTIAL TIMES - -101.0100 FOLLOWED BY -101,0100 IN LINE 6
suananonss NON-SEQUENTIAL TIMES - =-101.0100 FOLLOWED BY =101.0100 IN LINE 7 CATCH
#aenonREDs NON-SEQUENTIAC TIMES - =-101.0100 FOLLOWED RY =-101.0100 IN LINE- 8 :
sousseuses NON-SEQUENTIAL TIMES — -101.0100 FoLLOWED BY -101.0100 In LINe. o FIELD TAPE ERROR REPORT
sansnanoss NON-SEOQUENTIAL TIMES = =101.0100 FOLLOWED BY 1114.5640 1IN LINE 10
LENGTH ERROR IN INPUT BLOCK NO 376¢ LENGTH= 242
snasusnnne NON-SEQUENTIAL TIMES - 1116.0000 FOLLOWED BY =101.0i00 1IN LINE 1
saposBLORY NON-SEQUENTIAL TIMES - =-101.0100 FOLLOWED BY -101.0100 1IN LINE 2 _
sEBaEBARGS NON-SEQUENTIAL TIMES - =-101.0100 FOLLOWED BY -101.0100 IN LINE 3,
sonsBEaED NON-SEQUENTIAL TIMES - -101,0100 FOLLOWED BY =101.0100 IN LINE 4
sansoesRns NON-SEQUENTIAL TIMES = =-101,0100 FOLLOWED BY =101.0100 IN LINE s
T NON-SEQUENTIAL TIMES - =-101.0100 FOLLOWED BY =101.0100 IN LINE 6
sunpsannon NON-SEQUENTTAL TIMES - =-101.0100 FOLLOWED BY -101.0100 IN LINE 7
. senunanass NON-SEQUENTIAL TIMES - =101.0100 FOLLOWED BY =101.0100 IN LINE = 8
Hassunnans NON-SEQUENTTAL TIMES - =-101,0100 FOLLOWED 8Y -101.0100 IN LINE 9
sevnnaseos NON-SEQUENTTAL TIMES - =101.0100 FOLLOWED BY =-101.0100 IN LINE 10
sozsnonans NON-SEOUENTIAL TIMES - =-101.0100 FOLLOWED RY -101.0100 IN LINE 11
woiaonnes NON-SEQUENTIAL TIMES - =101.0100 FOLLOWED RBY =101.0100 IN LINE 12
RunsREREDL NON-SFOUENTIAL TIMES - =-101.0100 FOLLOWED BRY 1116.0210 IN LINE 13
ALOCK »T1TH 13 TIME.FAULTS - DELETED. BLOCK NO 377
LENGTH FRROR IN INPUT BLOCK NO S48s LFENGTH= 242
Bepnrennus NON-SEQUENTIAL TIMES - 1123.0730 FOLLOWED BY ~101.0100 IN LINE 1
wasansanne NON-SEQUENTTAL TIMES - <101.0100 FOLLOWED RY -101.0100 IN LINE 2
BaRaREouBL NON-SEQUENTIAL TIMES - =101.0100 FOLLOWED -BY =101.0100 IN LINE 3 .
suavuRRELs NON-SEQUENTIAL TIMES - =-101.0100 FOLLOWED RY =101,0100 IN LINE 4
sunprennns NON-SEQUENTIAL TIMES - =-101.0100 FOLLOWED BY =101.0100 IN LINE 5
ITTTTL R NON=SEQUENTIAL TIMES - =-101.0100 FOLLOWED RY -101.0100 IN LINE 6
suennoRnuE NON-SENUENTIAL TIMES - =101.0100 FOLLOWED RY =101.0100 IN LINE 7 -
sponBEsRoD NON-SEOUENTIAL TIMES - =-101.0100 FOLLOWED BY =101.0100 IN LINE 8 3
nepnssnsnn NONM-SENUENTIAL TIMES - =-101.0100 FOLLOWED RY -101.0100 IN LINE 9 §
saneewnsese NON=SENUENTTAL TIMES = =101.0100 FOLLOWED BY =101.0100 IN LINE 10 o
GansotEans NON=SENUENTTAL TIMES - =101.0100 FOLLOWED BY -101.0100 1IN LINE 11
T NONM-SEQUENTTAL TIMES = =-101,0100 FOLLOWED BY =101.0100 IN LINE 12
wousaEuE: NON-SERUENTTAL TIMES = =-101,0100 FOLLOWED RY 1123.0940 IN LINE 13
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ware error. This was remedied by an additional routine in

the .programme MISDAT.

ITI - 1 - 2. CATCH outputs.

i - Magnetic tape.
It consits of 60 scans blocks, each. scan being 32 valuses; if

gaps in timeiof 1 or 2 scans have occufred, the value 1.0 E10

will have been substituted in phannelé 2 to 32, otherwise the

data will not have been altered{ lnput blocks from the field
tape with the cpfrect lehgth aﬁd the w#ong parity'uill’étill
be'utiliséd, but if the length is éhort, it will be.ignofed.
Tape format is given in Appendix I.
ii - Reporté. i |

The first one (fig. 5) notifies errors on the field

~tape of the following typé:

parity
block length
time sequence errors
timQ misalignments.
The second oﬁe notifies points with time breéké
that have not been corrected by CATCH and indicates extent of
time porréctibns performéd if ény. Hiétograms afevalso

produced of channel differences batUeen each sample.

(Fig. 6 and 7)..

II -1 - 3. CATCH assaessment.

The feports provide information to determine the

values to be. input by cards ‘to the next programme PREVEW and



CHANMNEL CONVERSTION MATRIX

CATCH CHANNEL 1 USES HP CHANNELS 1 2 3 4 -

CATCH CHANNFL 2 USES HP CHANMELS 5 0 0 0 CATCH PRINT-OUT

CATCH CHANNFL 3 USES HP CHANNELS 6 ] 0 0 SURVEY 19

"CATCH CHANMNEL 4 HSES HP CHANNELS 7 0 0 n

CATCH CHANNEL ' 5 USES HP CHANMELS 8 0 0 0

CATCH CHANNEL A 11SES HP CHANNELS 9 10 0 0

CATCH CHANNEL 7 USES HP CHANNELS 11 12 0 0

CATCH CHANNEL 8 SFS HP CHANNELS 13 14 6o 0

CATCH CHANNFL Q _IISF.S HP CHANNELS 15 16 0 0 .

CATCH CHANNFL 10 USES HP CHANNELS 17 18 0 0 " . ’ :
"CATCH CHANNFL 11 USES HP CHANNFLS 19 20 0 0 THE PRINT-OUT ~ CHANNEL CONVERSION MATRIX  EXISTS ONLY FOR
CATCH CHANNEL 12 USES HP CHANNELS 21 22 23 24 . i . W

CATCH CHANNEL 13 UUSES HP CHANNFLS 25 -0 0 0 MAGNETIC TAPES RECORDED WITH THE D.A.S. PROGRAMME JOY

CATCH CHANNEL 14 USES HP CHANNELS .26 0 n 0

_CATCH CHANNEL _. 1S USES HP CHANNELS 27 0 0 0 .
CATCH CHANNE!. 16 USES HP CHANNELS 28 0 0 0

CATCH CHANNFL _ 17 USES HP CHANNELS . 29 0 0 0

CATCH CHANNFL - 18 USES HP CHANNELS 30 0 0 0 -

CATCH CHANNEL 19 USES HP CHANNELS 31 0 0 0

CATCH CHANNEL 20 HSES HP CHANNELS 32 0 0 0

CATCH_CHANNEL . . 21 USES HP CHANNELS, 33 0. 0 0

CATCH CHANNFEL 22 USFS HP CHANNELS 34 6. 0 0

CATCH CHANNEL 23 USES HP CHANNELS 35 ] 0 0

CATCH CHANNEL 24 \ISES HP CHANNELS 36 0 0 0

CATCH CHANNEL 25.USES HP CHANNELS 37 0 0 0

CATCH CHANNFL 26 USES HP CHANNELS 38 0 0 0

CATCH CHANNEL .27 WSES HP CHANNELS 39 0 0 0 .

CATCH CHANNEL® 28 SES HP CHANNELS 40 0 0 0

CATCH CHANNFL 29 USES HP CHANNELS .41 0 0 0 ,

CATCH CHANNEL 30 USES HP CHANNELS 42 0 0 0.
. CATCH CHANNEL 31 USES HP. CHANNELS . 43 0 o] 0

CATCH CHANNEL 32 USES HP CHANNELS 44 0 ] (]

START OF SEGMENT NUMBER ~ 1s TIME = 1003.1240 : : ‘ . .
CCHANNELS ?=11:__ . 390.400 . 497.000 528.000 390,900 60902.000 -10.144 10.472 | - 14,560 . 9.500 237.000 -
/7//7E0F=RECORD  S3////(x= 17= 2) "X s | NUMBER OF CONSECUTIVE E.O.F .

/ S . Z =2 LIMIT " w  TO STOP THE RUN FOR SURVEY >17 ONLY
END OF SEGMENT NUMBER  1e TIME = 1005.2230 : : : . -

CHANNFLS 2-11_ | 425.500 499,000 514,000 421.400 32000.000 ~20.224 -1.531 . 28,210 25.400 230,000
NO OF RFJECTED SCANS = 0+ NO OF ADJUSTMENMT OCCASIONS = 0 . ’

NO OF INSERTED NUMMIES = . O« NO OF INSERTION OCCASIONS = .0
TIME BREAK

STAST OF SEGMENT NUMAER 2. TIME =  1016.5740 ' \

CHANNFLS 2-T11: 397.700 499,000 479.000 407,300 61062.000 =17.,044 -.955 55,700 66,700 34R,000
////ENF=RECORD_ . 87///7 (%= 12= 2) A . o
’ _ . >
END OF SEGMENT NUMBER 2. TIME = 1015,2730 ' o
CHANNELS 2-11 433.000 496.000 S18.000. 436,700 63148.000 -18.526 -4.247 59.240 71.100 226.000
NO OF REJFCTED SCANS = 0+ NO OF ADJUSTMENT OCCASIONS = - 0

NO OF TNSERTED DUMMIES = O« NO OF INSERTION OCCASIONS = 0



NIFFERENCFE ANAL;SIS TaRLE X )
CATCH HISTOGRAMME

CHANNEL Mo T T g 2 . 3 ' 4 . s 6 : 7 _ 8

0

EXCEEDING POS MEG POS NEG POS NEG. POS NEG POS NEG POS NEG POS~  NEG POS NEG
i 0.0000 9 0 27886 0 34544 0 4123 0 20733 0 11856 0 5099 0 10150 0
v 00100 I U | O { 0 0 0 0 0 0 0. 0 4162 2568 7299 6089
.0020 63777 0 0 0 0 0 0 0 0 ()} 0 0 1740 490 4513 2807
.0039 0. 0 0 0 0 0 0 0 0 0 (] 0 7677 115 1596 a33
«0078 0 0 0 0 0 0 0 0 .0 0 0 0 5645 - 949 2701 363
.0156 0 0 0 ()} 0 0 0 0 0 0 0 0 17841 17494 25558 1874
.0313 3 0 ()} 0 0 0 0 0 0 0 0 0 0 0 0
e o625 .. 0.._._. .0 6920 B425 0. 0 0 0 6433 6860 0 "0 4 5 0 .
.1250 0 0 3789 4092 0 0 0 0 4209 4462 0 0 0 0 0
«2500. . . _.0 . ._...0 _3697 . .3196. 0 0 0 0. - 4620 4733 0 0 1 . 1 .0
5000 0 0 22713 2070 )} 0 0 0 3354 3117 0 0 0 I 0
e 10000 O .0 .592 .. 609..11956 . 10603, . .1564 .. 1514 741 . 791 8191 8290_._ . . 0. -0 .0 e
. 2.0000 0 .0 S1 150 2885 3114 3099 3155 92 189 919 9598 2 0 0
e 4a0000 0 .0 1., .. 1. _.223 _..369 5600 5692 693 779 4949 5179 0 1 (]
2.0000 2 0 3 12 24 8782 9026 1025 936 2220 2151 0 - (] 0
16,0000 .. _ 0 .. ..0. 3. 0- 1 8973 8R60 0 830 859 0 1 1
32.0000 0 0 0 2 2 1647 1643 0 211 182 1 1 1
664.0000 - .. 0-. .. O 3 26 26 49 52. 3 28 15 0 0 0
12R.0000 0 0 0 0 0 8 2 0 2 2 0 0 0
L.256.0000. . 1. 1 .. il 4. 4 3. 2 ! 1 .0 0 0 0
5120000 )} 0 8 (] 0 0 1 3 3 3 0 0- 0 -
1024.0000. . ) K | 4 .0 0 0 0 7 18 11 1 ] 0.
0.0000 ° 0 63795 S - 0 63795 0 63795 0 0 63795 0 0 5
. CHANNEL NO R 9 11
EXCEEDING POS NEG POS NFG POS NEG POS POS NEG POS POS
0.0000 9 0 0 19607 0 13785 0 63793 0 63793 0 63793 0 63793 0
FUSRTY {103 Y1 J U U LS I 0 0 0 .0 0 0 0 0 0 0 0 0
.0020 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
«0039  __ . 0. .. ._0._ .0 0 0. 0 0 0 ()} 0 0 0 0 0. 0
.0078 5457 n 0 0 .0 0 0 0 0 0 (] 0 0 0 0
.0156 _ S8313. . 2. 0 0 0 0 0 0 0 0 0 0 . 0 0 0
«0313 1 1 0 0 0 547 571 0 0 0 0 0 i ] 0
<0625 2 1 0 0 0 718 798 0 0 0 0 0 0 0 0
.1250 0 0 2 (] 0 0 .1439 1398 0 0 0 0 0 0 0 0
. 2500 3 0 4 0 0 0 3102 3168 0 0 (] 0 0 0 0 0
5000 0 0 0 0 0 0 . 4963 5060 0 0 0 0 0 0 0 0
1.0000 0 0 0 ‘0 13366 13317 4583 4832 0 ()} 1 1 0 ] 0 0
2.0000 0 0 0 0 6865 6979 2945 3032 (i} 0 0 -0 . 0 0 0 0
4,0000 0. 0 0 0 533 577 2139 2267 0 0 0 ] 0 0 0 0
R.0000 0 0 0 0 77 80 1548 1776 0 0 0 0 0 0 0 0
16.0000 - 1 .0 0 0 6 n 764 1003 0 0 -0 ) 1 1 0 0
32.0000 1 0 2 0 1 0 73S 1244 0 0 0 0 0 0 0 0
64,0000 0 0 0 )} 1 0 196 373 0 0 0 0 0 0 0 0
12R.0000 1 1 1 1 (O | 137 149 0 0 0 0 0 0 0 0 -
. 256.0000 0 0 1 1. 1192 1192 187 148 0 0 0 0 0 0 0 0 =
512.0000 0 n 0 0 0. 0 67 32 0 0 0 0 0 0 0 0 (2]
1024.0000 1 ] 0 0 0 0 26 23 1 1 0 0 0 0 1 1 ~
0.0000 N ARTAR n 5 0 63795 63795 0 ) 0 63795 0 S 0 S . .
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give a quick éésessment of the state of the data recorded.
The cards prepared are:
-i - Time correction Eards.
ii -‘Threshold cards for each channsl to be
processed, (i.e de-spiked): |
Maximum and minimum limits
Threshplds.alloued betuween samples.

/

II - 2. PREVEU.

- The purpose of this programme is to read the output
tapes from CATCH and to performAtime corrections and auto-

matic editing.‘
‘ The output from PREVEU consists of two tapes: an
updated tape (PRE) and a tape only time corrected (PRP) for

plotting purposes.

The PREVEUW repoft allouws further correction by .

‘'various ways of all remaining anomalies recorded on tapse.

Due to various problems encountered duiing the two
surveys, several optional pbssibilities are available in

PREVEW to permit a special reprocessing of portion(s) of data.

II - 2 - 1. Processing, problems encountered.

i - Standard probesses.

*¥ The programmé CATCH has reported uheﬁ‘it cannot correct

time.- errors; therefore,parameter cards are input into



+

PREVEW to enable the CATCH tape to be formed into exact 10

minute blocks with 10 second scans, each block commencing

on an exactvmultiple of. 10 minutes. Ifygaps still exist,

the time values are made continuous and the data channels are

' filled with the value 1.0 E10. Uhen the gap is in excess of

1 nour, dummy blocks are not provided.

* Navigation data channels'(7, 8, 9 and 10), which were
recorded in integrated values; ere.replaced by incremented
values, thus a discentinuous trace is feplaced by a continuous
trace with spikes. Tha advantages of this method are as
follous: | |

‘- A discontinuity on the integrated trace
will be replacee‘by a spike on the incremental trace. Tnus,
the spike will be easily removed by the‘programme PREVEW.
(the discentinuity cited above can be, for example, an
accidental reset of any of the navigation equipment).

- If a gap remains after PREVEW has been
applied, an automatic interpoletion will conditionally be
performed'in the Foliouing prdgramme‘MISDAT.

* The.Grevity and Spring Tension channels are recorded only
in the range zero to two thousand; therefore, a base value
erovided on a pé;ameter card is‘added. |

* The ship's heading is not processed directly but its sine’
and cosine are computed and stored in channels 21 and 29;
these values are subsequently processed in lieu of channel 1l.
The essence of the method is that the discontinous function
(heading) is replaced by two continous functions. Automatic

intereolation of a noisy discontinuous function is difficult
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START TIME= 1S14.,10s FINISH TIME =

CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL

CHANNEL

CHANNEL
CHANNEL
CHANNEL

CHANNEL

NO=

NO=

NO=

NO=

NO=
NO=
NO=
NO=

NO=

NO=
NO=.

NO=

"GRAVITY BASE=

2
3,
Se
6
Ty
8
9
10
12
21,
29,
09

1000.+" S.T. BASE=

ALPHA=
ALPHA=
ALPHA=

AL PHA=

ALPHA= -

ALPHA=

ALPHA=

ALPHA=

ALPHA=
ALPHA=
ALPHA=

ALPHA=

7000.000,
0,000,
7000.000,
0.000,
-.040+
~e040,
=040,
-.180,
0,000,
-1.010,

<1010

" =0.000,

2010.50

6000.s COMPASS BASE=

"BETA=

BETA=

BETA=

PREVEW

9000.000,
1000.000,

9000,000s

BETA= 100000.000

BETA=
BETA=
BETA=
BETA=
BETA=
BETA=
BETA=

BETA=

00409

« 040y
0405
-.1800
10000.000,
1.010,
1.0100
-0.000,

EPSILON=1=

EPSILON=1=

EPSILON-1=
EPSILON-1=
EPSILON-1=
EPSILON-1=
EPSILON=-1=
EPSILON=1=
EPSILbN-1=
EPSILON~1=

EPSILON-1=.

EPSILON=-1=

0.

3.000,
44000y
3.000,
8.000s
«040
«040y
«040,
«1805

' 50.0000

0120[
«120
~0,000

~ PREVEW PRINTOUT
Standard processing parameters

'

EPSILON-2=
EPSILON=2=
EPSILON=-2=
EPSILON-2=
EPSILON-2=
EPSILON-2=
EPSILON-2=
EPSILON-22
EPSILON=23
EPSILON-2=
EPSILON-2=
EPSILON-2=

3.000
4,000
3,000
8,000
«040
<040
040

+180
50.000

«120
«120
=0.000

SURVEY 19

g 014
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to do reliably. The advantage DF this method is as follous:
- let suppose a sudden change in heading from

10°

to 355; the programme PREVEW will desynchronlse and then
will synchronise again; thus a gap will be created; this
gap could (or might) be automatically filled in the programme
MISDAT by linear interpolation; thiS'interpolatioh would be
perfofmed ie the:Fellouing way: -

10, 11, 12 v..ee... 353, 354, 355, which is, obviously wrong.

- -\Nou, let consider the same problem and its

solution when heading hes been’cehverted into its sine and

-cosines

sin 10° = 0.17365
Cos 10° = 0.98481
sin 355° = -0.08716
Cos 355° = 0.99619

The cosine trace will not be affected by the PREVEW processing.'

A desynchronisation uillboccur'on the sine trace and a gap

- will be created. If the gap is short, it is considered that

the sine varies linearly (a small portion of the curve Sin x

ﬁay be approximated to a straight line) and that, for each

scan,'sin2 4.0032 ¥ 13 thus, in the Follouing programme

- MISDAT, automatlc 1nterpolat10n u1ll be considered satlsfactory.

* Channels specified by parameter cards are nou processed to
remove noise spikes: four parameters are required for ‘sach

channel: .(fig. 8).
- a,B‘a

- Eﬂfzn
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CONSISTENT * VALUES

-INCONSISTENT VALUES

PREDICTED VALUE

3>
TIME

_;.E:Izc‘ iCONSSTENT VALUES

[~——INCONSISTENT VALUES
-3 '

TIME

@ and B are the minimum and maximum allowable values; ény

value outside this range is considered bad. £, aﬁdiez afeltuo
threshold values described later. To check for a cohersnt

trace in éach channel, a gindou of four consecutive points is
used uhigh is moved ‘along the trace;' These four values are'uéed
to predict the next value by a leaét square ﬁethod (Seé

appendix 2). If the next value is within the threshold €,

of the predicfed value, then the value is adcepted,‘if'not,

tﬁe'predicted-value is put into the window. If the valﬁe is
accepﬁed, then ény ﬁredicted-values in thé‘uihdou are replaced
by simple.ihterpolation. Uhilsﬁlthis process continués, the
oldest value in the window is written to the output tape. IFf
the window becomes full of predictéd.véiues,'a new process
takes place; 'first; the original data plus 1.0 E10 is uriften
to the output tépe, and'then_thiS‘procéss continues until the
window is filled by four values satisfyihg the condition that
consecutivé values must be within the thréshdldE1 , together

with the limitation implied by «a and 8.
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ii, UptionaL;processes: if they are required,

they are applied to the time cleaned data before the plot
tape is written.
*¥ The processing specified in paragraphs 2, 3; 4 of standard

processes may be suppressed. This allouws for reprocessing

" the PREVEW output. An example of the requ1rement to reprocess

the data frdm PREVEU back again through PREVEW occurs when

bit recovery is required (see belou). In reprocessing the

data, we will wish to suppress the addltlon of a base value
to the Gravity and Sprlng Tens1on.

* BeFdre_the sine and cosine of the heading are computed,

the dats in channels 21 and 29 may be saved elseuhers.

* A speciﬁied-number'of records with bad parity may be
processed; (If not required, processing stopsvuhen bad
parity is read) |
* The depths ‘may be mOdlfled‘v
- a-constant number (a) may be added,
- the depths may be multlplled by'a constant
factor (b), (Example: ELAC=1.01125 RAYTHEON) -
" - a constant humber (a) may be.edded after the
original depths have been multiplied by a

eonstant factor (b).

(a) ‘and (b) are tuo parameters read from 1nput cards.’

* The data in any channel may be smoothed using a moving
median and/or a moving average algorithm; the resulting value

may be shifted (if required) with respect to the time channel.

(Figures 9 to 12B in Appendix 3).

*¥ The data in any channel may be‘despiked and then filtered



PLOT OF SPRING TENSION WITH SIMULTANEOUS DROPS OF BITS : 3(-4) AND 4(-8)

AN EXAMINATION OF THE PLOTS PRODUCED FROM THE D.A.S. TAPES SHOWED THAT ENCODER WAS NOT ALWAYS WORKING CORRECTLY .

THE DATA IS ENCODED, DIGIT BY DIGIT INTO ITS BINARY EQUIVALENT BEFORE RECORDING ONTO THE MAGNETIC TAPE AND IT IS THIS CONVERSION TO BINARY
THAT MALFUNCTIONED. THE DIGITS O to  SHOULD BE ENCODED THUS : ojar o s  oore oa  oon0 22 004 =5 .0i00 =4

FOR THE PURPOSE OF THE FOLLOWING EXPLANATION WE DEFINE' THE 4 BITS POSITION FROM LEFT TO RIGHT AS BITS 4, 3,2, 1.

'THE PROBLEM ALWAYS PRESENTED ‘ITSEL_F AS ENCODING A ZERO BIT WHERE A ONE BIT SHOULD HAVE BEEN, THUS ALWAYS GIVING RISE

TO A VALUE LESS THAN THE CORRECT ONE ie: 5 ( OI0l) ENCODED.AS 1 (0001)

The plot clearly indicates which digit and which bit was in eérror . The scale of the pilot. 'gives the digit position and it is clear from the plot example under

that 8 has been subtracted from a set of values ( I7.14.30'). This can only occur to digit values 8 and 9 ( 1000 ’ {00! ) which are recorded as © and 1

( ooo00, 000!) The correction programme required as parameters the channel number(s) digit pesition (s) and the bit(s) within the digit , It then corrected
in a manner simulating visual correction. Any bit or bits in any digit or digits may be corrected but the greatest use was for “spring rension" , encoded as

XXXX-X with bits 4,3 and 2 recovered in the digit fo the immediate left of the decimal point ( units digit ).
: N .

1 MILLIGAL

€1'914

50' _ 17.15.00' 40' 17.15.50"

SURVEY 14




PREVEW GAP REPORT

FROM 1514.10 TO 2010.50

SEGMENT NO= 1 CORRECTION= 0,000000 GAP FROM #89.,449343 TO 15.130140

Y /7777

/777 1516,1000 BLOCKs CHANNEL S DROPPED BITS =

/777 1514,2000 BLOCKs CHANNEL S DROPPED BITS = 9 ////

“BLOCK NO 1y BLOCK START TIME = 1514,1000

'CHAN,= 29 EARLIEST DESYNC- T= 0.0000¢ V= 0.000¢ LATEST SYNC- T= 1514.1040y V=  8277.700s V(1)= #00000.000s V(60)= 8287.900
"CHAN.= 34 EARLTEST DESYNC- T= 0.0000s V= 0.000s LATEST SYNC~ Tz 1514,1060, V= 496,000, V(1)= 00000.000s V(60)= 500.000
CHAN.= S+ EARLIEST DESYNC- T= 0,0000s V= 0,000+ LATEST SYNC~ T= 1514,1040s V=" 8281.600s V(1)= #00000.000s V(60)=  8295,400
CHAN.= 6+ EARLIEST DESYNC- T= 0.0000s V= 0.000s LATEST SYNC- T= 1514.1040s V= 60512.000s V(1)= #00000.000s V(60)= 60655.000
CHAN+.= 7+ EARLIEST DESYNC- T= 0.0000y V= 0.000s LATEST SYNC- T= 1514.1040s V= «0249 V(1)= #00000.000y V(60)= «025
CHAN.= B8+ EARLIEST DESYNC- Tz 0.00009» V= - 0.000s LATEST SYNC- T= 1514,1040s V= “4001s V(1)= 200000.000s V(60)= .003 .
CHAN,= 9 EARLIEST DESYNC- T= 0.0000s V= 0.000s LATEST SYNC- T= 1514,1040s V= 20209 V(1)= ©00000.000s V(60)= .020
CHAN.= 10+ EARLIEST DESYNC- T= 0.0000y V= 0.000s LATEST SYNC- T= 1514,1040s V= 0.000s V(1)= #00000.,000s V{60)= 0,000
CHAN.= 12y EARLIEST DESYNC- T= 1514,1250s V=  1742.384» LATEST SYNC- T= 1514.1300y V=  1770.496s V(1)= ©00000,000, V(60)= 1486.639
CHAN.= 21, EARLIEST DESYNC- T= 040000, V= 0,000, LATEST SYNC= T= 1514,1040, V= «087s V(1)= 200000.000, V(60)= C el74
CHAN.= 29s EARLIEST DESYNC- T= 0.0000s V= 0.000s LATEST SYNC- T= 1514.1040¢ V= «9969 V()= 200000.000s V(60)= .985
/777 1514.3000 BLOCKs CHANNEL S DROPPED BITS = S //// |

8LOCK NO 2y BLOCK START TIME = 1514.2000

CHAN,= 12+ EARLIEST DESYNC- T= 1514.2140s V=  1405.637s LATEST SYNC- T= 1514,2240s V=  1287.422s V(1)=  1486.639s V(60)= 1034.104
/777 1514,4000 BLOCKs CHANNEL S DROPPED BITS = 1 //// ‘

BLOCK NO 3y BLOCK START TIME = 1514.3000

CHAN.= 29, EARLIEST DESYNC- T= 1514.3530y V= +358y LATEST SYNC- T= 1514.3630s.V= <017+ ViD= <982+ V(60)= -.035
BLOCK NO 4s BLOCK START TIME = 1514.4000 :

//7// 1515.0000 BLOCKs CHANNEL S DROPPED BITS = 3 /777 3. BITS OF CHANNEL S5 RECOVERED -

BLOCK NO- 5y BLOCK START TIME = 1514,5000

BLOCK .NO 6+ BLOCK START TIME = 1515.0000

/777 1515,2000 BLOCKs CHANNEL S DROPPED BITS = 6 ////

BLOCK NO Ts BLOCK START TIME = 1515.1000

BLOCK NO 8y BLOCK START TIME = 1515.2000 .
CHAN.,= 6+ EARLIEST DESYNC- T= 1515.2610s V= 60844.000s LATEST SYNC- T= 1515.2620s V= 60842,000s V(1)= 60649.000s VI(60)= 60874.000

BLOCK NO 9s BLOCK START TIME = 1515.3000
/777 1515.5000 BLOCKs CHANNEL S DROPPED BITS = 4 /777

PREVEW GAP- REPORT
BLOCK NO 10, BLOCK START TIME = 1515.4000 .

777/ 1516.0000 BLOCKs CHANNEL S DROPPED BITS = 11 //// " SURVEY 19

BLOCK NO 11+ BLOCK START TIME = 1515.5000
/777 1516.1000 BLOCKs CHANNEL S DROPPED BITS = 8 ///7

QLOCK NO 12y BLOCK START TIME = 1516.0000
//// 1516,2000 BLOCKs CHANNEL S DROPPED BITS = 3 /777

BLOCK NO 13y BLOCK START TIME = 1516.1000 .
/777 1516.3000 RLOCKs CHANNEL S DROPPED BITS = 1777/

vl 914

BLOCK NO 149 BLOCK START TIME = 1516.2000 .
/777 1516.4000 BLOCKs CHANNEL S DROPPED BITS = S /77/
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by a symmetrical band-pass Filter.. N
* ‘As.described in CATCH, the data are presented to the
shipboard computer in digital form. Each digit 10 to 9 is

presented as four binary values (bits) from 0000 to 1001.

Due to .the tempofary-malfunction 0F4some'digitizing

equipment, one of the bits for a particular digit can be

presented aluays as zero. To recover this bit, an optional

‘routine is available that recreates this binary form for a

specified digit and examines the specified bit. If the bit is
zero, it is'hade one and the resuitant data value is compared
with its neighbours to see if it is closer than the original
valus. This procéss ié 100% effective if the bit to be
recovered is the most significant (X000) and only one digit
requires recovery. As the compounding of recdvery for a
particular channel increases (digit and/or bit positions)
the efficiency dec:easeé, but the-uncorrected values and the
overcorrected valuses uili clump together and will be
detectable on the plot of the output tape (PRP).. To partially
overcome this‘limitation; the recovery of bits may
optionally take place in stagés, uhere'each stage has no
cognizance of ény other.

This process ués used on ths Spring.Tension trace

(Fig. 13).

11 - 2 - 2. PREVEW outputs.

The outputs from PREVEW are a printout and tuwo tapes.

i - Print out. .
* . The EAP.REPURT gives for each block the first time of use
of‘ﬁl and the last time of Qse of 8,2, the data values of the
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WHEN A CHANGE FROM THE USE OF €, TO §
IS REQUIRED, WE DEFINE THAT DESYNCHRONISATION
HAS OCCURRED.

91 914
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.good points preceding and follouiné these times reépectiveiy,

.plus the values of the first and last points of the block

1 VGb)' None of this information is given in the normal

case, that is when all values are acceptable and 61 is not

(v

required. (Fig.vl4);

*  The GAP MAP gives an indicatiﬁaglin abbreviatedAFd;$; of
whether ajsuitch between the Qse of’&l’and 52 has_dccur;ed,

the time of the earliest suitch to 61 ahd the latest sQitch

to €,, and an indication of the change in valuss of the trace
that has occurred acerés the time interval bétueén £hese~points{

(Fig. 15 to 17).

* The SPIKE REPORT gives a count of thq'nuhber»of points in
the block which have been cofrected by'the-daspiking procedure
and the number ofvoccasiqﬁs on uhich a switch to the use of
€, occurred. (Eig 18) |

* The HISTOGRAM is of quantities represehtative»of the noise
in each channel. For an.accépted point, it is the |

difference between the predicted value and the actual valus.

For a bad point which has been replaced by an interpolated value;

it is the difference between this interpolated value and the

original value. UWhen Cl is in use, none of these values are -

included in the histogram. (Fig. 19A and B)

ii - Tapes

* PRE tape : 10-second tape for Furthef processing

* PRP tape : 10-second tape created for blotfing phrposes.

Format of thése tapes is given in'Abpendix 1.

"1I - 2 - 3. PREVEW assessment.

The PREVEW repo#ts give a list of abnormalities and gaps

remaining on the output tapes; the plots obtained.from the
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PRP tapesfshou‘thése abnormalities and remaining gaps. The

reports and the plots provide the basis for the creation of

cards to correct data or fill gaps.

Six plots are produced out of the PRP tape:

1. Gravity channels: Gravity, Cross Couplihg,

Spring Tension and Total cofrection (channels 2, 3, 4, 5).

(N/s and E/W);

ch. 7 and 8.

Chernikeeff Log -  ch.
Pressure tog' ' | - Ch.
Heading" ‘ Ch.

2. Navigation channels: Sonar Doppler

9
10
11

sine and Cosine of Heading Ch. 21 and 29.

3. Depth data - .~ Ch.

4. Magnetic data ' Ch.

5. V.L.F. phaseé

6. V.L.F. amplitudes.

12
6 .

Duie to the various kinds of corrections to be applied to the

data, several methods of application were designed to be

utilised by the programme MISDAT. These.methods_are now

described.

* If large continuous amounts of data for a channel .-are missing

then, a digitization table or strip chart digitizers are

utilised to create a magnetic tape for correction in the

same format as the B. cards described below.
further detailed in the paragraph 2

" Digitization.

This process is

of Chapter IV , Data

* B. Cards: block replacement card are dsed't0~replace the

data for a channel in the whole of a 10- minute block. This



..PREVEW HISTOGRAMME

1902/ 2

CHANNEL NO 1 2 3 4 5 6 7 -8

4 . .
EXCEEDING - POS .NEG POS NEG POs NEG POS NEG POS NEG POS NEG POS NEG POS NEG

0.0000 0 n 16018 86 13505 0 0 0 9726 82 4089 0 12260 9308 13080 9471
.0010 0 0 0 0 0 0 0 0 0 0 0 0 8060 8168 7967 8022
0020 0 0 0 0 0 0 0 0 0 0 0 0 2007 1969 1613 1608
.0039 0 0 0 0 0 0 0 0 0 0 0 0 72 57 S7 48
.0078 0. 0 0 0 0 ] 0 0 0 0 .0 0 12 9 13 10
«0156 .0 0 3 2 0 0 0 0 1 1 0 0 6 6 6 9
<0313 0 . 0 6157 6237 0 0 0 -0 5059 5040 0 - 0 4 4 10 8
«0625 0 0 3712 . 3734 0 0 0 0 4202 4184 0 0 0 0 1 0
1250 0 0 2046 2202 1 0 0 0 3957 4471 1 0 0 0 1 0
«2500 0 0 832 688 21 10 0 0 2387 1976 6 4 1 0 1 0
«5000 0 0 144 121 7231 7473 0 0 451 383 4098 4030 0 0 0 0

1.0000° 0 0 21 16 5949 5533 0 0 46 44 6523 6545 0 0 0 0

2.0000 0 0 0 1 1007 1092 0 0 9 S 5883 5834 0 "0 0 0

4,0000. 0 0 0 0 16 22 0 0 2 1 1565 1544 0 -0 0 0

8,0000 0 0 3 0 7 B | 0 0 2 0- 39 42 0 0 0 0

16,0000 0 0 2 0 0 0 0 0 1 0 10 3 0 0 0 0
32,0000 0 0 0 0 3 0 0 0 0 0 7 1 0 0 0 0
64,0000 0 0 3 0 16 7 0 0 1 0 0 0 0 0 0 0
128.0000 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0
256,0000 0 0 0 0 0 0 0 0 0 0 0 - 0 0 0 0 1
512,0000 0 0 0 S 0 0 0 0 0 2 3 1 0 0 0 0
1024.0000 0 0 0 0 0 0 0 0 0 0 4 0 - 2 1 0 1
0.0000 0 0 0 42033 0 41894 0 0 0 42033 0 40234 0 41946 0 41927
CHANNEL NO .9 : 10 11 ‘12 13 14 . 15 16

EXCEEDING POS NEG =~ POS NEG POS NEG -POS NEG POS NEG POS NEG POS . NEG POS NEG

0.0000 15483 10323 8108

1 0 0 1308 4 0 0 0 0 0 0 0 0
.0010 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
+0020 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
.0039 4266 3822 0 0 0 0 0 1 0 0 0 0 0 0 0 0
.0078 3990 4079 0 0 0. 0 0 0 0 0 0 0 0 0 0 0
.0156 . 3% 45 0 0 0 0 183 180 0. 0 0 0 0 0 0 0
+0313 1 1 3654 12896 0 0 319 280 0 0 0 0 0 0 0 0
.0625 0 0 6460 7269 0 0 498 © 509 0 0 0 0 0 0 0 0
.1250 0 0 3639 5 0 0 1155 1148 0 -0 0 0 0 0 0 0
.2500 0 0 0 0 0 0 2322 2335 0 0 0 0 0 0 0 0
,5000 0 0 0 0 0 0 3625 3612 0 0 0 0 0 0 0 )
1.0000 0 0 0 0 0 0 3664 3497 0 0 0 0 0 0 0 0
240000 0 0 0, 0 0 0 2197 2051 0 0 0 0 0 0 0 0
4,0000 0 0 0 0 0 0 2023 1817 0 0 0 0 0 0 0 0
8.0000 0 0 0 0 0 0 1850 1648 0 0 0 0 0 0 0 0
16,0000 0 0 0 0 0 0 1444 1083 0 0 0 0 0 0 0 0
32.0000 0 0 0 0 0 0 412 669 0 0 0 0 0 0 0 0
6440000 0 0 0 0 0 0 10 24 0 0 0 0 0 0 0 0
128.0000 0 0 0 0. 0 0 3 0 0 0 0 0 0 0 0 0 m
256.,0000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o)
512.0000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 T
1024.0000 0 n 0 0 0 0 3 0 0 0 0 0 0 0 0 0 ©
0.0000 0 62032 0 42032 0 0 0 39874 0 0 0 0 0 0 0 0 >



'cause all values to which 10

is analogous to the aboye applicafion but applies for short

ihtervals of data. Eleven, six or four values at regular
interval are measured From the analcgue records and then,
when these cards are utilised to create a magnetic tape or
temporary file of correction data,la spline function is used
to . compute the remaining ten second ualues of the block.-".
* D. Cards: block deleticn‘cards.l Will result in the data
of one channel for a complete ten minute block being replaced

10

by the yalue_lD The use of thlS card is two fold, either

to delete"the data and leave it deleted, usually'because.‘

‘the ship was not surveying at this time, or'to delete the

data in preparation for the next fypelof card (P. Card).

* P, Cards:l Point inserticn'cardsican be used to,correct
isolated data errors at tce minute poidts. If it is used
in conjunction with the D. Card, then the effect after the
programme.MISDAT is similar to the.B. Card but with linear
as ocposed to spline inferpolation.

*¥ V. Card:  Volume card, is a method of defining macy P.
cards when creating the correcﬁiod file. It has the added
feature for the,nauigation channels (7 to 10) of enabling

the automatic computationeof the increhehtal-ualues from

- ihfegrated values.

* S, Card: Suppress card: enables the suppression of the
desynchroniaation indicater set-by PREVEW and 'applies to one
channel in complete ten.minute'blccks. Its effect is to

10 has been added to be replaced

.by the original value;

* Any correctlon card spec1Fy1ng channel 11 (Heading) will,

when used to create the correctlon Flle, cause the equ1valent
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MISDAT DATA CARD FORMAT

V() v (D) v (2) v | v @) V (5)
v (8) vV (7) v (8) v (9) v (10)

|

w {5
Zm
Zs
a5
=
o

1 )02

21922123124)25|26{27|28§29)30] 31 [32)333433]36)37[38)39|40]er{42)a3]4a]|45]46]47]|48|€9[30]31[52]53]24|35[56]57]38]39]60)6+)62[63/64)63]|66{67 68|69 70471 |72|73|T4|75(70|77 7679180
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lllllllll‘l‘ljll.llll l.lJ‘LlJllllllllllllllllllllll[llllll‘l 8\'1
L 1-|l 900,.00, 5004 ,,,, 15101Q1‘10 Ly 14@]9“[7 (1114997, 1 499,.8 BLOCK
N IO N U OO TS TN T T T T T O B OO M B B O B :
L1 131919171§L'10 || 13-19|917|8|'ll 1 1 l3|9|9|7lgl'lo | 13191918101.10 | I N T O T G T | IS T O O | l‘ i1
. U N TT I WU N T A S AN T A U U T U N U0 T A S N S A T N AT S 0 A A0 0 N Y RO 0 A A O R O I
- : - DELETION O

BRI I AR | IS S N N N U0 N U T U N S U VO P U T A (S N TG U W U 0 A M A WA O 27 _BLOCKS

| N N T TN Y PO N N T T T O O W B I | llllllllllllll-lIIIAlllllLlll

L1 ;ol'l01216131 11 Iol‘lo.lzlelll 1 1 lol'lolzlelll 1 i 101'10!216]21' 1 lol 'lolzlelzl | | lol'lolzlsL'

—

| T T N O U O O

LllllllllJllll<I|Jlllll_lvlll_lllllllllIIJllllllllll!llll

1 l-lol'lolzlelel I I-lol'lolzlelsl 'l l~lol'101216151 N L01'10121614l 111 | ‘l‘l 11 | T I N N W O | INPUT

llllll‘llllllllllllllllllllllIllllllllllll.lllllllllll‘lllv

BY

'lllol'101217161 i S O N VA N N T T (N N S N T N O S Y YIS I Y S O WO Y N S T N G W T

lllIlJlIlllAlI"llllIllllll'lllllllllLLllIIllllIlllJ-llllll]

1 1 1 lglol‘lol L] lglol'lo | S W 19101"lo| 1t 11 lgLol’lol- L1t 19401'101 T S | 19101‘10 POINT

NN N OO U T O O T N T T T T Y T A VO O T T T N T UG T (N WO I 00 O AR B O O O S N N B B B N O

P11 l2121'101012 1 11 _12121 '-loizll ‘LL 1 12121'JOI4II 1 1 1 I2121'10I513 L1 1 12121'10J619| Lol 1212I'l0l916

VIR O U 0 U T S T T T O Y U N O R O O O S O A 0 B A B Y = 21 | )
v e v v b v v v bvv v v v v v b v e oy o0y 112 BLOCKS |

IllllllllilllvllllllJlIlIIJllIlIllLJJllllillllI‘lllllblll

1,07,2-49997|1072.516641072.53330[1,072.54997/1072.566641072.58330| TIME

117 1 T et D ] Tl T Tl Tl W B e Rl o Wl Tt S T e ] W et T Bl Bt ||’11111rnoo:r-rm
- WI\I\B\I'

1072.600 l10172-6l7 IIO72.633 1072.650 1072. 664

T I e el Lt 11 IO T o el el Tl BTl e T D Ml S [T W B B B B AT

P eE B G BEGE R GGG BF T [of [N
[ o [ |0 _ n | ‘ NUMBER

- : . o .
R .4 - q B "

i . m—
E Lo oF R P B R NE RE G

Oc 9ol4

it g2

21122]23)24]23]26;27)20{29 3031 32|33[34]35138|37|3839|40]4: [42]43]44[es 46 4T {40[49 50]01 8283 34;58 (56 57 58 30 608t 62 63164 65 86 67 60)69;70]7) 172]73 74 73 76 77 70]75(00




20

correction for channels 21 and 29 (Sins and Cosine of the

Heading) to be effected.
The format for all cards is shown in Fig. 20.

* Finally, the correction file will be sorted using the
C.D.C. SORT MERGE programme with sort keys being: Survey,
Time, Channel, andvcorredﬁion type in the order listed above.
This sorted COrrection,File-is ihput to the programme MISDAT

as an update fFile.

IT - 3. MISDAT

' The purpose of this programme is to incdrporate‘
data missing from the PREVEU'output'tape'and then fo'ensure
that the data on the MISDAT oﬁtput tape is inva.suitable

condition for subsequent processing.

II - 3 - 1. Processing, problems encountered.

" Input to the programme are the PREVWEW output tapes,
the sorted update file and, optionally, the time cleansed rau

data tape PRP. The optional tape is used to recreate the

data in Channel 10 (Pressure Log) of the PREVEW output tape

before ény other processing is done. This is necessary
because some cruises were processed by PREVEW with thresholds

(El and 82) that were too small.

The sorted Update file is used to correct and

replace data from selected channels (including Channel 1)
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read from the PREVEW tape and where an Update record-exisfs
but h6~c0rfesp0nding PREVEW record éxists} fhen, the NISbAT
output will have a record inserted. .Subsequent processing in
MISDAT includes the Following: |

* :linea: interpolation accross gaps less than a size.specified
by a parameter card, usually'ten minutes. '
* replacing by 1.0 E10 all dafé vhich was ithrrectly

converted from the field ‘tape.

* ensuring that all data is correctly normalised to reduce

" the loss of accuracy in subsequent processing.

* gnsuring that all values in the time channel are exact
multiples of lU'SBandS and are monotonic increasing. -

* recomputing the heading from the final sine and cosine .

values.

* replacing all data out of range by 1.0 E10 exactly.

II - 3 - 2. MISDAT outputs.

| A MISDAT run which includes the SORT MERGE progfammé produces

as ogtput four reports and tuwo tapes,'thé'record tape
being optional

i Printout.

% ~Listing of input cards, if -any, and any format errors.

* MISDAT Error Report which indicates when a vglué from
a P, Card‘replaées a value'uhibh PREVEW has hof iﬁdicated as
bad.
* >MISDAT Updaté Repor£ (fig. 21) shows: =

- Start time of first and last block of the output

tape.



ABNORMALITY REPORT

INPUT BLOCK 1L UPDATED FROM PRP SLOCK 1
INPUT BLOCK 2 UPDATED FROM PrP BLOCK 2.
1HMPUT BLOCK 3 UPDATED FROM PRP BLUOCK 3 |2 32
LMPUT . PLOCK 4 UPDATED FROM PRP 5LOCK 4. 2y T . : R, V. o R
MISOUTPUT BLOCK I CHANNELS - 00010 00000 00000 00000 00000 00000 00 WERE MADE QUASI DATA
INBUT BLOCK . .S UPUATED FROM PP &LUCK 5 Indicote that 1.OE 0. HAS BEEN INPUT IN CHANNEL 4 OF BLOCK 4
INPUT &LOCK 6 UFDATED FRUM PRP BLUCK . 6 ‘
INRUT BLOCK. 7. UPDATED FROM PRP oLUCK 7
INPUT BLOCK 5 UPDATED FROM PP SLUCK 3
INPUTL_HLOCK... ...9.UPDATED, FROM. FRP SLOCK 9
INPUT BLOCK 10 UPDATED FROM FRP SLOCK 10
JNPUT BLOCK 11, UPDATED FROM_PRP BLOCK 11
INPUT BLOCK 12° UPDATED FROM FRP BLOCK 12
INPUT BLOCK 13 UPDATED FROM FRF SLOCK 13
INPUT BLOCK 1a UPDATED FROM FRP HBLUCK 14
L _INPUT_ BLOCK. ... _15._UBDATED FROM.PRP BLOCH . 15 - e
INPUT BLOCK 16 UFDATED FROM PRP BLOCK 16
JINPUT BLOCK 17 UPDATED FROM PRP BLOCK 17. I .. e
INPUT BLOCK 18 LUPDATED FRUM PRP BLOCK 18 .
JINPUT..BLOCK....— 19 .URDATED..FROM ERP.BLOCK... .19. . M'SDAt . PRlNT' QUT
INPUT BLOCK . 20 UPDATED FROM PRP BLOCK 20 .
_INPUT_BLOCK._._ 21 UPDATED FROM-PRP. BLOCK __ 21 .. _Abnormality report
INPUT BLOCK 22 UPDATED FROM PRP BLUCK 22
CINPUT BLOCK. ... .23_UPDATED.FROM ERP sLOCK . 23
INPUT BLOCK 24 UPDATED FROM PRP BLOCK 24 ‘
INPUT..BLOCK.. . -25..URDATED FROM..PRP BLOCK 25 . ' -
INPUT BLOCK 26 UPDATED FROM PRP BLOCK 26
JINPUT BLOCK 27 UPDATED_FROM_PRP BLOCK | 27
INPUT BLOCK ° 28 .-UFDATED FROM PRP BLOCK 28
INPUT BLOCK._ .29 .UPDATED FRUM PRy 8LOCK 29
INPUT BLOCK 30 UPDATED FROM PRP BLOCK 30
_ INPUT BLOCK .. ..31 UPDATED.FROM PRP SLOCK. .31
INPUT BLOCK 32 UPDATED FROM PRP 5LOCK 32
ZZINPUT BLOCK. © 33 UPDATED FROM PRP_BLOCK = 33, .-
INPUT HBLOCK 34 UPDATED FRUM PRP BLUCK 34
INPUT BLOCK_. ___35 UFPDATED FROM_PRP. BLUCK 35 e . - 3 _
INPUT BLOCK 36 UPUATED FROM PRP sLOCK 36 . a
CINRUT, BLOCK... . 37. UPDATED FRUM. PRP BLOCK . 37 . . . - A S : .
g MISOUTFUT 8LOCK 34 CHANNELS ~ 00010 00000 00000 00000 00000 00000 00. WERE MADE QUAST DATA
__ INPUT BLOCK__ .. 35 . UPDATED FROM PRP BLOCK 38, e . . . .
- MISOUTPUT BLOCK 35 CHANNELS 00010 00000 00111 11111 01111 11101 11 WERE MADE QUASI DATA
L INPUT BLOCK . 39 UPDATEOD. FROM PRP BLUCK 39 . L " B . .
- MISOQUTFUT BLOCK 36 CHANNELS 00010 00000 00000 00000 00000 00000 00 WERE MADE QUASI DATA
JINPUT. BLOCK.  _ 40.UPDATED FROM_PRP BLOCK 40 . . . . . .
INPUT BLOCK 4] UPDATED FROM PRP sLUCK 41 '
_ L INEUT RLOCK ap UFDATED_FROM FRP BLOCK 42 .
_ INPUT BLOCK 43 UPDATED FROM PRP oLOCK 43
CINPUT "BLOCK 44 UPDATED FROM PRP BLUCK ~ 44
IRPUT BLOCK 45 UPDATED FROM PRP BLUCK 45 )
INPUT BLOCK 46 UPDATEDFROM PRP BLOCK 46
CINPUT HLOCK @7 UPUATED FROM PRP bLUCK 47
CINPUT BLOCK .48 UPDATED FRUM PRP BLUCK «8 )
INPUT BLOCK 49 UPDATED FROM PrRP BLOCK 49 6
: i MISOUTPUT BLOCK 46 CHANNELS 00000° 00000 00111 11111 01111 11101 11 WERE MADE QUASI DATA :
INPUT SLOCK 50 UPDATED FRKOM FRP BLUCK 50 ' N
' . MISCUTPUT BLOCK 47 CHANNELS G0000 00000 00111 11111 01111 1110} 11 WERE MADE QUASI DATA [\
INPUT HLOCK 51 UPDATED FROM FRP dLOCKR 51

_ MISQUTPUT S8LOCK 48 CHANNELS 00000 00000 00111 14111 01111 11101 11 WERE MADE QUASTI DATA
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Gap in a block for a particular channel (G).
Linear interpoiation in a block Fof a particular
channel (1). | |

Data from Update file applied in a block for a
particular channel (m).

S Card from Update file applied to a pérticular

‘channel (S). .
Abnormality Report (fig. 22) provides:
- 1list of errors in Update file

- 1ist of all éhann913'in'each block that have:

(a) been replaced by 1.0 EL0 due to field tape
conversion errors or because they are
less than - 10°.

(b) bseen normalised. 4

(c) beén replaced by‘i;D E10 as they stiil
retain the PREVEW desynchronisation
indicator (V+1.0 ElD).

list of time sequence errors and whether they

have been corrected.

compérison betueen-block numbers of PRP Plot

tapes anq the input tape from PREVEWU.

ii, OQutput tapes.

* MISDAT output tapse: 10-second data for further processing.

* MINIPLOT tape :  l-minute tape for quick plotting.

Format of these tapes is given . in Appendix 1

II1 -3 - 3., MISDAT assessment.

If the Print outs and the miniplot show errofs. remaining in

the‘data, then,’MISDAT may be run again with additional



FI1G.23

TWO PLOT

o

B
S
i

)
:
i
!
;
,
1
1
:
;
;
T
:
,
{
5
,
;
)

i
t
;
e
pe

MISDAT tape-]

NE’AB“‘

T

i

|

{
SURVEY 05

"
>OLA]
i
| 1

L
NAL TRA F’-
] H '
CE AFTER MISDAT:L[!

MAGNETIC TRACE _

b - 1 R
BN 9 M P LT N
N i gl LSy o1 |
R ik gl e f.ml 1
- IRERERAN NN R #
R R O REG) ! +b)- -
i - = —~ == g - ol.12
; ] == ~ : i ] RN
H : : i |

mm n : LI “ : ; i

P : : . _ AN i - : B : 1 i i

R £ ke REEE gEEEs
_ n R SR T R T i
I I L IO N a* 3 I N LT zj.,mr I {

T
o1
i -l
SYWWVY9 001 |



23

correction cards. This process appliés only to Survey 05;
it was abandoned uhen'itkhés decided £o carry out special
remaining‘pérreqtions on the output tape from MISDAT using
further programmes which are described in the following

section..

II - 4. - Additional processing: ' CLEAN UP, TWO PLOT, EDIT.

After PREVEW.and MISDAT have been performed, some

problems still reméin-oh.thevtrace;1‘they aref

1. Spikes: fhefe are two ﬁossible explanations
for spikes being introducéd into a trace by'thé.programme
MISDAT. First there is the human error introducing a spike
at the digitization table or when punching cards. Second,
there 1is ‘the Féct that the Use bf S cards hay‘allou spikes
(unrecognized by PREVEW because of a temporary malfunction)
to become visible which uére disguiééd on the PRP ﬁlot by
being a multiple dF.the plot‘scale.. | |
2. Errors in tﬁe data missed during MISDAT assessment.

3. Spurious phenomena introduced by the programme

PREVEW (Fig. 23).

C 4y Unsatisfactofy automatic linear interpolations
5. Due to mispunching and/or<errors in reading

the anélogue records, wrong data were introduced into MISDAT.

One way to solve the first problem was uith the BMR's prbgrammq
CLEAN UP. Detailed assesément and subéequent hand correcfions
were carried out with the help of the BMR's'plot programme:
TWOPLOT. Thevidéa behind'this_plot programme is to represent,

on a large scale the same.trace before and after processing by



e s . I T . : i = 0913

FiG. 24

oY T -t Lid- 444 PO 0 T O W 8 - BENE . - - I - 4 §-4- -
o prte ,..P‘ 4 - L.d_$-4- - 1. 4 - -13.
- o o — om T . - b " ~ O A gy o g i
.. 1.1 dor RS 4 . K-

\ o

JRE T T -~ I Y 1 1F1 - - ~R - - -4—1- —--
.. — o — ot b fn cun oul T it oyl By = —— = = . - e R
P N e R SO SN G W P - - O e R T o e e e O S T Y S S —

1
]

l e . . ... . .. . .

Ll
3
¥

Y . INEN RN i T ; 10

AFTER FILLING GAPS

i)

!

-

b

]

|

H

1o

SURVEY

BEFORE FILLING GAPS

i

i
L4

+
b

i

i

}

o

]

T
]
3

-
AN

14

3,4,58
, 35,36, 37
+
M
;
i

TWO PLOT OF GRAVITY CHANNELS

10’

CHANNELS 2
CHABNELS 34

|

{

)

1

T

)

ENSENEEE NN Ty Tl o912
$IVOIMIN § o .




24

all programmes from PREVEW fo CLEANUP; (example fig. 24)
it utilisas_tgo_tapes: the PRP plot tape and the output
tape from CLEANUP. |

Final editing_uas<r9alised with fhe BNR's'programme: EDIT
The outpﬁt tape from EDIT is the 10 second data tape which
représents as'nearly as possible thé true values being

measured by the various sensors at the time of recording.

Format of this tape is given in Appendix 1.
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IIT PHASE II

The purpose of bhase II is:

* fo compress the information from phéseAI into a
one - minute data tape.

* To reduce the Navigation data.

* To 60rrect tHe Gravity data for Ebtvos effects.

% To prepafe'Maghetic diurnal data for Further.
procsessing. o

- And finally to output a 1 minute data tape, in

the appropriate format, containing the following information:

- Timse

Final positions (Latitude and Longitude).

'Depﬁh data

G corrected for Eotvos effects

Magnetic data

Magnetic shore diurnal data

The programmes of Phase II are: (fig. 4)

GRANAV
CALNAV

EOTMAG - GRADED I or GRADUN

GRADED II or GRADEUX
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IIT - 1 - GRANAV.

The purpose of GRANAV is to sample the information

'from‘Phase I into a one minute data taps..

_During the conversion, any time shifts, filtering

and cross correlation necessary is carried out.

IT1 -1 - l. Dr009351ng - Problems.'

To perform a correct l minute sampling, the 2-minute
perlOdS which' may be present in the. spectrum of the various
traces must be removed. ‘This is realized by using an Anti
aliasing (A.A) filter. ' (Fig. 25) which corresponds to
Option I in GRANAV. |

For some traces, it might not be necessary to
apply an A.A. Filtering before sampling. This corresponds
to Option 0 on the parameter cards.

If it.is thought that Spikes remain on traces to
which an A.A filter will be applied, then Option 3 is |
availableﬁ a noving medianﬁfollooed byva moving average ars
first applied to the tracs with a very small uindou; then the
A.A. filtering is performed.
| Bption 2 provides the'average and median filters
as in Option 3 but omits the A.A. filtering to enable more
econonical.processing'of non-vital channels.

Finally in QOption 4, the l.minute values are
obtained by averaging over the 6 values starting at a 1-
minute point. |

For Options 2 and 3, the.size of the windous .
chosen in.the median and averaging filters has to be

specified on parameter cards.
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The standard sampling processing of the two

Surveys uses Option 1 for channels 2 to 10 and 21, 29.

(Channel 11, the heading, is not filtered, being a dis-
continuous function, but Channels 21 (sine) and 29 (cosine)
are filtered and the'heading is recomﬁUted from the filtered
data).

With Uptioh 1, up to five different A-A filters

can be specified, but the standard processiné.required.dnly

two. For Channel 6 (Magnetism) thé dominant period specified .

is 145 Seconds,,uhereas for all other Chénnels filtered, the
domiﬁant period is 217 séconds.
The filters used have the following common
characteristiés: |
'~ all filters are sinc function filters

truncated at the Fifth zerd crossiﬁg of the sinc function.

| = all filters are multiplied by a cosine
function that has its Fifst zero crossing coincident with

the fifth zero crossing of the sinc function.

COSINE FUNCTION

>

SINC FUNCTION




FILTER PERTOD IN SFCONDS 217.0
SAMPLING INTERPVAL IN SFCONDS 10.0
. CUT=0FF.AT.. .S.0TH ZERO

NUMBER OF POINTS IN FILTFR 109

FILTER FRACTION PERION PESPONSE

217.0 500 108,5 .00024
217.0 .518 112.3 00195 .
217.0 .536 116.3 .00189
21740 .555 - 120.4  -.,00036
217.0 576 124,6 =,00302
217.0 . +595 129.0  ~.00359
217.0 616 133.6 ~-.00087
217.0 . .637 138.3 .00381
217.0 «6A0 143,2 00719
217.0. ... ..683. .148,2 00603
217.0 . L707 153.4 =,00077
e e 21700 .. . G732 158.9. -.01094
217.0 .758 164,5 =-,01902
217.0 . 785 170.3 -,01783
217.0 .812 176,3  =.00042
217.0 .841 182,5 .03806
217.0 «R71 ‘1R88,9 .09930
217.0 .. . ...901 195.6 .18155 -
217.0 .933 202.5 28020 .
217.0 - - .966 209.6 .38880 : :
217.0 1.000 217.0 . «50029
217..0. . 1.035 224,1. .60806
: 217.0 1,072 232.6 . T0673
21740 . l.110.° . _240.8 . . ,79257
217.0 1.149 249,3 86358
217.0. -.-. 1,189 258.1 «91933
217.0 1.231 267,2- 96063
217,0. 1,275 . 276,.6 +98915
217.0 1.320 2R6,3 1.00705
- . 217.0. 1.366 296.4 1.01663
217.0 1.414 306,9 1.02011
217.0 1.4664 317.7 1.01947
217.0 1.516 378,9 1.01634
217.0. . 1.569 . 340,5 1.01201
217.0 1.625 382.5 1.00739
217.0 1.682 364.,9 1.00
217.0 1.741 77,8 .9995
217,0 1.803 391.1 99680 ;
217.0 1.866 404,9 .99496
"217.0 1,932 419,2 +99395
217.0 2.000 4346,0 .99365

GRANAV PRINT-0UT _
ANTIALIASING FILTER USED FOR ALL CHANNELS

9¢ 914
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FILTER PERIOD IN SFCONDS 14540
SAMPLTNG TINTERVAL TN SECONDS  10.0
CUT-OFF AT  S,0TH ZERO

NUMBRER OF POINTS IN FILTER 73

FILTER FRACTION PERIOD RESPONSE

145.0 . .500 © 72.5 .00024
145.0 .518 75.1 .0019%

1645.0 .536 77.7 .00189 »
165.0 «555 A0.6 =-,00035 .
145.0 574 83,3 -,00302

e 16540 . «595... ° 8642 . =.00359

145.0 616 A9,3  -,00087

145,0 637 “ 92,4 .00381

145.0 660 . 95,7 .00719

145.0-. - 683 . ... 89,0 .00603 -
"145.0 .707 102.5 ~.00077 .

L-165,0. . L732.. . 106,1 . =,01094 _. _..

145.0 .758 109,9 -,01902

145,0.- 785 . - 113.8 -,01783

145.0 .812 117.8  -.00043

165,0 .841 171.9 . ,03806 -

145.0 .AT1 176.2 «09930"

145.0.. .901 130.7 .  .18155

145.0 .933 135,23 28020

145.0 - .966 “160,1 .38880

145.0 1,000 145,0 .50029
145,0. . 1,035 150.1. .60806

145,0 1.072 155.4 «70673-
J145.0 0 141100 ... 160.9 o 79257 ... _..
145.0 1,149 166.6 .86358 .
. 145.0... 1.189 172.4 .91933

145.0 ° 1.231 178.5 «96063
145.0... . 1.275 184,.8 .98915

145,00 . 1.320 191.3 1.00705
145.0 .. .. 1.366. .198.1 1.01663

145,0 1.414 205.1 1,02011

145.0.- .. . l.464.. 212.3  1.01947 .

145.0 C1.516 . 219.8 1.01635

145.0 1,569 227.5  1.01202

145.0 - 1.625 235,6  1.,00740

145,0 1.682 243.9 1.00312

145.0 1.741 252.5 +99953

145.0 1.803 261.4 .99680

145.0 1.866 270.6 .99497

145.0 1,932 ?A0.1 «99396

“145.0 2.000. ?90.0 «99365

GRANAV  PRINT-OUT
 ANTIALIASING FILTER USED FOR MAGNETIC DATA (Channel 6)

12914



FIG.28A
GRAVIMETER ZERO VALUES
PORT SURVEY.| DAY | CALENDAR DAY | METER ZERO in mgals.
SYDNEY 13.08.70 971,161.0
MACKAY 21.08.70 971,160.8
CAIRNS 23.08.70 971,160.4
PORT MORESBY | 05 00 02.09.70. 971,160.1
MADANG 05 15 16.09.70" 971,161.1
" LAE 05 1.8 20.09.70 971,159.2
RABAUL 05 53 27.10.70 971,157.0
PORT MORESBY | 05 58 21.11.70 971,156.7
HOBART 10 25 08.01.71 1971,160.3
HOBART 10 40 20.01.71 971,161.3
. EDEN 12 18  24.04.71 971,169.6
NEWCASTLE 12 26 01.15.71 971,171.2
NEWCASTLE 12 45 20.05.71 971,171.0
BRISBANE 12 65 . 09.06.71 971,171.1 .
GLADSTONE 12 87 01.07.71 971,169;5
BRISBANE 13 17 18.07.71 971,170.6
GLADSTONE 13 40 10.08.71 971,174.1
_TOWNSVILLE 13 59 29.08.71 971,170.3
CAIRNS 13 79 19.09.71 971,169.5
BRISBANE 14 02 10.10.71 971,168.4
CAIRNS 14 25 02.11.71. .971,168.0
CAIRNS 14 51 é8,11.71 971,169.0
‘HOBART 14 77 24.12.71 971,169.0
LAUNCESTON 15 24 17.01.72 971,175.5
NEWCASTLE ‘15 76 10.03.72 971,179.1
LAUNCESTON 16 01 28.03.72 971,180.2




FIG. 288B

GRAVIMETER ZERO  VALUES
PORT SURVEY | DAY | CALENDAR DAY | METER ZERO in mgals.
PORTLAND" 16 21 18.04.72 971,178.
PORT ADEIATDE | 16 30 26.04.72 971,179.
PORT ADFIATDE | 16 51 18.05.72 971,179,
PORT LINCOLN| 16 72 © 08.06.72 971,178.
ESpERAN_CE 17 01 1 03.07.72 971,180,
FREEMANTLE | 17 24 26.07.72 971,179.
PORT HEDIAND | 17 47 18.08.72 971,17'9.
BROOME 17 73 13.09.72 971,186.
" BROOME 17 78 18.09.72 971,186.
CARNARVON 18 02 27.09.72 971,185.
DARWIN 18 18 13.10.72 971,185.
PORT HEDIAND | 18 49 13.11.72 971,184,
FREEMANTLE 19 o1 12.12.72 971,182.
AL.BAN.Y 19 10 21.12.72 971,183.
FREEMZ;.NT.LE 19 25 ' 06.01.73 971,183,
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The purpose of this ﬁHamming“ function is to reduce the
severity of the ﬁscillatibns on the filter response curve
caused by fruncating the sinc function. |
- All final~Filter coefficients are norm-
alized by dividing each Coefficient‘by the sum of all
coefficients within the filter operator.
| - THe response curves of the filters used

are given in Fig. 26 and 27.

The standard processinglapplied on the Gravity data is:
| - The Gravity trace is calibrétéd according
to the absoiute value'of the grévity (determined during each
port of call) and calibration curves for the meter (given
by the manufacturer) - See figures 28 and 35.
- The gravity chénﬁels are shifted in time
to allow for delay eFFects'oF the anaiogue filters in the

gravity meter.

This aﬁplieé'bn Channels 2 (Gravity), 3 (Cross Coupliﬁg),

4 (Total correction). During Survey 15, the gravitymeter

was dverhépled in Auétin (Texas). At this time the values

 of the different analogue filters wers cﬁanged. The following
table sums up the modal time shifts applied during'tﬁe
rbrqdessing. It should be noted that the figures addpted.differ
substantiélly.from the ones given by the manufacturer. O0One

way to determine thev"modal time shifts" is to do a statistical
compariéon bethen the raw Gravity trace and the rau
borresponding Eotvos trace. (The:time shifts are not cdﬁstant}-

they .wary with the frequency. Tha‘"modél time Shift" is the



CGRANAV TNPUT DATA OFPORT,
SK1IP - -0 OFAD  1R00 RLNCKS,
1 IMPUYT TAPES AS FOLLNWS -

005708 MERGFNIT/167

ONF MINLITE SAMPLING OPTIONS=

0000000011111111112222222222333
?34567890123456TRIN]234567K9012

illl1lll10000500600100000001000 SEE OPTION IN REPORT
OUTPIT OPTIONS - PRIMARY - ALL - VLF - PLOT '
e 1.0000 =0.0000  -0.0000 -0,0000
TRITON PARAMETERS - 120.00000 f,00000 B.N000N 4.00000 2.0000n
GRAVITY 7FP0  97117A.A00 FOR CRUSE N22
(CORRECTINONS 1. 0,0 10PH.? 2056.6 30R4,5 4112.6 S5140.7 6169.1 71687.8  &PPA.7  9255.5 -10284,1 11311.7 12337.8
FOR GRAVITY : ‘ .
{nT, FacTs. 1.0782 "1.0287  1,0281 1,0281 1.0281 1.0286 1,027  1.0789  1.628F  1,028& 1,0276 1,0261 =0,0000
GRAVITY SHIFTS, <) 5 9 "CH 2, 3,4 IN THIS ORDER
SAMPLING FREGUENCY A (hours) .FOR NOISE ANALYSIS
TRITON CHANNEL 0 - CROSS CORRELATION NOT DONE

FILTE® HALF=WINPOWS = CH. 1-32 0 =0 =0 =0 =0 -0 =9 -0 =0 =0 =0 =D -0 =0 -0 =0 =0 =0 =0 =0 =0 -0 =8 =0 -0 =0 -0 -0 -0 =0 =0 =0
A= FILTFR NO = CH 1=32 02222]122220000000000206000002000

NO OF LINFAP A-p FILTERS .

PERIONS NF CUT=-OFF ARE  .14% 217 720 240 -0 FILTERS N2 1,2, 3,4 IN-THIS ORDER

PROCFSSING RFPORT,

GRANAV  REPORT SURVEY I6

f
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one that is considered to occur the most frequently).
—
Channels : | ‘ _
2 : 3 4 COMMENTS
ime Periods ,
|From EUPVBY 05 | 150secs | 90secs |90secs | Manufacturer
_ o _ A
beginning of "Modal"
Survey 15 70secs | 120secs |90secs || Experimental
From end of o ‘
Survey 15 180secs | 60secs |60secs || Manufacturer
to . A — — — '
Survey 19 = 7 90secs 50secs |60secs || Experimental

For reporting purposes, a Noise Analysis is
per?orméd on Channels 2 (Gravity) and 6 (Nagnetism). The
" main stepé ére‘as follows: |
| i. Given:
- a one hour block of trace and two blocks
of ten minutes before and after, all data at ten second
Aintervals,
- a filter window from B.M.R. filter
programme of half window size inferior or equal to 120 points,
i.e. 200 minutes, for a specified dominant period for each
trace. '(IF for the spécified.dominant period,ithe half windowu
isize is greater than 120 pointéruith 5 zerﬁes, then,_leés
zeroes are éutométically taken).
- and Finally,‘a histogram iﬁterval.
ii. .Then:
| -  the programme applies thé filter to tﬁe'
block of trace fq get a fi;tered trace in the one hour period

at each ten second points.



FILTER PERTOD IN SECONDS 240.0
SAMPLING INTEPVAL IN SECONDS 10,0
CUT-OFF_AT .. 5.0TH ZERO . .

NUMBER OF POINTS IN FILTER 119

FILTER  FRACTION PERIOD RESPONSE

"240.0 500 120.0 00024
240.0 - .518 174,2 «00195
240.0 5136 128,.,6 © .00189
240.0 - 555 133.1 -.00036 .
260.0 574 137.8 =-,00302
e = - 26000, e oo . #5965, . 142.7 -.00359.
T 240.0 616 147,.7 -.00087
24040 * 637 152.9 «00381
240.0 660 . 158.3 00719
240.0 - .6A3 163.9 00603
240.0 <707 169,7 -.00078
L2400 - . ~a732. - . 175.7.. =-.01094
240.0 .758 181,9 -.01902
260.0 - - 785 188.3 ~.01783
260.0 .812 194,9 - 00042
24040 - .841 201.8" .03806
240.0 +A871. 208,.,9 « 09930
- 260.0 - .. . +901 21643 18155
24040 933 223.9 28020
260.0 - «966 . 231.8 «3RB79
240.0 1.000 240.0 «50028
24040 1.035 24R,.5 .60805
240.0 - 1.072 257.2 - 70673 °
240.0 1.110 . 266.3 . +» 79257
240.0 1.149 275.7 +86358
240.0 1.189 PRS5,4 +91933
260.0 1.231 295.5 96063
- 24040 1.275 .. 305.9 «98915
240.0 © 1.320 316.7 1.00705
240.0 . . 1.366 327.8 1.01663
240.0 1.416 339.4 1.02011
260.0. ... l.46a. 351.4 1.01947
240.0 1.516 363.8 1.01634
24040 . 1.569 376.6 1.01201
260.0 1.625 389,.9 1.00739
240.0. . 1.682 403.6 1.00311
240.0 1.741 417.9 99952
240.0 1.803 432.6 +99679
24040 1.866 447.9 99496
240.0 . 1.932 463.6 99395

240.0 2.000 480.0 '<99365

 GRANAV  PRINT- OUT .
FILTER USED IN NOISE ANALYSIS OF MAGNETIC DATA
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FILTER PERTOD IN SECONDS 720.0
SAMPLING INTERVAL IN SECONDS  10.0
CUT-OFF AT. .3.0TH ZERO. '

NUMBER OF POINTS IN FILTFR  21S

FILTER  FRACTION  PFRIOD RFSPONSE .

720.0 500, 360.0  .00108

<720.0- .518 372,77 00442
720.0 .536 385,8 00672
720.0 «555 309,4 00672
720.0 574 413.5 .00380
720.0 .- 595 . 428,1. =-.00178
720.0 .616 443.2  ~.0088S
720.0 637  458.8 - =,01548
720.0 660 475,0 =.0193¢

" 72040~ -2683. . . 491,8 . -,01804
720.0 = .707 509.1 -,00947
72000 - #732 . 527.1. © .00793.
720.0 .758 565,7  ,03500
720.0 .785 S64.9 .07183
720.0 .B12 S84,8 .11784
720.0 o841 605.4 17184
720.0 .871 626.8 .23227
720.0.... . 4901 . 648,9 .29728
720.0 .933 671.8 +36499
720.0. .966 . 695,5 .43355
720.0 - 1,000 720.0 .50127
720.0. . 1.035. 745.4. .56672
720.0 1.072 771.7 .62872
7200  1.110..  .798.9 68641
720.0 1.149 827.1 .73918

.. 72040~ - - 1.189 856.2. . 78669
720.0 1.231 = B8R6.4 = ,82882

S720.0.  © 1.275 . . 917.7 86564
720.0 1.320 " 950,0 .89735
720.0. . 1.366... .983.5 .92426.
720.0 1.414 1018.2 94676
720.0 1.464 1054, 96527
770.0 1.516 1091.3 .98024
720.0 1,569 . .11729,8 «99210
720.0 1.625 1169.6  1.00129
720.0 1.682 1210.9 1.00821
720.0 1.741 1253.6 . 1.01322
720.0 1.803 1297.8 1.01665
720.0 1.866 1343.6  1.01881
72040 1.932 1390.9 1.01994
72040 2.000 1640.0 1.02028

GRANAV PRINT- OUT
FILTER USED IN NOISE ANALYSIS OF GRAVITY DATA

2¢ 9old



CNOTSF AMALYSTS Ny CUANMEL NO. A NF ONE HOUR RLOGK STAPTING AT TIMF . 3441300

NOT<F IS THOSE FREOQUENCTIFS OF PFRINN LESS THAM NOMINALLY 240 SECONNS,

NOISF RANGF -  =2.a 10 1.6

MEAN = -.0 . \
VARTANCF..« . . lets .

R.M.S, - 1.2

NOTSFE HISTNRRAM -

RANGF PFRCEMT HISTNGRAM = ONE PRINT POSTTIONH = | PFRCENT,

(OVER) H-GRAM CUM=VE . -

-994, 0.0 0.0 I 1
-40, n,0 c.0 1 1
-35, 0.0 0.0 I 1
=30, - 0.9 0.0 1 I
=25, -~ 0.0 0.0 T 1
-20. 0.0 0.0 7 1
=15,- 0.0 0.0 -7 1
-10. 0.0 0.0 1 1
— =5, S0.6 50.6 To - & 1
0. 49,4 100.0 .1 # o 1
BTl STIETIN T RS 1 100 S, SUNIPRN : . : .- e . 1
- 10, 0.0 100.0 I 1
15 - 0.0 10040 -1 1
20. 0.0 100.0 1 1
?5. 0.0 100.0 1 1
30. 0.0 100.0 I I
35. - 0.0 10040- 1 1
40, 0.0 100.0 1 I
45, 0.0 100.0 T , 1
50. T 0.0 100.0 T 1

DEPTHS AT 10 MINUTE - INTFRVALS = 4790, 4770. 4780, 4800, 4800. 4850, METRES

sINE OF COURSE AT j0 MINUTE INTFRVALS - =1.00000 ;].00000 -1.00000 =-1.00000 -.9Q985 =~=1.,00000
. . . HEADING 270°

COSINE OF COURSE AT 10 MINUTE INTERVALS =  =.00000 >.00000 -.00000 -,00000 01765 ~,00000

GRANAV PRINT-OUT SURVEY I6
NOISE ANALYSIS ON MAGNETIC DATA

RECORDING DONE IN DEEP WATER

og "94|:l



NOISF ANMALYSTS O CHALMFL MO, A OF QONE HOLIR BLOCK STASTING AT TIMFE 33,2100

NOISE IS THOSE FOFQUFLCTES OF PFRING LESS TraN NOMINMALLY 240 SFOONMDS.

NOTSF RANGE - =-25.7 TN 38,5 . v /
MEAN - .

VARTANCF. =. . 64,
PoM.S. - Aok
NOTISE HISTOGOAM -

.\

RANGF PERMCENT HISTOGRAYM - ONF PRINT POSITION = 1 PRRCENT,

(OVER)Y H-GRAM (ClM=VF
-999, 0.0 0.0 T 1
-40, 0.0 0.0 1 1
-35, n.n 2.0 1 I
-30. oA o TF 1
B L P Val-. TA- 1
-20. 1.l 2.2 1 1
<15, 1.9 Ge2 T e I
-10. 10.2 16,6 1 . : 1
~S. - 35,0 49,4 V- ..~ . . : —% o ’ C e S I
0. 35,3 as,7 .1 : et - . : . ) 1-
veme Bgaeae L0 0. Qg T lm o e e - - : . ’ L S ’ . 1
10. 3.9 a6 1 ’,»"”’—i : . : : - 1
15, . .3 9”9 T ‘ , . C e ‘ I
o 20. - 0.0 98,9 II o ) ‘ - L L 1
© .25, .6 99,4 1 ) : , - 1
30. 0.0  o9a.s rl 1
BB e mghe - 10040 T - 1
40, - 0.0 100.0 1 ¥ 1
45, - 00 10040 T 1
50. 0.0 100,0 T 1
DEPTHS AT 10 MINMUTE INTFRVALS - 69, 72. 71. 68, 69, 44. METRES
SINE OF COUPSE AT 10 #INUTE INTFRVALS - .01745  06.00000  0.00000 «01745 01745 0.00000
: . HEADING 000

COSINF OF COUPSF aT.10 MINUTE INTERVALS. - .6098s 1.00000 1.00000 «990R1Y] «996125 1.00000

—— [ - . . . . {

GRANAV PRINT-OUT  SURVEY 16
NOISE ANALYSIS ON ‘MAGNEATIC DATA

THE SHALLOW DEPTHS INDICATE THAT THE VALUE OF THE R.M.S. COULD REPRESENT INFACT MAGNETIC PHENOMENONS ;
HENCE A VISUAL INSPECTION OF THE CORRESPONDING PLOT IS NECESSARY TO AVOID ANY MISINTERPRETATION OF THE NOISE FIGURE

ie 914



30

- thé filtered trace is substracted from the
original trace to give a noise trace (N) in the one hour
period at each ten.second points (i.e. 360 vélues; which
we call Ni, i=1,360). |

- The 360 Ni values are‘téken as a statistical
sample of the noise, and the Mean, Range, variance and
Standard deviation of the Ni are determined.

- a histogram of the Ni values is drawn,
showing bdth cumulativeAand intérval percentages in 20 slots
of the specified width.

- additional information (Depth, Heading) is

printed out; this allous a better recognition of whether the

values found represent the true noise figure or are due to
external parameters such as change of speed or turn for
gravity data, or shallou water recordings for magnetic. .

(Ssee Fig 30, 31 and 33, 34).

For both Surveys, the filters used had a dominént period
of 12 minutes for gravity, and 4 minutes Fpr magnetic.

Response curves are given in Fig. 29 and 32.

_.in a GRANAV run, all EDIT outpﬁt4tapes For'one»
cruise are.successively input. The GRANAV output(s) will be
one-tape for the whole cruise; on this tape, the time will
be sequential from the first data to the last; if Uﬁen
reestablishing the continuity in time, data ara'missing,

1.0 E10 is put in each chénnel, except channel 1.



NOTSE AMALYSIS ON.CHANNEL &G, .2 OF ONE HOUR RLOCK STARTING AT TTME 34,1300
NOTSE IS THNSE FRFEGIENCTIFS OF PEQTON LESS THAN NOMINALLY 770 SECONDS,
NOTSE PANGE - -8 TN .9
MFE AN - Sl
. VARIANCF - .1
\ R.M,5, - - el
\ © NOISE HISTOAPAM - -
RANGF PFRCENT HISTNGRRAM = OME PRIMT POSITIOH = 1 PFRCENT,
_ (OVERY  H=GRAM  CUM=VE
" =999, 0.0 I |
-16, . 0.0 0.0 T
-l4, 0.n .0 1
-12. 0.6 0.0 1
=10, 040 0,0 -1 .
-8, n.0 0.0 1
-6, 0.0 0.0 15 -=
-4 o 0.0 0.0 1
-2 - LB 6 4B.6 T - - &
0. 51.4 100.0 -1 #
S TR ) L ¢ SURUINED N ¢ ¥4 N | BN (S — - -
4, 0.0 100.0 1
- B 0.0 100.0 -7
], 0.0 -100.0 1
10. 0.0 170.,0 1
12. - 0.0 100,0 .7
14. Daln 200D » Ton mnen
16, n,n 1n6,0 1
18, ‘0.0 10,0 1 N
20, 0.0 1006.0 1T
DEPTHS AT 10 MINUTE INTFRVALS - 4790. 4770, 4780, 4800, 4R00. 4A50. METRES
SINF OF COUPSE AT 10 #INUTE INTFRVALS - ~1.00000. -1.,00000 =1.00000 =1.00000 -.99Q985 . ~1,00000
: ) HEADING 270°
COSINE OF COURSF AT 10 MINUTE IMTFRVALS - -.00000 =.00000 ~a00N00 -~ 00000 .01745 -.00000
GRANAV PRINT-0UT SURVEY 1|6

" NOISE ANALYSIS ON GRAVITY DATA

€€ 'old
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N U ay o a B A e B By Em e e B S " b = .

NMOTSF_ ANALYSTS 0OH CHARMFL MO, 2 OF ONF HOIIR BLOCK STARTING AT TIMF 37,0500
NOTISF IS THNASF FRENUENCTES NF PEPTON LFESS THAN NOMIMAILLY 720 SECONDS,
c NQOTISF RANMGFE - -2.0 10 AP
MEAMN - il
VARTANCF - 4,5 ’ = s
"R.M, S, - 2.1

NOTSF HISTORRAM -

RANGF . PFROEMT HISTOGRAM ~ NNFE PRINT POSTITIOH = | PFDCENf.
(QVER) H~-GRAM (ClIM=VF

999, . 0.0 noe T 1
-16. 0.0 9.0 T . 1
-14. 0un neo 1 . 1
-12. 0.0 0.0 1 I
-10. .- 0.0 0.0 T . 1

-a, 2.5 2.5 - 1 I
-6, [ 3,9 1 4£\~_‘A 1
-4, 4.7 a.6 1 ' . !
-2. a4 6 S3.1 T E— 1
0. W4 87,5 .1 _ 1
2. £.3 as,.n 1 1
a. 3.3 ea.» 1¢’,ﬂ”"”—77 1
6. L2 1np.n T 1
R. 0.0 100.0 T 1
10. 0.0 100,07 A 1
12. 0.0 100.0 1 1
14. . 0.0 . 100.,0-1 . - 1
16. 0.0 100.0 71 1
18. 0.0 100.0 1 1
20. 0.0 . 100.0. T . 1
NFPTHS AT 10 MINUTE TNTFRVALS - " ao0. 78. 70. 8. A1, 65. METRES
SINE OF COUPSF AT 10 WINUTE INTFRVALS - = =.03490° =-.05234 =.05234  =,99a8% =1,0000)  =-,999A%
COSTNF OF COUPSE AT 1n MINUTE [NTERVALS - - 96039 .99867 ,95863 .01745  —,nnpn0 .01745

HEADING 000° _ 270° 270°

GRANAV PRINT-OUT SURVEY 16
NOISE ANALYSIS ON GRAVITY DATA

APPARENT NOISE IS DUE TO CHANGE OF HEADING
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Special optional processing: a cross - correlation

may’be performed.betueen Gravity and either Cross Coupling
or Total correction; (See Appendix 4 and Chapter III.S,l)
If so; a 10 second data, tape is output, containing high and
lou Frequehcy compbnents of'the'correétion trace and of the
Gravity minus the correction trace, Grévity trace before
and after cross - correlation.

As an optlon, an A.A. filter may be applied to the cross

correlated grav1ty.

(Note: The cross correlation parameters currently used are

given in Appendix 4.)

ITTI - 1 - 2. GRANAV outputs.

The outputé from GRANAV are a printout and up to
four various tapes.
’i. Print out.
It provides: - a list of all parametefs used: gravity
meter\zefo; options used, filters aﬁplied. (Fig. 35)
- response curves of A.A. filters (Fig.
26 ‘and_27) | | | |
- statistical results and histograms of
noise analysis, uifh Depths and Headihg of ‘thé ship every
10 mlnutes during the hour of analy31s. (Fig. 30,31 and 33, 34)
- list of total gap time for each channel

(Fig.36).

- -Start and stop times for each gap in

channel 7 8 or 9 (Fig. 37).



" YOTAL GAP TIME IM FACH CHANNEL. ' ’

CHANNFL GAP TIME (HRS)

2 19,2

3 17.4

4 19.9

5 19.8

6 19,4

7 17.4

A 17.4

9 - 17.6

10 20,0

11 16.R

12 1A.8

13 - 17.1

14 17,1

15 17.1 .
16 17.1 . ) : N
17 17.1 : : .
18 17.1

19 17.1
20 17.1
21 17.4
22 17.1
23 17.1
24, 17.1
25 ‘171

26 17.1

27 . 17.1

28 17.1
29 17.4

30 17.1
31 17.1

32 17.1

GRANAV . PRINT-0UT
TOTAL GAP TIME IN HOURS ~

9¢ '9ld



CHANNEL 7
40090000,2000. nnoonn"anJo 00060005000.00000002000,0000000%000,00000¢0%0006.0000000%000.0000000%000,00000002000. 0000000  -.0126628
40091000,  -.012714h  =.0176933  =-.0127640 =-.012R327  =.0127425  -,0125683  =-.0124583  -,0123780  -.0122490  -.0121%41
40092000, -.01223531  =.0124074  =-.0125077  -.0124925  =-.0123755 =.0122283  -.01218R7  -,0122747 -.0123234  -~,0122927
40003000, -.0121636  =.0126779  -.0124380 =-.0122598  -.0122350 -.0123700  -.0123971  -.0123212  -.0123245. <+0123191
40094000,  -.0121857  =.012109]1  <-.01220046 =.0122962 =.0123075  =-.0123383  -.0124220  -.0124738  -.0124420  -.0123751
40095000,  ~.0123653  -.01267R0  -.0124645 =.0123508 -.0123176  -.0124666 -.0125844  =.0124462 -.0122275  =-.0122434
CHANNEL 8
£0096000.2000.00000002000,0000000%000.0000000%000,0000000#000,0000000%000.00000002000,00000002000.0000000%000.0000000 20247443
40091000, L0246A49 L0244R19 L0246072 .0248382 .0248225 .0246652 .0246019 .0246165 .0246323 L0246374
40092000, .0246368 .0246191 L0245715 .0245128 .0244643 .0243921 .0243251 .0243937 .0245689 .0246766
40093000, .0266943 L0246924 L02664T2 .0245842 +0245433 .0264521 .0243351 .0243554 0264349 .0244157
40094000, .0P64158 .0245277 .02458135 .0245235 «0245001 .0245742 .0246703 .0247025 .0246429 .0245809
40095000, . .0R246628- 0247834 .0248398 .0247911 .0247502. - ,0247522 .0247893 .0248801 20249649 .0249126
CHANNEL 9 : . , :
40090000.5000. nnnnnonvnon.ooooooovnoo.ooooooo«ooo.ooooooocooo.oooooooaooo.oonoonnﬂooo.ooooooouooo.oooonOO#ooo.ooonooo .0272957
40091000, . .0270608 .0269986 L0272726 .0273035 +0268R14 .0266037 .0267699 +0269587 .0268853 .0268092
40092000, .0269912 .0272610 .0273130 .0270931 .0268291 ,0267013 .0267109 .0268634 .0271222 .0273100
40093000, 20273430 .0273725 .0273738 .0270655 .0266244 .0265651 +0268304 .0269210 .0268970 .0270382
40094000, .N270995 .0269099 .0268168 - .0270340 .0272264 .0271800.  .0271086 .0270928 .0270564 .0270642

40095000, LN271065 .N270617 +0269679 .0269987 0271617 0272538 .0271224 » 0269660 .0270044 +0271301

GRANAV PRINT-O0OUT

THIS. REPORT . GIVES AN ACCURATE DESCRIPTION OF THE REMAINING GAPS ON CHANNELs 7,8 & 9
- SONAR DOPPLER AND CHERNIKEEFF LOG)

T IS INTENDED TO BE USED WHEN ASSESSING THE NAVIGATION DATA.
( GAPS® ARE FILLED WITH 1.0.E€.10)

¢ 'Old



32

ii.. Output tapes

| - Tape 20: 'uili be used for further
processiﬁg. The format is given in Appendix 1.

| - Tape'25:. l-minute data.tape of V.L.F.
channels. bIt was not produced.
- Tapé_SD: l-minute data tape of éll

channels. It was not produced. |

| - Tape 35: 10 second data tape of gravity
traces. This tape'is putput when "the croés - correlation

is performed. The format is given in Appendix 1.

III - 1 - 3. GRANAV assessment

The GRANAVloutpOt tapé'20 is plotted for
- assessment; channels 2 and 6 to 12 are:plotted together at
a small scale (1" = 1 hour) on the same ploﬁ. Navigation
chanhels 7 to 10 are plotted in both integrated.values and
incremented(valués.
vThe aim of this assessment is:

- to ensure that the programme GRANAV
performed corfectly.A

- to'check that the quality of the data
corresponds to the quality expected for further proceséipg;
if spurious phonomena remain (for example, error on a
- correction introduced in EDIT and aggravated (spread) by the
A.A. filtering), fhey will be corfacted; prior to entering

CALNAV by using B.M.R.'s EDIT programme.
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III ; 2. tALNAV.

| Purpose: Programme CALNAV. reads the tape containing
one-minute data for the principal channels for one cruise as
produced by GRANAV, and cards containing the latitude and
longitude of the satellites fixes. (See Appendix 5 for
particular cases) For each of the three navigation systems
(sonar Dopplsr, CherniKeeff aﬁd Pressure Log).- the ship's
position in‘latitude and longitude betwsen the éixes is
determined. The output tape produced by CALNAV contains the
Gravity,"msgnetism and Depth data as produced by GRANAV
and the latitude and longitude for each navigation system .
at one minute intervals. | L

Programme CALNAV is dividsd into four separatev

stagesﬁ CALNK, CALNA, CALNB, CALNC. First, CALNK is
performed, then CALNA and finally CALNAV (which corresponds

to CALNA + CALNB + CALNC).

III - 2 - 1. Processing.

* General Procsssing.

i. CALNK.
CALNK reads the input tape, converts the navigation data For‘
each system 1nt0 northings and eastlngs, and bstueen
SUCCBSSlVB pairs of satellite fixes, calculates the callbratlon
factors for each systsm.. Means and.stapdard deviations of

these calibration factors are CalcUlated and printed.

'‘Organisation of CALNK: (for each navigation system)

1. Starting at satellite fix 1, dead reckon (d.r.)
on ship navigation system to get latitude at each fix time ij;

let d.r. latitude be, la;; let fix latitude be, LA,



LATITUDE

>
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t
'
] ]

! |
| I
- | €—SEGMENT———51

N ,rr s mamneca = --

FIRST FIX

K. =

TIME
Note: only Latitude is shoun.
2. Do same for longitude (lo; , LDi)

3. Calculation for each segment betueen‘cbnsecutive

fix times,
Distance from (la; , loi) ~to (lay .1’

1 . : )
) Distance from (LA, ,‘Loi) to  (LA; .1’

)
)

loi + i

LOi +1
Fof all i Uhere (i+l) is the consecutive fix time after i,
distance being geodetic distance.

4. Averaging Ky weighted as the square of the

Lo, . .

distance from LAi ’ LDi #O"LAi+1’ irl

ii. CALNA.

CALNA applies the meén calibration'Factor_appropriate
to gpach system and each time pgriod (determined by the
assessment of CALNK; for example, if one change of calibration
occurs on one system at satellite Sn, it will be decided to

split‘the.calculation'of the average calibration at Satellite

.Sn).



THE SLOPE OF THE CURVE AT POINT 3 IS DETERMINED BY :

to= (|mg- mz| ma+ [my=my|[mg)/7(|ma-my|+]|m;-m})

WHERE m,, m,, my AND m, ARE THE SLOPES OF LINES T2,
23, ¥4 AND 45 RESPECTIVELY. UNDER THIS CONDITION
THE SLOPE t OF THE CURVE AT POINT 3 DEPENDS ONLY
ON THE SLOPE OF THE FOUR LINE SEGMENTS AND IS
INDEPENDENT OF THE INTERVAL WIDTHS (AFTER AKIMA)

THE CURVE 'MUST FIT THROUGH POINTS I, 2, 3,4 AND 5

AKIMA . CURVE FITTING' METHOD

FIG. 38
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Organisation‘of CALNA: (%qr gach navigation system).

_1Stages l to 4; aré:performed as before but>taking
into accouﬁt the calibration splits specified by parameter
cards.

5. Starting at fix 1, latitude,and longitude

are dead - reckoned as beforé but the average calibration
factor(s) K is applied to the ship's observation before
dead reckoning. The dead reckoned poéition is calculated
at éach l-minute point (la'k 5\lp'k) and at each fix time
(la'i R lo’i); | | A

6. The érror in latitude at sach fix ela'i is

determined:
ela"i = LI-\i - la'i |
7. Same is done for longitude:
elo', = LO, - lo',.
i T i i
iii. CALNAV
CALNA is performed again but on the basis defined by the

assessment carried out aftef the first run of CALNA. Then

' CALNB is applied:

- A Spline function is fitted through all
the points elé'i'to give a value at each 1-minute point ela', .
| | - Same_ié done- for longitude (elo'k)
- Final latitude at sach l-minute point
is determined from:
la, = la'

K K *oela’y

- Same is done-for lOngitude.
Remark: at each satellite fix,

lak =’la'i-+ LAi -la'i

= LA,
i
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Finally, CALNC is applied: this programme reads the
navigation data for the three navigation systems and combines

it with the geophysical data.

¥ Points of special interest.

i. SPLINE functions.

Tuo different spline functions are ihcdrporéted in the
programme CALNB: the C.G.G. spline and the AKIMA spline.
The programme can use either as required.

In the first cne, the Cufve'is'determined by the following

" means:-

- betuween tuwo consecutive satsllite fix
poihfs, thé mathematical function is a tHird degree
polynomial curve.

| - at any given satellite fix point, the

curve has continuous tangent and curvature, so the Eotvos
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| correction will be continuous and'rhe slope of the Eotuos
correction will be contihuous,

- the curvature at the first three given
points (and the curvature at the last three) are a llnear
function of-the abscissas of the thres points. This
condition tends to prevent ascillations between successive
poiuts.

The AKIMA spllne is based on a plBCBUlse function composed
of a set of polynomlals, each of degree 3, at most, and
applicable to su009331ve intervals of the glven points.

In this. method (Fig. 38) the slope of the curve at each
given point is determined from the values of the point and
two neighbours each side, and each'polynomlal representlng a
portion of the curve betueen a pair of given points is
determined by the coordlnates of and the slopes at the points.
The curvature will. not be contlnuous at the p01nts and hence
the slope of the.Eotvos correction will not be cont;nucus.
C.G.G. and AKIMA splines are written in FORTRAN language.
AKIMA splifie being a special purpose subroutine takes less
room in memory and appears a little faster than the other
method. But the main advantage of the AKIMA is to prevent

propagation of errors.

ii. Calibration factors. (Fig. 39).
Minimum and maximum thresholds for calibration factor
(calculated in CALNK and CALNA) eliminate abnormal

calibration factors.



38

‘iii. Gaps.

o * The maximum interval acceptable by‘the programme

CALNAV betueén tuo.sgfeiiite fixes is ten hours. 'IF a

working stoppage greatér than this'périod occurs, "dummy"

" satellite fix data card are input;' havigation'uill be

interpolated ;n straighf liné-betuéen each ﬁdummy" satellite
fixy this subsequent "dummy" navigation:uili be deleted in
the Fbllouiﬁg prqgramme:EUTNAG.

* If during the deking»period;‘a gap occurs in nayigatibnal
daté For,ahe of tﬁeiSYStems (due to failure or stoppage of
thié.system), a'"étraight line" section is hu£ in the gap so
that the error (ela) between satellite and ship latitude

is the same at fix i as at Fix i+l.

A
=
O
—J
- GAP :
(o] . - ) ] \ )
2 ' mﬂ
. , i
Teta; ela; = ela, 4 é
I
. b . .
e : . - b —
FiX o o A FIX 141 TIME

In other words, the'change in latitude between the fixes
calculated from the ship's system is made to be the same
as that calculated from the satellite.

The same is done for the longituds.
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III - 2 - 2. CALNAV outputs.
The CALNAV outputs are: |
- Print outs:

- . Punched cards

- Up to tuo magnetic tapes

"i. Printouts: (ali distances are in minutes of arc).
* CALNK: the printout gives the following informations: |
- Listingkof satellite cards.
. Details of sysfem error, for each system
(Fig. 40): |

column 1 : Number of the fix.

} 2 : Heading of the ship at the time of the Fix.
3: On the line corresponding the satellite
E n, gives the change in latitude betueeﬁ
- sat n and Sat n+l.
5 4 : Same for longitude
Y f 5 ? On the line corresponding to Sat. n,

gives the distance between Sat. n and

Sat. n+l..

n:?.' 6 ¢ 0On the line corresponding to Sat. n,
o | | _ :

21 gives the error in Lat of the system
8 betwsen Sat n and Sat. n+l.

g 7 ¢ Same for longitude

o . .

" 8 : On the line corresponding to Sat n,
[ '

- gives the distance between the positions -
g, determined by the system at time of
S Sat n and Sat n+l.

®

>-
‘ (43}
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117} 174 37,67 17,51 -o1n =187 | 1ie7 | 37075 (1.007- | 3,26 |- -1.70 | 3,667 36,70 1 017 a,08 1-1,56) 4,23 | 0,000,000
118{1R0] 11.6F 11.62 06 b -,67 1 .67] 11,%4f .993 1,32 -,75 | 1.5) | 10,207 [88s 21 | -.75| 1,10 |10,79) .929
IBCIREGLE BRI A6 20 Roma 007 | =200 -2 6,2901.015- ) §394 =, 22| L85 2,83 |, 9n¢ .F1 -.22 A5 3.60] .B54
120|180 17,76 18,17 ~.an [ -,82 | L73] 18,361,010 B2 -.69 | 1,08 | 17,08 | 94k 2.61 [-1.06] 2.62 [15.56{ .856 "
121|270 1-19.71 2111 .o0a s | 07217003 fer.03 ) =098 { 2,23 [ 18,0 Jn8es R o2ie2 |-2,767 3,79 0.00[0,000
NAVIGATTON SYSTEM - SANAR NOP. N, OF REJECTED SEGMENTS - - 08~ - - | ) J

MEAN OF ~~ALTRRATION-FACTOR - BLL SEGMENTS 1.0989 -~ =nn- 'REJECTED_SEGMENTS: seqmgm-,\!h.erétpkn =0, ie thers.is.a gap_ in navigation daa

MEAN OF CALIRRATION FACTOS - ACCFPTARLES 1.0239- ACCEPTABLE. u - : segmentwhere Kmin < Ki < K max

. . "~ ALL " :  segments where there is no gap in navigation data-

S.N. OF CALTQRATION FAFTOR - ALL SEGMENTS L0432 » S ; S :

SN OF CALTRRATTON-FACTOR - aCCEWTABLES . 0432

NAVIGATTAN SYSTEM - CHEOMIKEFE NN, OF REJECTED SEGMENTS - a. : CA ‘ _ R .

| | LNAV PRINT-OUT Ne |

C MEAN OF CALTBRATION FACTOR = ALY SFGMENTS. L7R38 9327 ) AT

MEAN OF CALTHRATION FArTOR = ACCFPTARLES L7856 L9377 ’

S.Ne OF CALTARATION FarT0® - ALL SFGMEMTS L0A26 L0259

S.D. OF CALTSRATION FACTOS = ACCFOTAULES. L0416 L0750 -

MAVIGATTON SYSTEW < PRFSS, LGG NN, NF SEJFOTED SFGMFNTS — 78

CMFAN OF CA) TARATINN FARTA? - ALL SEGMENTS LO1AR
" MEAN OF CA| THRATIAM FACTAZ = anaFPTAHLES L6163

S.N. .OF CALTRRATIAON FACTAR = ALL SFGMENTS RS .

S,D. NF CALTRARATINN FAFTAP ~ ACCFPTARLES BN VS K
CALTARATTOM SPITTS -
SnNaR NP, 1Ane -0 - -0 --n

‘CHFEONIKFFF /& 100D - . =0 -0
"PRFSS, LNG 1300 -0 - -2 -n -
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9 : 0On the line‘cdrresponding to Sat.n,
gives the distance travelled by the

system between Sat n and Sat n+l.

10 : Calibration coefficient = 9%91
11 to 15 : Same as 6 to 10 for the Chernikeeff
‘ | Log system.
16 to 20 : Same as 6 to 10 for the Pressure Log

‘System.,

— Mean and standard deviation of calibration

factors for each. system (Fig. 40).

- Rough plot of calibration factors Fdr each

{

system (Fig. 39).

SYSTEM .

)
< s,
J
(]
s, DLONG
S, S. = SATELLITE FIXES

1 72

% CALNA = The printout gives the following information:

- Listing of Satellite cards.

- Detail of system error, for each system

- (this information is the same as the one hrovided in CALNK).

- Mean and standard deviation of calibration

factors for each system for each section determined by a



CALNAV PRINT-OUT N22

g — e — —

FIx FIX =~ TOT FRROP - SYSTFM | - ERPOR =~ SYSTEM 2 - ERROR - DYSTEM 3 ¢ ©onaY ATFFS 'f- FINAL DIFFS

] 2 - 4 5 ' ' - .
NO TIMFE  PTS - LaT LOM 06 E.PT L‘ATB“- vL09N" o'o E.IIID‘ L|A2T . F(’)‘m '% F%? . ?|§1 {7-1 '?-2 "92—3 _201-3 2'1-2&
, 101]1050608 (356 23 f-1.69 b viT0 0 - W33 =347 | 3ser -0 i -2.33 (2,93 |0 02 [rane |73 1.78 | 2448 [1.77 § 585
102 10,1006 [14R 03 | -.37] 37 0 01 |-2.17 |2.16 | 0 §-1.06 |-1.89 {2.16 | o f a4 <13 jaan 111 [1.86 [1.79
103]10.1232[108 J-.21 |=1.76 | 1,75 | 0 05 |-2.13 |2.12 | 0 J3n 1-2.1% [2.15 | n o0 | s24 .09 2% |1.02 | .92
104 |10.1420 | RO - 17 | -.87 L9 0 16 | -1452 [1.52 | 6-@ 063 |-1.55 |1.67 [N L1 W11 N1 @ 47 |1.05 072
ros{1ns1sa0 11> B-.37 [-1.20 | 1.2S5 ] 0 F-.01 [=2.25 |2.26 | 0 Q -.00 [-2.26 [2.25 |0 .22 .29 |,07 02 1412 [1a1Y
106110.1732 212 QF-.11 -.85 | .A5 0 60 [=3.14 134519 |0 1.82 | -3.41 [1,86 6 L2 A .76 §1.25 | 3,20 [2.39
107102106 6B -J02 | g s o K16 | -.17 ) 23 |0 .55 ] -.22 59 o § a7 S1T a0 40| J66 | .38
108 (10.2140 [102 § .39 L A 0 § .68 | -.95 |1.17 0. w82 1 =494 |1.03 |0 .27 .26 NE R 026 (1419 [1.24
109{10.2322 |15 § .34 1.15 | 1,19 0 70 -.3A | .79 0 1,200 =.41 [1,27 0 RS T EEPE L T P e B0 | 1.77 |1.5%
110f11.015+ | A6 .50 w28 | 86| 0. 6 | i-.29 63 |0 W32 | =11} 34 | 6§ LP% TR I P2 .0 W01 YA
111]11.06322 (104 N A X 24 0 -§ 27 | .65 .70 o 24 | -.13 27 | o s0 [.se0 Juan N E T BN s
112411.0506 (214 1.79 | -3¢ | 1,34 | o «BA ol | 87 0o f 2.3 -.33 [234 | 0 Q.8 oS4 |e11 153 {103 ih6
113[11.0840 110 o7 | -a13 | Lerf o W89 07| .89 | o} 1.75 J06 (125 [ 1 R o35 | e booc 035 | W3R ] 420
1af1l.1030 | 78 .25 - 00 <25 0 " .27 06 | .27 0 .30 N6 .31 0 TN B T I RS | 04 .nge .06
115}11.1058 [14R .91 —ee 110 | 0 $S9 | =.3” | .70 0 92 —-.62 [1.M n .42 .52 .20 f o133 LR ] ,39
116[11.134 {194 W91 [~P.15]P.33 | 7 Ce79 [=2.50 [ 2.k] 08 2.57 | -2.66 [3.70 1 S J7A 2P B9 | 1,73 .37
11711 . 16460 (P65 03 [-1.7n | 2000 0 “e?% | =1.93 | 2.06 | 0 90 L =1.85 [2.06 j 3 M uns |10 .72 7 «0R .27
11811.20n46 ] 76 3R | -.n7 .77 0 ST | —u75 | 06 [0 f -7} ~-.75 77 | o . .27 .2 Ta .56 .20
119{11.2702| 27 w05 | =:20] .20 0- W11 -.27 .25 | o .20 | =22 368 .1e S e <17 T .07
120 (11.2230 {150 S | -a77 7R 0 §-.38 | -.30 W4R n 1.07 ] =.83 |1.,1% |0 LuE .22 O R iise 100 W67
121 (12.0100ic0 J-.51 - 17| u=6 | 0 R-.76 | -.ss R7T | 0 F-1.08 [ =221 [2.45 | > E1.52 | vrs Lot R 1.TR 2411 . 20 -

N
o)
n

END OF CALMC - NO OF n 0 2L COKS. =

2t 'Old
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split if it occurs. (Fig. 41).
' - A report organised as follousE (Fig. 42)
Column 1 : Number of the satellite fix.
2A: Tima of the Satellite fix.
3 : 0On the line corresponding to Sat Ny
~ gives the time in minutes between Sat n and Sat n+l.

4 : On the line cofresponding to Sat n,
‘gives the error in latitﬁde af\the system 1 (Sonar Doppler)
between Satn and Sat. n+l. after‘.fhe Caiibration factor K
has been applied. | .

| 5 : Same for longitude.

6 : 0On the line corresponding to Sat n,
gives the distance between the position for the system at
time of Sat n+l and Sat n+l after.the calibration factor K.
has been applied. ~' | |

7 : Number of one minute gap points for-
system 1 betusen Sat n and Sat n+l, written on the line
'corfesponding to Sat n;: | ‘

B to 11 : identical to 4 - 7 but apply to system2:
Chernikeef% Log; , | | |

| 12 to 15.: identical to 4 - 7 and 8 - 11 bu£
apply.té System 3£ Pressure Log.

16 to 18 : On the line corresponding to Sat n
give"'the maximum distanbe betueen“the Finai pdsition given by
‘gach pair of systems between Sat n and Sat n+l.

i9 to 21 : On the line corresponding to Sat n;
give the difference'ﬁetueen the final position given by each-

pair of systems dead reckoned between Sat n and Sat n+l.



" CALNAV PRINTOUT N%3

| 2 . 3 .4 5 6 7T 8 ) o i 12 13 14 5.
FIXy; TIME  FIX LAT. / FIX LONG  DLAT  DLONG - D CAP CURRENT HFADTNGS CUPPENT SPEENS ' NEPTH
101100408 5.72.9221144.61,R49 [ =17,47|-18:59 [ 25542 | 180 # 262,17665|238, & K w3 L6 ] (Tw 1628,69300
102|101006 | S.11.669[1646,.23,761 | =21.01] '4.94 | 21,48 | 14 # 266, (270,299, » BRI I T 1£18.36000
103101232} " 2.50.444)146,28,199 | -15,93| -.00-| 15.85" 21 [ # 280. 269, |262. # .71 a2 1.2 1748,79100
1041101420 4,4 ,514{146,27.,197 ~12.0R ~-.89 12.06 . 2 # 281,264, 248, # B 714 1.3 1783.90700
2051101540 | 6322 & 146 . 273700 =169 T =368~ 16:90 {2 - #-28F4 270 [2F0 #-f# LT N2 128 |- 1812.00000
106101732 | 4. S.640]146.PR62A | =21.09 149 | 30.97 A # 277. (7259, (247, # # 2] 911w 1359,5R500
i07 102104 CR.R4.371 | Y4k PRGINT "?9_.'28‘~' 40 Ss?Ph A #9565, {227. {202, % # ! b .o 2149,11600
108102160 | 3.729.096]166.22,514-| =14.36] 1.11 | 14433 A ® 147.[?35, 1746, # w0 W7 oLen 2162.06300
109102322 ] 3:14.735| 146,729,623 -22.,98 181 | 22.94 7 #1074 207|199, # R P 3 L 1827.18100
110 ]110156 | 2.51.754 (146,301,628 |5 -9.98| -2.25 | 10.18 [+ 2 # 153, |207. {199, # # .6 | Ja] Jow R27.63300
111110322 | .2.61.772{146. 22180 -.04|-14.93%[ 14,94 | 270 # 107. 117, |2n0, * # ot ] W] W2e | 44R”,77000
112110506 | 2.61.7361145,14,249 | 27,64 -4,62 [ 27,89 4 271 # 196, 171 1R, = R = 4] 2| T 740,13600
‘113(110840 | 3, 9.371 (146, 9.629 | 16,68 © -.37 | 16,60 | 181 # 1RA, 176,177, ® # s 5 L7 1704 ,58300
1141111030 3.26,046(|16A, 9,758 4,6k -.06 b4 b4 181 # 180, (168, [149, = EER S A A £ " 2137,07500
115]1110S8 | a.30.506146: 9,196 | 21,02 +=-.91 | 20,96 | 181 # 213, [P13.|205, * 2 6| 03] Lae S 2172499100
116 111326 | .51,.528)146, R,288 | 24,13 -2,60 | 24,15 | 1Rp v 247, (252, |226, '@ O L R 2086,64500
117{111660- | 615,457 )16k 5,090 | R7.67] .33 37.51 | 176 » p6p,|pe9, |64, = - F v 5| 5| 5% 1520 ,80500
118 |112046 | &,53,326]146, 7.015 | 11,66 -.76 | 11,62 | 180 # 249,172233, 2R3, . v At 7] Lew S RT0,32R800
11911122072 | 5. &.922|146, ~,274 a,24 =.22 ] 4,22 | 180 s 265, |242, 217, = N N 16461,70300
120 ]1122230 | 5. 9.219]16k. A#.057 ) 17.24] -¢.00 | 18.17 | 1Rn # 263, 322, {206, % N N 13R4,09300
121120100 | S.2e.aatf148, 052 | <19.71) -7.82 | 21.11 | 270 # 142, |320, 204, = w .3 3| Law 740437200

L
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22 : contains a symbol to indicate when the

Sonar Doppler, as the preferred system, is to be guestioned.

- A report on the current vectors for each
system: (Fig. 43).
Column 1 : Number of the satellite fix.

2 Time of the satellite fix.

3 ¢ Latitude of the satellite fix.
4 : Longitude of the satellite fix.

'5°: On the line corresponding to Sat n,
gives the chéngé‘in'latitude between
Sat n and Sat n+l.

6 : Same for longitude.

7 .On the line co;responding to Sat n,
gives the distancse between Sat n and
aﬁd Saf o+l.

8 : Heading of the ship at the time of the
satellite fix. - |

9 : O0On the line corfesponding to Sat n,



CALNAV PRINT-OUT. N¢ 4

| 2 3 4 S 6 7 8 9
FIX FIX TOT FRROR - SYSTEM 1
NO - [. TIME |PTS LON o e.P VLAT VLON
.1 | 6.1220] 70% .14 .32 0 0.00| 0.00%
2| 6.1330(270% 1.88 ] 3.720 0 -41.61 19.30%
3] 6.1R00]130% - oB4 1 1.,25] 0 100.68 69,.80%"
Y AU REL LA T L10 TTG93T 0 T <8534T 49,172
S | 6,2220| 60% -.25 .54 0 | =7l.44- T.60%
6| 6,2320( 16% f -L0o7] -.03| .08 0 | -82.45] -41.67%
7| 6.2330]|240% 5.5815.,73]218 | -72.63 | -32.88%
‘8 | 7.0330] %0 16,643 14,777 90 115,687 232,574
9 7.0500] S0% =2.29 | 2.29| 15 -25.67 |-1825.2>%
107 7.0580] 50% TSLeST TUBRTT 00 IF198,13 |TS45R, 174
11 | 7.0640( S0*® -.21 .35 0 131.52 | =130.68%
12 | 7.07307230# L3801 J36 0 | =57.76 | =42.74®
13| 7.1120240% “=P.06 | 2.06 0 5.80 16.41%
Y4 | 7.1520|160% .87 W79 0 39.08 | -R6J9G®
15.1 7.1800} R0* .07 Y 0 2.93 54,35%
1671 7.1920(230% " .20 | 2,97 "0 |-106.83 A,Rp%
17 | 7.2210[100* A «R0 0 {~128.R7 C BLA1®
187 R.0ASO| 1104 <60 SAT 07| —66.56 48,438
19 | 8.0740] 9S0* -.22 . .53 © 12.51 S4,6R%
20 | R.0410(|150% ~.19] L34 0 | -54.22 | =24.40% "
21 | R.0K40(|230% -.25 "1.01 96| 0 | -19.55 | =-12.68%
22 | Aa.1030] Ro*® -.1? 132 ] 1,221 0 -10.90 ) 44.00%
2371 R.1150] 2o* «n8 35| <33 0 | -15.01 166,368
24 | R.1210] 90% -6 | .6% .75 o0 39.61 175.52%
25 | a.13a0f210% ] 1.11 | 2.95] 2.94 0 -50.78 12.61%
“26 | a.1T10| BO® 1.00 66 [ 1416 0 S249R | 140.67%
27 | R.1230] 110 _ .97 -e71 | 1417 0 136.21 55,29%
28 |'R.2020]|200% B TS B 2 I e OC D B I 83,69 | -64.91%
29 | A, 23u40]110% 1a6? le7 | 2417 0 165.42 | =11.16%
30 | 9.0130(130% . .16 2111 2.90 0 147.09 133.59%=
3) | 9.0340] 190" “1.14A -.58 ]| 1.28 n o |-166.42 162.36%
327 9.0650]270% -4 N7 ~.14 ] 4.07 0 -61.07{° =3n.63%
33 {9.1120|100" ~.us| =37 .5A 0 |-150.71 -5.16% .
34 | 9.1300]150% 7 -1. -.33) 1.48 0 | ~44.88 =36.54%
35 | 9.1530} So0% -.11 —eh AT n | -96.37| -2P.18%
36 19,162 | ho® T T -i20 .57 0| 0 | -62.02| -126.14%
37 | 9.1720] so= -.1% —.3ﬁ A7 0 -45,94 | =-95,60%
38 |9 1810 R0¥ BRI A B W Y 0 -31.37 =72.40%
‘39 9.1930|210* 1.10] =3.20 3.20 0 ~.24 | -88,043%
Qo9 2001 T T o - o ) 52.60 [ -15274R

FND oF CALNAV A. RFVAMPFO REPORTS ..

PLOT 1S _ON TAPE 9.-

3.26

e '-7 2

-.27
-.05
2.74

~-1.13
eTT
~e26

22
1.77

“e4R
-1.74

LAT -
-.32°

1,25.

OPRe

1 i2 la
: TTERROR "= SYSTEM 2T
LON n E.P VLAT
.95 .91 ] 0,00
4,486 | 5,13 0 -46,34
1,77} 2.02 0| 120,83
RS- 1 o 8 o A Mt R (o 1 o
.04 .28 0 -55.29
.02 .05 07| -45,69
.79 | 5.88 [219 -49,04
216,43 16,771 90 114,05
-2.15 ] 2.24| 15 -25.67
=034 T JR2 | 07 |-225081
.07 027 0 153,24
.72 680 -51.8)
-1.64 | 7.31 0 - 9.56
1.70 | 1.68}| 0 73.80
99 72 . 0 43,10
B4 11,89 0 | =-59.797
oS5 | WST[ 0 | -75.46
"-u55°] 1.10{ 70 26,89
-.07{ 20| 0 29,10
81,060 0 | 20.71
1.29 | 1.20 0 AQ.69
1431 | 1.2 0 =G 63
.37 .34 0 Z22.37
.67 +85 0 25 46
?.67 | 2.59 0 ~£G.57
411,06 0 | 38.39
-1.03: V10 .0 119.94
-.18 | 2.92 0 50,07
1.62 1 2,10 N-] 145,62
S 2,53 | 3,1R 0 133,46
71| 1462 0 144,34
1000 3.9“ : 0 '770R‘
.10 .53 0 [=143:60
~.14 [ 1,76 o -G2 .44
- 4R .52 0 |=117.0%
-.37 .56 0 | -53.72
-.34 .37 0 -74,.,10
-.53 .54 0 -3R.24
| -2.49 | 2.95 0. -26 .5k
. i . R

"VLLON
0.,00%.
135,67%
164,53+

- TT6 L FEE
72.,27%°
CTJHOE T
16.73%
261,269 -,

~1826,20%

C=EAPTEIET
-67.93%
14.77%
.31.24%

—RRJ2TH
106.13%

T Y 3IBRE T
16.40%
G4 A5

- 49,94%

. N
11.6R%
Bh.06%
T 163.52¢%
182, 96¢%
C 74,690
127.32%
55.A1%
-Q3,RA%
-8,83%
146.95%
194,73%
37.58%
37.n0%
Q,98%
-0,.44%
-95,32+#
-Al1.,92% .
-ARLHLH
-ﬁq 6(&

LAT
-+06
4.12
-e6S
‘?fsﬁf
-.21

2073
=23

§-1.02

.78
".21‘
15
1.48
"+88
=51
=215
.09

. «0R8

=TYR. qn B

-|6 .

=031

.85

7 18 .
“ERROR ="'SYSTEM 3
LON n
46 41
" 3,01 ) 4,92
1.07 ] 1.16
- A «B1.
-.07 .22
=01 .04
. 5.81 | 5.89
-16,43 |14.,77
-2.18 | 2.21
T=.38 «85
«04 24
8% .78
~1.10 [ 1.78
1.45 | 1.58
«63 «76
1.49 | 2.54
«RA «79
<771 1,10
.0R 11 |
«50 | .92
1.09 | 1.09.
1.27 | 1.19
.36 ¢33
.92 «89
2.RA | 2.R2
W69 ] 1411
~+86 1 1,09
2.15 | 6.6R
1,24 | 1.45
2.01 | 2.35
-.08 | 2et2
=1.16 }| 5431
76 ] 125
1465 | 177
--Sl 056
-89 | 1.10
=70 76
=1.08 | le14
-4,05 1] 3.88
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10
11
12

13 :

14

43

gives the direction of the average

current vector betuwseen Sat n and Sat

n+l = for Sonar Doppler.

Same for Chernikeeff Log.

Same for Pressure Log.

On the line corresponding to Sat n,

gives the average speed of the average

- current vector in knots betwsen Sat n

and Sat n+l: for Sonar Doppler.

Same for Chernikeeff Log.

.Samé for Pressure Log.

15 : Depth at the time of the Satellite fix.

Note: The current vector data are calculated after calibration

" factors K have been applied.

Column

A
1
2

report providing: (Fig. 44).

Number of the Satellite fix..

Time oﬁ'the sétellite’?ix.

Uﬁ the line corresponding to Sat n,
gives the time in minutes betuween

Sat n and Sat n+1..

On the line corresponding to Sat~n;‘
gives the error in latitude of the
System 1 (Sonar Doppler) between Sat n
and Sat n+l, after calibration factor K
has been applied.

Same for longitude._
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6 : 0On the line'correqundiﬁg to Sat n,
gives the distance between the systém
at time of Sat n and Sat n+l, after
éalibration factor K has been applied.

7 : No. of one minufe gap points between
Sat n and Sat n+l, written on the line
corresponding to Sat n.

8 : "Velocity error vector" for latitude:
on theAlihe cﬁrresponding to Sat n,

VLAT represents:

loax%AT: $rror fqr system between Sn-l,Sn
n- 'n =1
.9 : Same for longitude
10 to 15 : Same as 4 to 9 but for ﬁhe Chernikeeff
Log.
16 to 19 :

Same as 4 to 7 and 10 to 13 but for

the Pressure Log.

The'pqssibility exists to realise a plot of the_qUéntitiqs

VLAT and ULONG on the line printer (fig. 45)

* CALNAV: same priﬁt outs as CALNA, but after corrections
have been applied. . ‘_

ii. Punched cards: either from CALNAV or CALNA.
UUtput cards are punched out in order to draw current vectors
map . Basicalfy, these outputs.consist of satellite fix time
and location; error vectors at each satellite fix before and
after coefficient calibration(s) K applied. ihey are used
as iﬁput to the BMR programme TRAKMAP which p%epares a tape

for dféuing current - vectors map(s) automatically. on a
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flat bed plotter.

iii., Tapes
* Tape 9 (from CALNA or CALNAV) allows for plotting on the

line printer of the velobity,error vectors VLAT and VLONG.

* Tape 30 (from CALNAV): 1l-minute data tape for further

processing.

format of these tapes is given in Appendix 1.

i

"III - 2 - 3. CALNAV assessment.

The aim of this assessment is to eliminate suspect sateilites
and to evaluate the different navigation system.

i,; A first assessment is carriéd out on the satellite
computations printout. (seé Chaptef IV). Each satellite isl
examined in terms- of:

- elevation, symetry of the pass, geometry
of the pass.

- . residuals.

- frequency.

_ Sensibility to a change of .2 knots either
in North speed or East spéed. _

| _ Sensibility to a changs in the height of
the antenna abaove the_geoid;

This assessmeht enables most of the poor satellites

from the input to CALNA to be eliminated.

ii. CALNK assessment: the K factors for the
three systems are investigated to determine if a Changelof
calibration occured; a rough checking of the satellite

fixes is realised at the same time: if a satellitse is
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obviously wrong and if it is not due to a mispunching of the
corresponding Card, it will be eliminated from the input of

CALNA.

Note. when calculating the average calibration factor for
Aeabh'system, the statistical population is assumed to be

such that the effect of the currents average out; yet, it

is felt neceésary to realise.a‘calibration split on the

Sonar Doppler when passing from shallow water to deep uater,

and the reverss.

iii. CALNA assessment. .

1. Current vectors assessment method.
A. If the position giveﬁ by ‘a satellifeifix is perfect except
for inhersnt sysfem errors, and if the only error present
on.the navigation‘data is due to the physical limitations
of the dead reckoning systém(Log + Compass, )then the
difference betuéén the positions givén, at the same time,
by the satellite fix and the dead reckoning system corrésponds
to the value .of the surface current plus a quantity (€) |
dependant on the definition of the two systems and on the
presence of external bafameters (e;g. wind). This applies

both to the Chernikeeff Log and the Pressure Log.

B. ‘For the Sonar Dopplef there a;e'tuo casaes to considef:
- the Sonar Doppier‘tracks on the bottom. If
a discrepancy is.observed bétueen the positions
defined,-at:the same time, by a satellite fix
and the Sonar Doppler, the mosf probable

explanation is that this discrepancy represents
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the sum of the two system errors plus a
possible error due to miscalibration of the
Sonar Doppler.

- the Sonar Doppler tracksAdn tHe water back

| scétter. The discrepancy observed between the
positions defined at the same time by a
zsatellite fix and the Sonar Doppler represénts
the value of the current at the scattering layér

‘'depth plus the errors cited above.

- From the consideration of A, and admitting a small loss in

system acburacy‘uhen~the Sonar Doppler tracks on the water

back scatter, an assessmént of the navigation may be performed‘
based on the analysis of the diécrepancies (or "error vectors")
between the position of a satellite fix and the poéitions

given by the various navigation systems at the same time

ég the sateilite fix. Correlation can be achieved between
Chernikeeff and Pressure Logs.A Internal consistancy is

sought uithin the Sonar Dbppler'readihgs when working in -

deep Qater;

Assessmenf: A. check Fdr consistancy in thé érror.vectors

for each system is carried out on the printouts numbered

2 and;S. fhis "local"'aésessment must be completed by a
ﬁspatialﬁ assessmént madé-uifh the current vector map which
alious a correlation of the curreﬁt vectors from line to

line hance avoiding the'rejecfion”of a satellite which gives

a current not consistant with the others on the same line.
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Assumihg that the parameters introduced in the computation
of the fix (especially the speed of the ship) were perfect,

thé'necessary'conditions to define a satellite fix as suspect

‘are either it gives a current which is uncorrelated locally

and spatially in heading and speed or it is correlated in
heading but not in speed.

The presence of double correlations (heading and speed) is

. the basis of the current vectors méthod of assessment. But
. experience has shown that 'often such correlations were

difficult to locate hence causing indeterminents which this

method was unéﬁle.tb erradicate. . Areas containing these
indeterminents, that is where the pattern of the current
vectors are not consistant, correspond mainly to turns,

lines near islands ahd small time intervals betueen satallite
fixes. THere also exists the'poséibilityAthat,.for some
aréas, the effect of the currents was not totally removed
when computing the aQerage calibration factor (k) for one
system, .thus causing erratic headings for some of the error
vectors (See Fig. A). This problem may also arise when the
quantity (€) described above becomes non negligable (See

Fig. B and C)."Thus, to complement this method of assessment
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it was necessary to find a more sensitive technique.

2. Velocity vectors assessment method (Printout

No. 4. Fig. 44)

This assessment is realised oh the tuwo 60mponents of the

+ current vector (Latitude and Longitude) expressed in terms

of East and North velocities.

Between Sat (n) at time T(n) and Sat (n+l) at time T (n+l),
for each'navigation system, two error components ELAT and
ELONG are déFinad,then the following expressions are |

calculated: (ELAT—eela'i ; ELONG—eelo'i - See page .35)
ELAT , X 104
T(n+1)-T(n)

(1) vLAT

.l

ELONG  x 10%
T(n+1) - T(n)

(2) vLONG

and are plotted at time T(n+l) (see Fig. 45).
Since d LONG is identical to K. EOTVOS, then the smoother

dt , o
the curve%t LONG, the smoother the EOTVOS trace will be.

(Fig. 46)

One condition for the smoothness of the curve %t LONG is
fhe quietness of the tracse joining.the "velocity vector
errors" VLONG at the times of successive satellite fixes.
Althouéh the satellite system is less sénsitive to erraors
in latitude an assessmeﬁt is carried out on the VLAT trace

in parallel with that on the VLONG trace.

" Example of assessment: (Fig. 47 and 48)

In this example,the method is described for the case of VLAT
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LATITUDE - | ' LONGITUDE
BEFORE CORRECTIONS - " | AFTER CORRECTIONS BEFORE CORRECTIONS AFTER CORRECTIONS
—No. of No. of No. of | No. of —
FIXfminutes FIX | minutes , FIX| minutes |- ‘ FIX | minutes
No.|between [ELAT VLAT No. | betuween ELAT. UFAT No. | betusen ELONG {VLONG No. | betueen ELONG VLONG
fixes : fixes ‘ - fixes = , fixes
s | 404 |-2.22| -55 | 5 404 | -2.22|-55 | s 404 .35 |+9 5 404 .35 | +9
6 | 148 [-.10 | -7 6 | 148 | -.10 | -7 6 148 | -.55 |-37 | 6 148 |[-.55 | -37
7| 110 |-.18 | -16 | 7 110 | -.18 |-16 | 7 110 |-.12 |-11 | 7 | 110 |-.12) -11
8 40 }-.20 | -50 . - | 8 40 | .72--[+180
o | 146 |[-.73| -s0 | 9 186 | -.93 |-50 | 9 | 146 |-1.34 |-92 | 9 186 |-.62 | -33
10| 104 f-.92 | -88 | 10| 104 | -.92 |-88 | 10| 104 | .04 |+4 10| 104 .04 | +4
11| 410 .68 | +17 | 11| 410 .68 | +17 | 11| 410 |1.84 |+45 | 11| 410 |1.84 | 445
rNofes.

* 0On the line corresponding to Sat:n, the figures given are calculated between Sat n-1
and Sat n. |

-* If satellite fix 4 is removed, then ELONG(3_5)=ELDNG(3_4)+ ELDNC(4_5)

VLONG (5_gy= ELONG (3-4)+ELONG(4-5) x 10°

(T5 - T3) minutes (Tﬁe same for ELAT)

Fig. 48 Example of correction by the velocity vectors assessment method (Data’
corresponding to Fig. 47)
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iv. CALNAV assessment.
Once tHe poor satellites found by the CALNA assessment
have been eliminated, CALNAV is run..
A plot is made from the CALNAV output which contains:
| - Eotvos correction corresponding to Sonar
Doppler.
- Eotvos correction corresponding to Chernikeeff
Log. |
- Rau gravity.:f _
- gravify corrected from Sonar Doppler EdTVDS

- gravity corrected from Chernikeeff EOTV0OS

This plot is assessed in order to select the navigétion
system(s) which will be used in the next programme.

When a change of system is decided, this change will be

‘made .progressive in order to avoid discontinuities. To

snable this gradual change of system to be achieved, the
time interval for theichénga is "evaluated" from the

"Max Dif" (See Printout No. 2) between the tuo systems.

. III - 3. EOTMAG - GRADED 1I.

Purpose: the purpose of these two programmes is:

- the controlled selection of one navigation

system.

- the correction of the gravity_data from
Eotuos effect either by algebraic summafion'or cross - -
correiatioﬁ | |

;_ the controlled selection of magnetic shore

diurnal data
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- the cofrection of the magnetic data

from diurnal effect (optional).

IITI - 3 - 1. Processing

Alfhough infrinsically one programme, and during productiqn
processed as suéh,'the'routimes required were designed, for
canvenience,: as tuo programmes and théreforé uill be
described here under the;r separate names.
ﬁrior to.fhe rUnhing_oF\theée programmes, tUo'assessménts
are carried-out'and'the.results used to control the .
processiné by parameter cards: _ '

1. the output from SHOMAG (see Chapter IV),
a tape éontaining the magnetic shore diurnals, is assessed
and where any part of this output is to be ignored (parti-

cularly gaps interpolated by Spline method), parameter cards

‘are prepared for EOTMAG.

2. the final assessment from CALNAV determines
which navigation systsm is to be used and the psriod of
time (which may be zéro) during which a'gradual change from
one system to the next is to be implemented{ AR special
case exists when no navigation system is valid, then, all
data other than time is set to 1.0 ElU..*The ﬁarameters-
determined for this'selection'are éupplied to EOTMAG and a
further part of the assessment enables the parameters for
GRADED I to be -selected (Choice of the gravity trace: rau

trace or cross correlated trace, and choice of the cross

correlation paramseters.)
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"i. EOTMAG processing.
* Controlled selection of navigation system: if a gradual

change of system has been decidgd, then, the resultant

navigation system is calculated as a linear proportion of -

the tuwo systems, dependent on time, from 100% of the old
system aﬁd Zero perbent of the new to zero percent of
the old sysfem and 100% of the new. Hence, at any point
AL along the defined time interval, the resultant is
(100-n)% old system plus n%'of the neu. \ |
* The Eotvos cdrréction is combufed.

* Controlled selection of magnetic shore-diurnal data.

* SHip magnetic data are corrected from diurnal effect (opt.)

ii. GRADED I processing.
¥ Controlled selecfion of the gravity data aé a result of
previous éssessmént. The choices are either the raw gravity
or the gravity after the cross correlation performed in
GRANAV.
* The chosen grévity is corrected from Eotvos effect by
algebréié summation (opt. pfoceséing)_ :
*..The_chqseﬁ gravity is corrected from Eofvos effect by cross
correlafion, as described. hereunder:

1. Separation of high Frequency comﬁonentsf
A moving median is First-applied on the two traces Gravity (G)
and‘Eotvgs (E) to extract the low freqﬁency components G, o
and ELF" | |

These low fregquency components are smoothed using a moving

" average; the result, G ¢ smooth and ELF smooth, is

sqbstractéd-?rom original data. (As a result of the 2
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processes Median plus averagq, GHF and EHF are normalised (or
centralised).

2. Cross Correlation. (See Appendix 4).
Cross correlation is perFOrméd with the normalised high
frequency components GHF and EHF’ provided the length of
the data exceeds a nunber of minutes, controlled by a
parametsr card, cufrently set tn 423 (thié number, which
depends upon the_fhree parameters: 'length of the frequency
separation window, length ofzthe correlation window and length
af the.authofised maximum time shift, is in fact a safety
coeFFiciént). If the length of the data is smaller than 42
minutes, then, no cross correlation is performed and the
simple algebraic'sum of gravity and Eotvos corfection is
done; this occurs, . for example, at the start and end of a
gap.
ParticUlar'problem: during a turn, the cross correlation
procesé does not perform, most of the time, acceptably.
Hence, it‘uas necessary to design a épecial routine now
described} when, ann only when cross correlation is performed
a check 1is made.to see if the néssel was changing east
velocity (turn or change of speed when sailing east of west).
This is done by examlnlng the normalised high frequency
components of ‘gravity and Eotvns correction. At each 1-
hinufe value-(f), the normalised high Frequency component
(NHFC) of the Eotvos is examlned within a windou (spec1fled
by parameter card) to Flnd equal values of opposite signs
that exceed a threshold value(specified by parameter card)

and are 3quidiétant in time from the l-minute value(T)



GRADED 1
SPECIAL PROCESSING

FOR GRAVITY+EOTVOS ' CORRECTION
- (DETAIL)

EXAMPLE ON IMAGINARY DATA FOR CLARITY

EOTVOS HIGH FREQUENCY = En

.
y a2 V.a ul ﬁ
. | MINUTE
0 10 ' _ 20
"@WE Gu AFTER CROSS CORRELATION
z
4 £
5
| MINUTE
(o} 10 20
G6'w AFTER TURN CORRECTION
B ]
T
1T 11 i
| _ TI11T11TTI1]
ol MINUTE ]

0 -5 ~ 0 - ' 15 20-

o Vvalues before
o values -offer .
Gy :Migh frequency component of ‘the gravity

SO &

FIG. 49
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currentiy Under‘consideratiOn.v If found, the two values of
the NHFC of gravity at the same fime positions are examined
to check whether they aléo satisfy the same conditions. If"’
all conditions are satisfiéd, a change of east speed is
assumed and the Follouing-processing,is perFormed;

The cross-coprelateq vaiue at the time T ié replaced by the
mean of the values at the time. positions just'outside a time
interval, specified.oq a parameter card, before and after
time T, theh the'remaining data within the time interval
before and after the time T are replaced by linear interpolation
and e*trépolation Frdm the neuw va;ue at time T and’the
value at fhe time + 1 minute 4 Time interval.

Regérdless of uhether or not a change of east
speed was Found; similar processing takes place at the next
l-minute after tims Tvusing the new Crdss-cdrrelated
values. Hence Fop a change of sast speed, the cross
correlated values.ére replaced by a smooth cuse (Fig. 49
and 50):thch may be considered as the envelope of this set

of straight lines.

Finally, to the corrected high frequency of Grévity are

L and EL.

(Note: the parameters currently used for cross correlation

added back the louw frequencies G

and removing of spurious effects during turns are given in

Appendix 4).
*. The data output from GRADED I for input to GRADED II
are examined in exact dne-hour blocks and if, for the whole

hour, there is simultaneously no gravity, magnetism and depth
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PROGRAM ENDTMAG « REORT,

QUTPUT CHANNEL NOS,

INPUT CHANNELS A = 16 & 4 S & 71 A 9 10 1 12
LATITUDF «LONGITUDE > 3 ‘

FOTUAS @ 14

SHORF MAGe SHIP MAG t 13 10

GRAVITY ¢ 6

AFTWEFN 0.0000 AND 0.0000 CHANGE TO SYSTEM NO, ] -

GRADUAL CHANGE OF NAVIGATION SYSTEM
BETWEEN 45.2306 AND 46,0006 CHANGE TO SYSTEM NO, 2"
BEGIN 100 PERCENT NAVIGATION SYSTEM 1 AT 37,1600

GAP FORCED IN Man TN IMTERVAL 35.0]30. 35,0400
GAP FORCFD IN MAG IN INTERVAL 38,0110 3R.0670
GAP FORCFD IN MAG IN INTERVAL 38,0800 38.1100
GAP FORCFD IN MAG TN INTERVAL 38.1200 38,1300 DELETION OF SHORE MAGNETIC DATA _ see report
GAP FORCED IN MAG IN INTERVAL 41.2330 42,1020
GAP FORCFD IN MAG TN INTERVAL 50.2350 51.0010

BETWEEN 46,0742 AND 46,NAL2 CHANGE TO SYSTEM NO. 1
’ BEGIN 100 PERCENT NAVIGATION SYSTEM 2 AT 46,0007

RETWEEN 99,2359 AND' 99,7359 CHANGE TO SYSTEM NO, =0
. ' REGIN 100 PERCENT NAVIGATION SYSTEM 1 AT 4ho0R47

END OF JOR = NO INPUT QLOCK = 288 NO OUTPUT RLOCKS= 388

EOTMAG PRINT-OUT

SURVEY 05

16 914
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the one-hour block is not output. For the biocks ﬁutput,"
the latitude, longitude and‘depth are examined and if of
an axcessively large value they,are’replaced by 1.0 E10.

* Correction of data can be made, using EDIT format data
cards. Only replacing of values are done uithbut any |

interpolation between input values.

AIII - 3 - 2. 0Outputs from EOTMAG and GRADED I.

i. Printouts

- from EOTMAG (fig. 51): times of use of each navigation

‘system and duratioh of overlap; times of deletion. of
channel 2 to 16 (system No. 0). and shore diurnal magnetic

data.

- from GRADED 1 (fig. 52): parameters of gravity processing.

ii. Magnetic tapes

- INTER : Output from EOTMAG. .

- Tape 20 : Output from GRADED I for further processing
- Tape 25 : Output from GRADED I for checking of gravity
~ processing. This tape may be plotted.

Forhat of thesse tapes'is-given in appendix l.

III - 3 - 3. EOTMAG + GRADED I assessment:

Tape 25 is plotted in order to check if Eotvoé correction
has been-correctly dpplied especially at tufns and change
of east Vélocity. If the corrections are not satisfactory,
EDIT correction'cards are made and gravity. is corrécted

through BMR's EDIT programme. -



GRADED PRINT-OUT

SURVEY 05

GRADED JOB WEPORT,
RUN PARAMETERS=-
SKIP 0 AND PROCESS 1000 BLOCKS. '
SHIFTS (MINSs+VE EARLIER)- EOTVOS- 0 GRAVITY CORRECTIONS 2

INPUT CHANNEL NOS - GRAV MAG SH.M DEP EOT -
: 6 10 13 5 14 -

pLOT 0/P OPTION 1 A

TRITON PARAMETERS - HALF WINDOWS - FILT CORR SHFT = GAMMAMAX _ 5 s 3 3.00

TURN FIX PARAMETERS < SEEK H/Ws INTERP H/Ws THRESHOLD ARERE - 5 S 5.0 GRAVITY AND EOTVOS PROCESSING

GRAVITY ZERO  999999.900 DUMMY VALUE AS NO CORRECTION CARD ARE USED

CORRECTIONS 0.0 1028.2 2056.6 3084.5 4112,6 S5160.7  6169.1 7197.8  B8226.7  9255.5 10284.1 11311.7 12337.8
INT. FACTS.  1.0282 1.0282 1.0281 1.0281 1.0281 . 1.0284 1.0287  1.0289 1.0288  1.0286 1.0276 1.0261 =-0.0000
END OF GRAVITY PROCESSING PHASE

INPUT,»OUTPUT BLOCK COUNTS ARE RESPEC, 388 388

START TIMES OF 1ST,LAST OUTPUTBLOCKSARE RESP. 37.1600 '53.1900

25 914
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III - 4. GRADED II, or GRADEUX

| " The purpose of this progfamme is to put the
i data in standard B.M.R format through B.M.R tape 67

! programme.

The inputs of GRADED II are all the tapes of one

survey. 'Théloutput will be'oné~tape'F0r the whole éurvey.

III - 4 - 1 Processing

* Eaéh data repord is put in a-coﬁtinuous'seémént of data
usuélly cové;ing one day recording. By this; it is meéﬁt'
that there is no time gap(s) in the record. Short gaps
. are covered-by setting the data channéls values as 1.0 E10.
But‘should a time gap exceed one hour, a new record is
. created. |
¥ A new éegment is started for each survey dayvnﬁmber.' So
a segment never excéeds one day recofding. But there mayb
be seﬁe#al éegments to a_day if there is méjor breaks in
'surveying. -
*¥ A header sdmmarising the‘status of the inFormation within
the segment is put before sach data block. Output file is
labelled with the name of the arsa surveyed and number of
the survey as follous: | N
GULF. 0? PAPUA AND éISMARK SEA, SURVEY 05
NORTHERN CORAL SEA, SURVEY 10 -
SOUTHERN TASMANIA, SURVEY 11
TASMAN SEA, SURVEY 12
'SOUTHERNACURAL SEA,'SURVEY 13

.CENTRAL CORAL SEA, SURVEY 14



snese LIST OF SEGVEMTS AN TARPF LARELLFN 2GULF OF PABUA AMO »TSMARK SEAs SURVFY e
aGULF OF PADU; AND RISIABK. GEA, SIIRVEY 05 - DAY 58 . - ®

420 STATINNS TN SFOMENT,

eGULF OF PAPIIA AND KRISMARK SEAe SURVEY 05 - DAY S9 o
J440  STATTONS TN SFGMENT

SGULF OF PAPLIA ANN HISMARK SFA. SUPVEY 05 - DAY 60 ) ®
" lesn STATIONS IN SFGMENT'

#GULF OF PAPLIA AND HISMARK SFEA. SURVEY 05 - DAY 61 R ®
: 1440 STATIONS IN SEGMENT ' '

2GULF OF PAPUA -AND RISMARK SEA, SURVEY 05 < DAY &2 “
1440 STATTONS IN SEGMENT N :

8GULF OF PAPIA AND RISMARK SEA, SURVEY 05 - fAY A3 e
170 STATTONS IN SFGMENT '

#GULF NF PAPUA AND HISMARK SEA, SURVEY 0S5 - DAY 64 ) : »
a4 STATIONS TN SFGMENT '

#GULF OF DAPUA AND HISMARK SFA. SURVEY 0% - NAY &S . ‘ ®
: 1440 STATTIONS T SFGMENT '

2GULF OF PAPUA 3NN GISMARK SFA. SURVEY 06 - DAY 66 i e
1460 STATIONS IN SFGMENT ’

aGULF OF PaPtia AMD “ISHMARK SFA. SURYEY 0S5 = DAY A7 *
14646 STATTOMS IN SFOMENT

BGULE OF PaPuUA AND RISMAGK SFA, SURVEY 05 = DAY A8 w
Ja6n  STATTONG . [N SFGRENT ) ’

SGULF OF PACIIA AND, 2]1SMARK SFA. SURVEY 05 = DAY 40 #
1440 STATIOANS [N SFGRMENT

GRADED II PRINT-OUT

SURVEY 05

€S ol
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'EASTERN COAST, SURVEY 15
SOUTHERN COAST, SURVEY 16
WESTERN COAST, SURVEY 17

INDIAN OCEAN, SURVEY 18

SOUTH EASTERN COAST, SURVEY 19.

III - 4 - 2. GRADED II outputs.

i. Printout (Fig. 53) gives:
'[;‘ For‘oneluhdle survey, standard header of
the survéyed érea. ‘ o
- List of segments of the tape with nﬁhber

of stations in segments (one station is an one-minute sample).

ii. Magnetic tape. (Appendix 1)
One minute data tape (for whole survey) for
further processing such as contouring.

This is the final tape of Phase 2.
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IV. OTHER PROCESSINGS.

Qut of the main flow of processing, several other
programmes were desigﬁed:
. to process satéllite data
- to dig;tizefanaldgué data.

- to plot and print magnetic tapes.
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IV. I.. SATELLITE DATA PROCESSING.

Purpose: to recalculate on the CSIRO 3600 all

1

the satellite fixes recorded on board the ship.

First, satellite data magnefic tape received from
the ship is converted to CDC 3600<F0rmat; Then, satellife
fixes afe,rebélculatéd.A(Nofe: for both surveys, the

computations used. the Z'hinute‘bopplers.)

IV. I.I. Processing.
The programme works -in three phases:
* First.phase}. a predicted value of the offset frequency

is introduced in the fix. computation so that the only

unknown quantities are longitude and latitude. " The

prediction_of the offsef frequency is derived from the
preﬁious obée;vationsion the same satellite in tup uéys:

- by meahéndf a hand smoothed curve of the
variétion of the offset Frequehcy kept up td dafe for each
satellite. (Method uséd'ForASurveys.05~and 10 to 16) (Fig. 54)

- by means of a computer smoothed curve‘of

“the variation of the offset frequency (Fig. 55 tp 57),

using the programme SPOOF (See Appendix 6).

If n Dopplers were observed, the fix is calculated

using the n Dopplers and ié-accepted or fejected depending on -

the RMS value of the residuals (differenCBS‘betueen obsarved
Dopplers and.the theoretical ones ¢0rresponding to the

calculated position). If the RMS is lesser than 10, the fix
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PIAT OF Raw ANR SNONTEERN NFFQEY FCENIIFNCTERQ OF

SAaTFI1 ITF FIXFS FOR

U
CRU

VFY IR
ISE [}

+10 HFRTZ TN ONF PRINT PNSITTION,

SCALF IS
SATFILLTYF ND 12 Has
SATFLLITF NO 13 Has
SATELLTITF NO 14 HAS
SATFLLITF ND 1S HAS
SATFLLITF NO 1R WAS
NRIGINT, A
L I L e -

ZJlA T, . ]

2.1 1, .

2.20 1. .

?.77 1. .

300 T, .

A.02 7, .

.04 1. -

.06 1. .

3.0 1. .

.10 T, .

3,12 1. .

E TS T .

KT T I .

3.1R I, .

.70 T .

2T, .

4,00 T. .

4072 T .

4,06 T, .

a.n6 T. .

4o,hA T, .

.10 T, .

4,12 1. .

Gal4 T, .

Gal6 T .

L.18 1, .

4,70 1. .

4,22 1. .

SN0 Te .

S.072 T. .

S.04 1, .

S.06 1. .

S.08 1, .

.10 T .

S.12 1. .

S.14 1, .

S.1h T .

SR 1. .

S.20 1, .

5.22 1. .

f 0N T, .

fa2 1. -

6.04 1, .

06 To .

A.08 1. .

AJ10 T, .

12 1. .

6.14 1, .
TAL6 T, .

AR T, .

APD T .

6?7 1. .

T7.00 1. .

7.02 1. .

T.06 T, .

TeA 1. .

T.0R 1. .

T.10 T, .

712 T, -

T.16 1. .

76 T, .

7.18 1. .

T.20 1, .

T7.22 1. -

Ra00 1. ..

R.N2 T, .

A,06 T, .

A06 T, .

R.0OR 1. .

R0 T, .

A.12 . .

R.la T, .

A1k T. .

AR Y. .

AR.20 1. .

p27 1. .

Q,6n 1, .

9.0? 1. .

Q.06 1. .

Q.nk 1, .

9,na 1, .

9.10 1. .

9.12 1. .

9,14 1., .

9,.1F T, .

9.1° 1. .

9.720 1, .

Q.22 1. .
10.00 1. .
10,02 T. .
10,04 T, .
10,06 T, ..
10.,0R 1. .
10,10 1. -
10.,172° 1. .
10,16 T, .
1r.16 1. .
10,18 [, .
10.20 1, .
10,22 1., .
11.00 T. .
11,02 J. «
11.04 1, .
11.04 1, .

VALUE  32073,.00 AT QRNINATF 10 AND PRI NT
Val UF 31997 .00 AT NRNINATF N AND PLOT
VAL IF 32072.00 AT ORDINATE &0 ANN BLNT
VALUF A2076,00 AT ORNTNATF 7a AND PI0T
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SPOOF PRINT - OUT

. FIG. 56
SURVEY I8 - CRUISE ! .

SATHF | TIE 2y, 12 - L DF FiYES oz 2g CSATF)LITF mMD, 1 - NO OF FIXFS = 27 SATFILTITE AN, 14 - NO NF FIxFC = un
0D HH MM RAW freq.  SMOOTHED 1. WEIGHT .

P74 WRT,TY PRI P2 .27 3,07256 8GN, 77 21892, 72 1,00 P.1RAR 207200 2NT71,.86 1,00
ILANIL IRNTI_ TR 20T, L A,0440  1A9N .73 31690, 74 1.00 2.202& I2072,10 122071.490 &7
A,0500 0 p0Fn PN L3e 1 Lo0n 3.1414  2NNQUN,03 11960 ,.82 1,00 .042R  32071,90 «92 .00
A4 APATILN] 2nT L) 1.00 2,1ANN  11QQ] .01 199n.A3 KT . A.0R812  PN71,99 1.572 1.00
KPS B 2aTl s AN a2 .00 4,050 ]93], NnA 11990, P4 i) . A, 1Tak 220772,07 07 bt
G 0220 PNTILLP AP0TY,48 ot S 4, 1812 11890,AT7  160M.R4 1,00 17,1912 32n71.94 .92 1.en
G.NW0G IPETIRT A20T,465  1.00 4.1700 1990 ,.80 V990,84 1,00 12,2120 1P071.4R La% )60
AL0220 APRTA.SP APATA,A6 0,00 €,0700 11090,84 1]090,R]  1.00 4.0840  PAT2,4?  A2071.92 A 0N
AL,1520 IPRT I AA 0 2073.49 1.00 S.N46KE J)19G0,.81  ?1990.8) 22 4.n720  207P.0) 37n71.91 1.00
A 1703 IPATI LAY IPNTLLQ T.n0 S.1426 11990,79 13]99Nn.7R .00 4,090 A2NTY 47 12D71.9) 8,00
7,004 2071,7) 3I2ATR.E2 (.00 S,1A12 31990N,91 1316en,73 J.0n 4,1R42 32071,97  2071.90  1.09
T.ALMEP APNTALTG A2NTILGD hl A.N6NG AL99N,9R  119G9R, 76 ].00 4,1980 32037,85  3I2071.,90 n.an
T.1612  R2A72.88 0 207,86 1,00 - TAL124n 991,38 11991,764 0,00 . 4.2030  I2071.90  32071.90  1.00
A, API0  IPATRLLT APNTALSH LL00 7.147%  1]1990,.79 1990 ,78  1.00 Q.NR20 32071 .96 22071 ,6n  ],.00
AL84  APNTILTH 0 IPNTILRR .00 R,0220 3199N.79 11990 ,R0 ],00 S.081&  32072,07  A2N71,90  1.00
Q.14 3RPNTALFY WR2NTALAD .27 R,134R 731990,A2 7]99n_,R> 1,00 S,1754  207)1.R6  ?N71.91 .00
#1618 3I2077,75% 32077, F] Whb AL1672  31890,80 16AN.H2  1.00 5,193  2A2071.9R 2071,91. 1.90
R, TOR 22073,1° 32n71.41 b Q,n13%  31690,40  13100n,Rp 37 . G.2128 3IPNT4.19 12AT1.92 0.00
Q,NIR 420746460 A2DTILAD 0,00 Q,.p¥R  3I189N, TR 990,82 .00 A.0F40 2072, 2071.96 22
Q,aP6R  AP07%,.74  2ATA,AT 1,00 9.16466 1199092 I199N,.82 1,00 . £.0722 I2AT]LRR 32071.94  ]1.00
Q,n6&0 P07 4K IPNTIAT T.00 . Q.18 1199]1,.7R” 13109n,R? 22 £,.0014 207].54 2071.95 .22
Q,1422 WATISG APNT, A4 100 . 1n,022R  31990,78 31990 k2 1,00 6.184A  APNT2,0T  2071.99 ) .n0
Q1A10  2ATA .47 A2NTALAL ), 00 o 1N,04}R  2]G8A 84 118NN, A2 1,00 AL2N6 32A72,001 12A71,99 1,00
10,0206 2073,7R 2077, A6 1.an 10,1384 131990,74 11909 .9) 1.080 7.0/ W2072.03 32072,07 1,00
10,0780 WPOT2,TA A2DTALRL )00 10,1544 31990 ,84 319an,R) 4 . 7,0R20  120772,05 22072.04 1,00
10,1370 22A72,40  I2AT3.A5 T 1,00 11.0140  1199n,43 1199n.A0 PRk T7.175A  32072.12  32072.08 ] ,.n"
VALIS)4 IPATIAAR APDTILES (.00 11,0378 31090,09  11BAN.AR 1,00 7.1862 22072.0)1  312072,08 1).00
11,9112 12A74,3¢  20877,65  p,na A NGL2  2RT2.21 32072.11 b4
1107286 2073 .60 2073, A8 .00 . A,NT72¢ A2072,17 2072.12 .00

A,1RG2  PN72,12 N72.13 1,00
R, 2040 PNT2 .26 207204 .37
Q,.0A36  32072.06 2072.14 ) .00
9.0824 20T2,10 IPA7T.14 .00
Q.1A07 32071.8a  122572.13  1.01
G,194R 12RT2,14 13P2A72,12 1.00

In.AS64  3P0T2,10  32072,10 1.00

10,0730 32072,17  2072.10  1.00

10,1710 32071.R3 I2NTP.0A 31

10.1900 WOT? 1A 22072.07 1.0

11.06%A 32072.66 22072 ,046 .72

CRUISE

QATFLLITF NN, 16 = Nt OF ETXFE = >a SATFILITF M0, R = NP OF FIXFS = I3
2,197 2NIALLL 204,31} 2.2124  32075.47  32089,74  0.00
U, 0ACH  A20IR K2 I2n36,66 LN ?2.2310 32069,96 120K0,77 ]1.00
A, NR4L  IPNVASR A2NA, 4T |00 2,102 3120AQ,97  3A20e4,9] 1,00
A, 1462 208,20 1.00 . 2,121R  2NA7,9R 12049,G7% 0,00
A.P076 PNIRLT] DPRTELEE )00 A,2222 A2070,17  12070.00 46
GoBelP AP03.AS  AP0IA,50 1,60 «.0N10  3I20T7A.O0 32070,01  1.40
4.07ER 33016,97  APNIL,50 17 4,0Q42 22070,00  A2070.03 1,70
G.06710 7 APOARLE0 AP0R 42 1,00 4.112R  12070.0A APNTN.03  ],.0D N
G,NARA  APARK,TS  A203&,A2 1,00 4,212 32069.96 32070,07  1.00
5,.1002  1207A A0 20734 AP YA . 6,220 32069,93 32270,03 }.00
6.P066h PNTA,TP 3208 ,AP 1,00 : S.1040 2070,16  32070,02  1.00
ALORP2 IP0IRLER I2NTE AT 100 c,2220  32070,14 2070 ,.0% 1,00
£,080R 203K, A6 I2NALAT ] N0 . A,NDIR 2070,10 32070,031 | ,.00
AT APRAT.IP APNAALRG 0,00, £.0062  2070,0R  I2NT0.04 1,00
£.10E6  A20A6.80  IPNIA, AL 1,0 . A 116N A20R9,95 32070 .05 1,00
7.0720 203,70 206, 1.00 . . 4,213 12NA9,09  32070.07 1.00
7.1008  2ATA AT 1206 FR ) N0 . £,2720  32070,20 2h70,07 .00
PGS PREE FUR U VAR P S LV 1 By 7.n004  3207A,N0  A2070.10  1.00
AL0APN I20AA,TL APAIRI 0N 7,100 32070,19  32070,10 1,00
AIAPH  AP0AK.Te  12078,73 .00 7.2062 A20A9,98 32N70,173  1.00
ALp0NK  APNARLAG IPATALTI 100 . 7.2236  22070.11 3207014 1,00
Q0846 WPOTE R4 APARKLTA 100 AL 1000 32070,27 2074,17 1,00
Q.ATIZ APNARRY IPNAL TR | N0 . R,1182 32071.00 2070,.18 0,00
Q,17% 1203404 IPNIA,TR .00 A,2180  32070,3F  3I2N70,20  1.00
0,1020 P017,0R 1203k, 79 27 R,2IIR 32070.40  2070,21  0.00
10,0647 20K, TA 204,82 | ,00 9,0914 2070,18  3I2HT7N,.23 1.00
10,1828 203R, 7% I2NRK,RE ] N0 Q110N 3206%,9  12070,.23 k!
11,0886 3203647 32074, 1A 1,00 Q,208KR  2070,29  3207N,25 1,00

. Q,P2244  32070,51  2070,26 33
10,0824  1206AQ,62 3I2070.2R 0.00
10,1000 32070.27  3I2R70,2R © | N0
10,2030 2?2070,% 2207A,29  j,.00
10,2188 20A70,23  32070,30  }.00



PRINTOUT OF PUNCHED
SMOOTHED 1. RAW frequency
32073.72 - 32073.77
32071,89 370772.00
32034,71 A2036,6)
32071.90 azn72.10
A20~Q, 74 3PNT5.47
A2069,77 32069.94
3jeon,7? 31990,77
32073,36 32073.76
1960, 76 31990,.71
32073.35 32073,20
32071.9? 32071.99
32036,65 3I2036.52
32071,92 32071499
32036,47 32016,5R
320K9,91 32069,97
37069,93 320A7.9R
31990 ,R? 31990.93
32073,41 32073.31
31990 A3 31991.01
32073.62 32073.54
32071.,92 37072.07
32036,54 32036.20
32071.92 32071496
A203A.55 32036.71
32071,92 A2071.4R
22070,00 32070.17
22070,01 32070,00
372073.45 32073.92
3199n,86 31991.06
A2073.65 32073.53
32071.92 32072.42
32036.50 37016,65
32071.91 32072.01
32036.59 3201682
32071.91 372071.67
32070,03 32070.09
32070.03 32070.0A
31990,R4 319Q0.67
31900 ,84 - 31990.A0
A2071.90 32071.R7
372071.90 a2017.05
32071.90 3A2071.90
32070,03 320A9,96
32070,03 32069,93
31990 ,8) 11999, 84
31060 ,R1 31990.51
22071,90 32071.96
32036.62 22036.50
32071,90 a2072.07
203667 32076,75
372070.02 32070.16
21990 ,78 31990,79
31990, 74 31990.91
372071.91 A72071.R%
320%6,A2 32016.A80
32071.9) 32071.99
A2N3RL 62 12076, 72
a2071.92 a2074.19
a2070.03 32070.14
32070,03 32070.10
32073,66 32074.52
31090,76 3199N,.9R
32071,.96 32072.34
32036.63 372036.6R
a?n7).9 32071.R8
32036.43 3207666
326071,9% 32071.64
7070.06 32070.0R
A2070,05 320K9,05
31990.76 31991.38
320713,49 32073.46
32073.49 32073.53
32036,64 a2037.12
32071,99 32072.07
IP036 A4 22016.59
12071.99 32072.01
32070.07 320A9.99
22070,07 32070.20
37073.52 32073.71
32073.52 32073.74
32072,03 32072.03
372036.66 32036.70
32072.04 32072,0%
22070.10 32070.09
32070.10 32070.10
31990,79 31090.70
37073.55 32073.5R
a2072.08 32072.12
A2036.68 32016.67
32072.08 32072,.01
£32070,13 A2069.98
32070, 14 32070431
32073.5# 32073.47
21990, R0 3199n.79
32073.58 32073.70
2072411 32072.21
372036.,70 32036,37
32072,12 32072.17
A2036,71 2076, 71
32070.17 A2070.27
3207018 32071,00
37073.60 32073.79
31990,.R2 31990 ,R?
32n73.61 . 3P073,7%
319960,R2 31990,80
a2n73,.61 32073.3R
37036.73 32016,74
A2072.12 12072.12
32036.,73 3203k, 64
AP072.14 32072.2%
a2070.20 A2070.3
32070.21 32070 .60
a2073.k2 32074 ,48
a199n 82 31990, 40
A2n73.63 32073.76
31e9an R 119Qn0,7R
32073,63 32073.64
3203A.76 REL S LT
32n72.16 32072.06
32036,76 32016,82
A2072,14 3207210
32070,22 32070,19
72070,23.  320A9,.P4
IPNTI.LAG 372071.5¢6

CAE

WEI!

o
SO

H'

NAD WS D059 233233Pr>550835- 8

3 r 353353355572 0003ADO3A2AONLDIDONNIDIIIDIIIIIIIZIIDIANAISISIO022 055 NOD3 N2 0220090 DIDDO2TOINIDIDHIVDIIIOPFPIIOIIDINDISD

[al ur .
At AL

17

4

IER
28,
a1,
28,
27,
3.
0.
4a,
2,
19,
21.
2%,
41,
2.
ax,

7.
14,
1R.
62.
47,

A,
21.
as,
40.

A,
A0,
10,
14,
74,
61,

€.

Q.
75,
0,
10,
ELR
213.
56,
16.
3.
A,
25.
an.
28,
s,
19,
27.
at.
a1,
23,
6.
20.
42,
1.
n.
71.
?7.

5.
74,

o,
1he
4R,

Q.
15.
Ay,
sS4,

5.
&n.
14,

6.
T4,
0.
1?2,

.50,
6A,
14,
L.
1R,
S6.

14. .

ar.
£3,
21.
21.
a7.
2.

3.

17.
S0.
LA,
1A,
Sh.
17.
2S.
L7,
13.
73,
A,
a5,
a2,

9.

Se
11.
al,.
kA,

9.
18,
XS
46,
12,
&7,
12.

S..

12,
R2,
&3,

7.
1.
AR
LN
10,
4s,
17.
27,

14
15
14
18
1R

0D HHMM SurveyN® Asmoothed-row

21714
2, 1H3R
21638
2,202k
2,718
2.7310
R,0254
2.0314
A.n460
32,0500
1,062R
1,058
A,0A)2
3I.0R64
2.10232
3.121R
114146
A.143?
1AM
3.1617°
11748
3,1R5?
.1632
3.72036
2.2120
1.2727
4,0010
4,0220
4,0350
b4.0604
64,0540
440612
4.n0720
4,0n758
4,0010
4.0942
4,112R
6.,1512
64,1700
4,1R842
44,1950
4,200
4,.2137
4,2320
€.0300
S.064R
5.0630

S.0710

G.NALE
S, 0RSA
S.1040
S.1426
S.1A12
S.1754
5.1902
®,193R8

S.2066°

S.27128
R.2230
ALOOLR
A0220
LY
0540
6£.0622
o722
A.0808
6.0914
£.0952
1140
Ae1360
A.1520,
fa170R
Aa1R12
6.1R46
£.195¢
62036
A.2138
£.2330
7.0304
T.0452
T7.0634
7.0720
7.0R20
7.0904
7.1080
T.]1636
7.1617
7.1756
7.190R
7.1947
742052
T.7223A
a.0210
a.0220
A.N354
a,ns4?
a,0637
f.0726
2,0R20
2,000
a,1152
A.,1334
R348
f.161P
2,1532
A,1708
/,1R820
R,1852
A,2004
A,2060
a,7150
A,?2338
Q.011R
Q.17
9.0258
a,nap
O, Nasn
a,n8ak
qG.NR3a
a.,n73?
Q_NAPL
9.0914
2.,1100
90,1427

R
K
(]
1R
1R
18
18

]
e 0 s e e
NOVVNVD W=

..
-

k3

—~V S-S D == DD0DDIND =PV~ —=N

© s 8 6 o m e s s e s s s e s s s

n
1
R
a
n
1
n
»
[
L]
1
)
1
5
o
?
1
0
>
1
1
'
n
¥

F O T I N P S R

21990,82
32073,66
31900,82
32036.7R
32072.13

T 32026.79

32072.12
32070.25
32070,26
32073.66
31990,82
32073.64
31990.82
32072.10
32036.82
87072.10
32070.2R
32070.28
32073.65
31990.81
32073.65
31990.81

'32072.08

32036.85
a7072.07
32070.29
32070,30
32073,65
31990.80
32073.65

‘31990,R0

32072.04
32036.8R

SPOOF PRINT-OUT

SURVEY 18 _

31990.92
32073447
31991.28
32036.84
32071.98
32037.08
32072.14
37070.79
32070.51
32073.78
31990.78
32073.76
31990.84
32072.19
32036.74
3207217
32069.52
12070.27
32073.64
31990.74
32073,6P
31990.54
32071.83
32096.75
32072.1¢
32070.3)
32070.23
32074.30
31900.43
3207368
31990.99
3207266
32016.67

B NOSITODIIODIRNIDIDOVUDIDDOIDIRAIONIINGD

CRUISE |

70,
20,
10.

Te
.
A4,
24,
7.
23,
a3,
9,
22
10,
°9.
6h,
8.
21,
3k,
15.
3.
S0,
23.
14,
49,
GS.
15.
S1.
10.
24,

2.

an.
9.
23.

CONTINUATION

Q.1448
Q. 1AIC
Q.1K138
Q,1734
Q.1802
Q,19270
Q.194R
Q,205R
Q,2244
10,0204
10,0228
10,0350
10,0418
10,0568
YN, 0AL2
10,0730
10 .NRP4
101010
10,1330
10,1356
10,1514
10,1564
10,0710
10.1R2H

10,1906 .

1n,.2n1n

10,2158

.02
11.01460
11.0254
11.0237%
11,0456
11.085

FIG. 57

S s N—=nv -

DU D D=

PR ]

N R Vo



61

is accepted; if greater than 10 a new iteration occurs,

considering all the possible fixes using (n-1) Dopplers.

If none of these fixes lead to residuals of less.
than 10 (RMS), a nsu iteration occurs resulting in all the

solutions using (n-2) Dopplers.....

If at a given iteration using (n-p) Dopplers

one or several configurations lead to residuals of less than

10 (RMS), the configuration leading to the smaller RMS is

retained uhen-4 or more Dopplers are retained. If only thres
Dopplers are retalned (4 such conflguratlons) and 1f several
of these 4 conflguratlons (each using three Doppler counts)

lead to r931duals of less than 10 (RMS), all these conflgur-

ations are retalned.

This phase proves very effective in pointing out

ebnermal Dopplers and rejecting them.-‘Theiihtroductien of

the predicted value of the offset Frequency forces the solution
of the fix towards the true yalues. Experlence shouws that,
if the offset Frequency is left as an unknoun.in this First
phase,.the'computetion may converge towards a eolutionileeding

to smallfresiduels, but completely errone ous both for

position and offset frequency.

* Second phase - In the second phase, three unknowns are

considered: longitude,-latitude and offset frequency.. The

processing starts with the Doppler counts retained at the
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end of phase 1 and the fix is éccepted'or réjected abcording
to the agreement of the calculated value of the offset

frequency uitp the predicted one. The fix is not accepted

- if the offset frequency differs by more than 0.2 cps from

the predidted.value, and a new iteration occurs considering
all the solutions obtained by dsleting one more Doppler

count. As in the previous phase, if one or more configur-

-ations in the same iteration lead to acceptable fixes

(offset\frequéncy differing by less than 0.20 cps from the
predicted dne) the configuration leading to the smailest
difference is retalned only if more than 3 Dopplers are
used. If the iteration con51ders 3 Doppler conflguratlons
and‘if severgl conflguratlons‘satlsfy the.crlterlon, these,
configurationsiarerept and the Fix is calculated as the

average of the fixes retained.

Experience shows that deviations of 0.5 cps 6r
more lead to erroneous fixes and that good fixes correspond
to dev1at10ns of less than 0.2 Cps. Uhen the deviation
exceeds 0.5 cps, the fix is rejected and an error message

"offset Frequency out of rangs" is’ p01nted out.

% Third phase - No further Doppler editing is done in this

phase which works on the last cohfigurationv(or con?igurations)

accepted at the end of phase tuo.

a - The programme calculates the displacements

of the fix in longitude and latitude (metres) for a variation

of .2 knot of the East velocity of the ship, then for a
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CFIXED -DATA
7971520.0°
3722258,0
571021,C

19680.,0 .

5919.0 ’
745449,¢
956236,
=518,0
13369, 0
443055,4
999911.v

DOPPLER AN REFRACTIUY

3023445.0 © 1992,0
3137640,0 .  1999,0
33493%643,0- 1 2015,0
3687254,0 .. 2013,9
4081000,0 - 2004,0
4391374, 0 1999,0
4575982,9 2019,0

0.0 0,0

VARIAELE DATA

75,0 269,9 -2,0
89,0 259,0 -3,5
102,0 242,0 . =5,0.
114,37 .249,0 - =85
122,0 191,92 - ~8,0
128,90 . 160,0 . =941
131,90 128,0 ~10,
130.0 . 96,0 =1046
127,97 66,9 ~11,0
119,39 40,2 . -44,0

119'0 4D.C i ¢44'0

LOCKeCN TIME=1916Z
ESTIMATED LaTITUDE=  =33,000 DEGREES
-~ ESTIMATED LCMGITUED= 156,000 DEGREES
COURSEs 279,000 DEGREES . )
SPEEU= 8,400 KNOT3 ’ '
ANTENNA HEIGHT= 160,000 FEET
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FIX CALCJULATEL AT FIIAT NO K

Lki, ~0is  DECITALES
22,505433 156,2:739¢t
FREGUEHCE SANTREZE  32054,14
INPUT. FREQUENCY
COMPT,  RESILUS FLE
RESIDUALS
1 .
2 “5,01472 9,4 &
3 7.,71155 16,9 4
4 -3,14150 248,10 A
5 -1,83398 26,9 &
6 2,27899 23,0 A
7
8

ANTENNA HEIGHT INCREASED BY 1
DEG, “In DECI'ALES
32,500428 156,25755¢k
FREGUENCE ENTRER 32054,19
COMPT, RESILUS fLE
1 .
2 -4,89a5] 9,4 A
3 7,583831 16,9 A
4 -3,17737 24,5 A
5 -1,67944 26,9 A
6 7,17236 23,9 A
7
8

NEG 1M SEC REC

FREUUFNCE CaLfulEF. 22053,93
CALCULATED FREQUENCY

v, AZIM,
16,9 319,9 A 307.1
24,9 307.1 A 287,4
26,9 PE7.4 A 260.7
23,90 267%.7 A 235.1
15,7 235.1 A 217.0

" VALEUR TYPE
VALEUR REELLE
(REAL)

00 FEET,

NEG “IN SEC DEC

FREOQUENCE CALCULEE 32053,93
v, AZIM,
16,9 319.9 A 307.1
24,0 207.1 A 287.4
26,9 287.4 A 260.7
23,4 260.7 A 235.1
15,7 285,1 A 217.5

VL FUR TYPE
YALFUR SHELLE

LDEG,

BECLHAUX
-32.83405 156-34565
‘N
W
S
8 £
=29 b
123 N
1N
E
ECARTS VIT, NORD ECARTS VIT, EST
(+0,2 NOEUD) (+0,2 NOEUD)
DELT, FRER, LONG LAT LONG LAT
0,20 90 30 30 20
-0,17 81 23 29 28
"DEG, DECIMAUX
-32,83404 156 ,34592
ECARTS VIT, NORD ECARTS VIT, EST
(+C,2 NOEUD) (+0.2 NOEUD)
BELT, FFEOQ, LLONG LAT LONG LAT L
c.20 . 90 30 30 20 )
-C.17 -81 23 29 28 o
O



ANTENMA HELGAT PNCREASED #Y 200 FenT,

DEG, “IN DECIGALES , DEG 10 SEC DEC ’ DEG, DECIMAUX
22,50741% 156,245771k _ . =32,83402 156,34618
FREQUEYCE ENTKEE 3205¢,1% FREQUISNGE CALCULEE  32052,94
CCMPT,  RESI4US LLEV, ATIM,
1
2 -4,78242 2,4 16,9 L3199 4 307.1
3 7,45534 16,9 4 24,0 07,1 A 287.4
4 -3,21811 26,0 4 26,9 287.4 A 260.7
5 -1,52503 76,9 A 23,0 . 266.7 A 235.1
6 2.06575 23,3 A 15,7 235,31 A 217.2
7
8 _ .
ECARTS VIT,.NORD - ECARTS VIT, EST
C (0,2 NOEUD) (+0,2 NOEUD)
~ TELT. FREQ, 1LONG LAT ’ LONG LAT
VALIFUR TYPE 0,20 90 30 30 29

VALFUR REELLFE -0,16 ‘w81 23 - 29 28

09 914
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variation of .2 knot of the North velocity.

Statistics on more than one thousand fixes at a
fixed site show that generally satisfactory fixes lead to

the following figures (metres RMS):

.2 knots North velocity, deviation East 90, deviation North 30

.2 knots East velocity, deviation East 30, deviation North 30

The fix is rejected and thes error signal sensitivity

~ out of range is printed out if the actual deviations.exceed

175, 75; 75 and 75 metres respectively.

b - The programme calculates the displacement of
the fix for variations in.the antenna height above the geoid

of 100 feet and 200 feet.:

* Particulapé of the programmé_The programme introduces a
correction for the tfopospheric'refraction improving the

accuracy of fixés by someHZS%'and allowing fér the use of -
low culminafidn angles. In actual Fact,.fixes Culmihatihg
at 10 degrees ére more acdurate-fhan fixes culminating at

65 degfees.

IV = I - 2. Qutputs.
" i. Printout (fig. 58 ta 60)
The print out shows the configuration which has
been retained, gives the residuals,'the elevation angle at

the beginning and at the end of each count as well as the
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azimuth, the deviation of the calculated offset frequency
with respect ééﬁthé}prédéctedthe, and the sensitivities
in longitude an&iiaéitudéﬁfofia'Qariation of .2 knot of
the Nofth ﬁompdnent of velocity and then for the East
component.

The location is given at the 10 minute timevclosesf_

to the centre of the Doppler count periods.

ii. Punched cards.
Time of satellite fixes, latitude and longitude are punched
out in order to be used in the calculation of navigation

(programme CALNAV).

IV - I - 3., Assessment

The printvqut,allous for a discﬁssion of the validfty of the
fix. The parametefs analysed are: | |
- the symetry of the pass,
- the value of the fesiduals,,4
- the delta in Frequéncy,

- the sensitivity in 1ongitude and latitude

for a variation of .2 knot -of the North speed, then of the

East.spéed.

- the magnitude of the variation of the

parameters when antenna height is incréased by 100 feet,

then by 200 feset.

This assessment allous for the elimination of "poor"
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satellites.
Note: The accuracy of the parameters introduced (heading
and speed of the ship, frequency) is of vital importance

for the subsequent quality of the fix.

IV'- 2. DATA DIGITISATION

IV - 2 - 1 Shore station digitisation.

‘Thé creation of the final digitisation tape is made in

several steps}

- Analogue records f;om the shore sﬁations are digitised
with values being taken every ten minutes (Data card format
Fig. 61) and no hand-smoothing applied except for thé-noisy
data of survey 13. | |

- A pneliminary run. of theAbrogramme SHOMAG fits a spline
function through the cémplate set of data and thus obtains‘
interpolated.values at the onéfminute points both between
the ten-minute samples>and dufihg'any-gaps.

- This preliminary run of SHOMAG also compute'mean and
gtandard deviétidn of magnetic gquietest daYs vélues.»

These values are taken from publications of Internétional',
Sefvica-df Geomagnetic’indiées (Kon. Néderl.’Meteor0l. inéf,
DEBILD - The Netherlands). >Mean used for each shoré station
is given if figure 62.

- A Final run of the programme SHONAG éreatés the tape
requifed by the progrémme EOTMAG. _Thp data'oh this tape

,iS equalito the valus of the magnetic field at the shoré

station ‘minus tHe mean of the quietest days. Then, an
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assessment is performed by using the programme VARPLOT
(Job SHUbLUT, fig. 63) to provide a plof at a very small
scale (2/10"=1H).If any corrections are required the data
: cafds are changed and the processing, commencing with the

final run of SHOMAG, is repeated.

IV - 2 - 2. Qther Digitisations

As réquired,the Depth, Gfavity and Magnetic analogue
records uwere digifised utilising the follouing equipment -

- B.M.R. strip chart digitiser

- Lands Research Department of C.S5.I.R.0

"strip chart digitiser
- tbigitising téble'ét C.5.I.R.0. Computing
Department. |

The creation of the Final d;gitisation tape which will
subseduently-be éortéd and input to the programme MISDAT
was made in sevefal steps. |
- First the anaiqgue records muét be prepared and the details
of‘tae vertical and horizontal scaleé“put onto punched cards.
- A punched tape is broduced, by the digitisétion of the
records;.uhiéh pdntéins ohly the geometrical values "
(abscissae and ordinatés) not the geophysical values.’ The
tape hay, optionally, be printedﬂ
- The data‘dﬁ the punched tape is then transferred to the
document region of the C.S.I.R.0O. 3600 computer and edited
as neceséary.utilising the‘C.S.I.R.O.‘programhes TED and
FRED, which accept edit command from scopes.

- The programme PATRIC now combines the punched cards of
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scales with the data and, using either a spline or linear
interpolation technique, the one minute values are'computed;
The output Froﬁ the programme is a printer listing with a
plot on the line printer of.selected_parts of the data
and aAtape file of the complete data.

- Assessment of this data from the line printer output
enables the production of any‘correction cards required.
Thesé cards are converted to,the appropriate file format
by the programme~CbMIT then both files are sorted and
merged. _ ‘ |

- Thse sorted\File may either be fed direcfly to the
programme MISDAT or if further assessment is required the
programme DEPLUT is Qsed to produce a printout of thé
values at ten minute intervals and, optionally, a file
suitable for the programme VARPLDT to prov1de a plot.

Any Further correction cards necessary may be merged u1th

the sorted file as were the original correction cards.

IV - 3. PLOT PROGRAMMES

Several plot programmes have been made available by the B.M.R
to provide continudus chart plots for data assessment but

tﬁe tuo most used were TWOPLOT and VARPLOT.

The programmevTUUPLOT is an extended version 6FUVAﬁPL0T

and provides plots from two input tapes for comparison

purposes (usually the PRP tape and the CLEANUb tape as

described in paragraph II.4)
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The programme VARbLUT is used to plot

*

*

*

*

*

*

*

*

C¥

PRP output

'MISDAT - MINIPLOT ouput

GRANAV ouput

"SHOMAG ouput

Special Gravity tapes from GRANAV and GRADED.

"~ The options available in VARPLOT and TwO PLOT include

plot scales

ability to plot values unaltered

ability to plot the differences betueen

consecutive values

ability to plot the incremented Qalues.

A further plot facility is the drawing of current vector

mapé by the B.M.R from the CALNAU'outputs for each main

area of the Survey.

Finally, to get a:quick check of data, a'plot can be

produced directly on the line printer together with the

printout of actual values by'means~pf_the programme PLOP.

IV - 4. LISTING - PROGRAMMES.

'Several programmes have been designed for a quick - look

* LISTCHANNEL:

" at selected data to enable rough checking etc.

will provide a listing of any one channel

of data at a selected interval and with the decimal point

positioned as required. This programme will only accept

phase I and II Fopmatvtapeé, except GRADED'II output.

¥ PNCATCH uillﬁprovide a listing that complements LISTCHANNEL

by snabling up to ten channels to bs printed simultaneously

T
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but restricts the iﬁferval Fdr the'séleﬁtion of the data.

* PNFIELD: will list the fiseld tapes for surveys 17,18

and 19 as progduced by the-B.N.R. programme JOY.

* SEGLIST (a B.M.R programme) is provided to list thelphase
I1I tapes and GRADED II output. ’
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APPENDIX No. 1

CHANNELS ON OUTPUT TAPES

l. Ffield tape,'and all output tapes of Phase I.

Channel '1 Time

Channel :2 Gravity

Channel 3 ' Cross coupling

Channel 4 Total correction

Channel 5 Spring tension .
Channel 6 . Magnetic

Channel 7 Sonaf Doppler North/South .

Channel 8 Sonar Doppler East /Uest

Channel 9 | | Chernikesff -Log |

Channel 10 - Pressure Log

Channel lli . Heading

Channel- 12 7 Depth _

Channel 13 o Anemoheter (Ffont)'

Channel 14 - | Anemometer (lateral)

Channel 15 - | ' Sine of the heading ' from the potentiomete:
Channei 16 | Coéine of fhé heading ' Sin. Cos. |

Channels 17 to 24 VLF Phases

Channels 25 to 30 . VLF amplitudes

Channels 31 and 32  nil

. % 0On certain tapes’bdth channels. 13 and. 14 are replaced by -

both 15 and 16.

% Channels 31 and 32 are used to save data (in PREVEW) if

required.



Special output from MISDAT : MINIPLOT

Channel

Channel

Channel
Channel
Channel
Channel
Channel
Channel

Channel

Channsl

Channel

Channel

Channsel

" Channel

1

2
3

10

11
12

13 .

14

- Time

Gravity

Cross - coupling
Total Correction
Spring tension
Magnetic

Depth

_Sum over 1 - minute Sonar Doppler

N/S differencss

Sum over 1 - minute Sonar Doppler

E/W differences

Sum over 1 - minute of product'ofi
Chernikeeff Log differences and cosine
of course

asAlO}buf sine of course

.Sum of the product of 6 times the mean

vaiue of the pressure log difference

for the 10 - minute block and the

cosine of the course during the

one minute
as 12 but sine of course

Zero



- . P - R
. . .

2. Output from GRANAV.

* Tape 20
Channel 1
Channel 2
Channel 3
Channel 4
Channel 5
Channel 6
Channel 7
Channel 8
Channel '9
Channel 10
Channel 11
Channel 12
" Channel 13
Channel 14
' ' Channel 15
" Channel 16;

Time
Gravity
Cross - Coupling

Total Correction

" §pring tension

Magnetic

Sonar Doppler North/South

' Sonar Doppler East /West
 ChernikeefF Log

. Pressure’ Log

Heading

Depth

G after cross - co;relation.

Magnetic without median Fiitering.‘

sine of heading from the potentiometer

cosine of headihg Sin. Cos.

If median filtering made on magnetic, channel 6 contains

filtered magnetic.-

Channel

* Tape 35
Channel 1‘

' Channel " 2

.Channel 3
Chénnel 4 .

Channel 5

6

Time

Gravify before cross - correlation (G)
correction trace (C) |

Grévity after cross - correla£i0n 
(G-C) high Frequency components

(C-C) low frequency components



Channel 7 . C high frequency

Channel 8 C low frequency

'C is either Total correction - 500 or cross - coupling - 500

3. Output from CALNA

* Tape 9

Channel 1~ Time

Channel 2 | Ratio latitude error/fix time interval
systemil | |

Channel_'3 . - ' Ratio longithe error/fix time interval
system 1

Channel 4 | . Ratio latitude error/fix time interual
-sysfem 2 ‘

Chanhel. 5 : Ratio longitude error/Fix‘time interval

| system 2

4. Output from CALNAV

% Tape 9

As for CALNA

¥ Tape 30

Channel i : Timse »

Channel 2 'Sonap'-'Doppler. Latitude

Channel 3 Sonar - Doppler Longitude
' Channel 4 Chernikeeff Log Latitude

Channel 5 Chernikeeff Log Longitude

Channel 6 pressure Log  Latitude

Channel 7 ' Pressure Log  Longitude

Channel 8 . Heading



Channel
Channei
Channel

Channel

‘Channel

Channel
Channel

Channel

10
11
12
13
14
15
16

Depth

Gravity

- Cross - coupling

Total - correction

Spring -‘tension

Nagnetic

GravityAéFter cross - correlation

Magnetic without median filtering.

If median filtering 'made c¢hannel 14 contains magnetic

after filtering.

Channel

Cﬁahhel

6. From EOTMAG.

' 5.. From SHOMAG

1

2

Time

Shore_é Station data

* TAPE INTER (FROM EOTMAG + GRADED I ‘RUN)

* TAPE 20 (FROM EOTMAG RUN)

Channel

Channel

Channel
Channel

Channel

Channel

Channel

‘Channel

Channel

Time

Latitude (radian)

Ldﬁgitude (radian)

Heading

Depth

Gravity

Cross - Cdupling
Total.correction

Spring tension



Channel

Channel

Channel

Channel

-Channel

Channel

Channel

7. From GRADED I

10
11

12

13
14

.15 .

16

¥ Tape 20
‘Channel 1
Channel .2.
Channel 3
Channel 4
Channsl 5
-Channel 6
Channel 7
Channel 8
* Tape 25
Channei 1.
Channel 2
‘Channel 3
Channel 4
Channel 5
Chaﬁnql 6
Channel 7
Chahnal 8

7Nagnetic

. Gravity after cross - correlation

Magnetic without median filtering
Shore station magnetic

Eotvos

‘Gravity plus Eotvos (algebraic éum)

Magnetic - shore magnetic

. Time

Latitude (degree)
Longitude (degres)

Depth - (sign ﬁinus)

Gravity + Eotvos (algebraic sum or processing)

Magnetic
Shore magnetic

Gravity .original

Time
Gravity original

Eotvos

Gravity plus Eotvos (cross correlation)

Gravity high frequency components
Gravity lou.freqUency components
Eotuos high frequency components

Gravity plus Eotvos (algebra;c Sum)”.



8. From GRADED II
Channel 1

Channel 2

Channel 3

Channel 4
Chaﬁnel 5
Channel 6

Channel 7
Channel 8 to 11
Channel 12 l

Time ‘
Latitude (degres)
Longitude (degree)
Depth (sign minus)
Gravity plus Eotvos

Magnetic

- Shore magnetic

1.0 E10
B.C.D.
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APPENDIX No. 2
LEAST SQUARE METHOD.

The purpose of this method is to fit through a set of points

at tegular interval the best straight line.

Let be p valuses Yl’ Y2, ""‘-Yp

corresponding to abscissas Xl, X2, Xp'uhere XI= A
X;=24
XpépA

What is the best fitting line Y=aX + b passing through

these points and the RMS betusen Y; and this line.

The ordinals of the points of the best line for the given
abscissas are

Vl'= aA+ b

"~ The discrepanciess between the given points and the points -

of the line are.

E. =Y, -Y, = Y, -2aA = b —K e ‘
2= 2 2 2 T E 2 = z (Y, - iaa-b)?
.............................. 1 1

- - o ' i=1 i=1

Ep = Yp - Yp = Y.p paA - b



" Hence

The best line is given by:

3XED)  _ g and ATED) g
Jda db

3(2ED) =v-2A{(Yl -ad-b) +2 (Y, - 2aa -b) +..,.+p(vp-paa-b)}'
da ' '

3(ED) —2‘{-(Yl_-aA-b) + (Y, - 2aa -b) N (Yp-pa_A-b)}

2
db
2y - is=
2 LED) _ g Ef iy, - p(p+l) b - Ef
2 a A ’ l:l 1 . 2 =
a .
2. i=p. .
C1AED) g v Y, - pb - LP(P+L) _ g
286 i=1 ' > 7

Therefore the linear system giving a and b is:

£5°i% .a + p(psl) b - ¥ QY =0

2 R i=1

Ap(p+l) .a + p.b - Y., =0
. 2 _ ) .

‘The second equation is equivalent to E:Ei =0

}f i ST 42 ZIP iv,  p(p+l)
_ i1 izl i= 2

b = —
l= . ’
p 3 12 - p2(ps1)?
i=1 y:

N




if p -

-4 an_d A = 1l

Y, + 0.5 Y, - OY3:- D.5Y,

-3 Y, -1 Y., +1

= 1 %, 2 +q Y + 3

10 - 10 10 '3 o Y4

The predicted value is equal to

]

YS = 5a+ b

Y. = -0.5Y

5 + 0Y

1 2 3

+ 0.5Y, + 1Y

4



- APPENDIX No. 3
MOVING MEDIAN AND AVERAGE

*¥ Separation of -high and louw frequency periods on a trace
can be made by using a moviné median filtering followed by
a moving average (which cbnstifutes a non-linear-Filtering).
Effebt of median, average and median + average Fiiter are

successively described in this appendix.

Both filter used haVe a window of 17 points, i.e. 170 seconds.

L

# Figure 64 shouws the effect of a median plus averaging

processing on noisy data.

1. ‘Median filter. (Fig. 10, 12A)

‘The median of a set of measurements is defined as the middie.

meaéurement, if there is one, after the measurements have
been arranged in order of magnitude. | |
The responée curve has»been obfained by submitting sinusoid’
of various period (from 50s to 10 minutes by increments of

50 Seconds§ i.e. 12 sinusoids) into a median filter. The

‘curve obtained (fig.l2A) gives the following information.

* The low frequencies contain 45% of 4-minute components

of the original trace

- % The low frequencies contain 58% of 5-minute components

of the original trace
*¥ The low frequencies contain 74% of 6-mihutelcomponents

of the original trace



EFFECT OF MEDIAN FILTER
ON SEVERAL SINE FUNCTIONS
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EXPERIMENTAL RESPONSE CURVES..

for : MEDIAN FILTERING
AVERAGE FILTERING
MEDIAN + AVERAGE FILTERING
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- for f =

* Tﬁe low frequencies coﬁtain 92% of 10-minute components
of the ofiginal trace |

It mﬁst be noted that median filtering is not a linear

function. Thus it is difficult to extrapolate the results

obtained on some sinusoids to any curve whatever, except in

.the case of an isolated phenomena for which the figures

‘obtained do still apply.

Figure 10 shows the effect of mediah Filfer on several

sinusoids.

2. Average filter.

The theoretical fesponse curve of the auefaging filtering

is given by the Formula

A Ly
o _ sin 1fft _ sin p-
Ay T 1l sin fI = 1 sin II
P
where A, = output amplitude |
Ai = input amplitude'
= ‘window size = 17 points
- f = frequency in 6ycles/step
‘p = period in steps;
In‘our case = 52 _ sin 17 fO v
' Ry - 17 sin fII :

Y/ _ 17 I1 cos 17 fII .sin fII - dlsin 17 fII . cos fII
17 (sin )2 '

| 1 'S0
For:f < 17 = Y'>0 |
. => Y is a increasing function in this interval.

kK

Tn k EN =Y =0

s



EFFECT OF THE AVERAGE FILTER

ON SEVERAL SINE FUNCTIONS
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The correspbnding curve is given in figure 12A; for a

clearer picture, these are 'the periods which have been

expressed on the abscissas. The curve obtained gives the

Follouing information: |

*  The 10u Frequencies contain 35% of the 4-minute components
of the. trace

¥ The lou Ffequencies contain 55% of the-5—minute componenfs
of the trace

* The low frequéncies confainv70% of the 6-minute components

of the trace

- * The low frequencies contain 88% of the lD-minute’compdnents

of the traqe

it must be pointed out that the aQerage filter is'a lineéf
Filtef. Figufe 9 shows the effect of éverage'?ilter‘on
several sinusoids, Figuré 12B shows the effect of average
filter for phenomena of various period adcdrding to the

window of the average filter.

3. Median plus Averaqe filter.

The experimental curve of the median + averége‘filte£ing

has been obtained by -the method.describgd in pa;agraph l.-

The curve obtained gives the Folloﬁing_information (fig. 11)

* The low frequenéies contain 20% of the 4=minute components
of the trace | |

* The low frequencies contain_al% of the 5—minute‘cohponents

of the trace
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’

* 'The lou frequencies contain 60% of the 6-minute components
of the trace

* The low frequencies contain 85% of the 10-minute components

of the tracse

"4, Application to noisy daté.

Figure 64 shbus the effect of a moving median'Folloued by
a moving average on a noisy magnetic trace. Half windou

for both processes was 6 points, i.e. 60 seconds.



APPENDIX No. 4

CROSS - CORRELATION

I. JUSTIFICATION OF THE PROCESSING

The ‘gravity valﬁe shown on a LaCoste and Rbmberg
gravity métef is derived from 8 different components .
1. the spring tension ST
2. the term K x dB/dt proportional to the velocity
of the beam |
3. the inhérent cross-coupling or VCC
which is a function of : AX" x Z'-and Yﬁ x 2!
4, rThellong imperfection cross coupling function
of X" x zZ" |
5. -the cross-imﬁerfection cross coupling FUnction
of Y"‘x'Z" -
6. the vertical error=function of zn?
 ‘7. The ‘horizontal error = function QF X"2

8. the horizontal error = function of Y"2

 dB/dt, or the angular velocity of the beam,

is proportional to Z" and therefore the deviation of the

beam with respect to the horizontal is proportional to '

X" and Y" being the horizontal accelerations along

the long (X) axis and the cross axis (Y) respectively -

they are derived from the output voltages of the tuwo
accelerometers placed on the stable platform.
Z" is the verticai acceleration, or more exactly

the éhort period part of the vertical acceleration; it is



obtained as a voitége derived from the.beam position B.
Basically three analog outputs or voltages‘are
used to build Qp-the component terms of the éravity value
in a LaCoste Romberg meter: |
1. The.Z' or B, beam position ‘
. a differentiating cifcﬁit produces the dB/dt
~term proportional to Z"
2. the X" or long axis acceleration -

. 3. the Y" or cross axis acceleration

The first problem is to défine the correct calibration

,constants necessary to.convert the output voltages into the

correct acceleratlons, Z" X" and y" ‘ A

The term Z' is_in fact proportional to the beam

angle with respect to the horizontal and in the cross

coupling (VCC) term, it is the beam angle which is used.

This would lead to a definition of 4 constants in order to

calibrate the four output signals.

In the LaCosts and Romberg meter, the error énalysis
introduceé constructional errors (geometrical imperfaction
errors) as well as errors relating to the pr1n01ple of the

meter (1nherent cross coupllng)

Dr LaCoste points out in his paper "Gravity

measurement at sea and in the air" ‘1967 that G may be

- considered as the sum of the following terms

G = ST + K1 x dB/dt + e

where 8 = ay X"? + azlY"2 + 33 Z"2+a7 X"z 4+ aBAY"Z' +

ag-x"z" + a;q Yze

10



the terms ai:being constants defined experimehtally for each

- meter by LaCoste and Romberg.

- The inherent cross coupling equals ag X" 7' + aB.Y" v,
This expression of the inherent cross coupling accounts for

construction imperfections of the meter as Y" should not

- intervene for a theoretical meter

- The long imperfection cross coupling is equal to ag xnzn
and the cross impe:fection cross coupling is equal to

alU Yll le

It should be noted that the calibration of the.
cross coupling_terms, because of the geometrical imperfection
of the meter, is only valid for a certain raHQEAOf‘hOIiZODtél
accelerations; Fop large horizontél accelerations, the meter
is disfbrted, according to the>accelerations, while the

terms defined by LaCoste are "static" imperfection terms

" and do not account for periodic distortion of the meter

under variable horizontal constraints.

The appfdach taken by Dr LaCoste in his paper:

Cross correlation method for evaluating and correcting shin

. board gravity data consists in considéring the above mentioned

a; factors és.constants. These constants may be defined.

by zero cross correlation methods if 6neAconsiders that the

final gravity should show no correlation with factors

related'to‘ship’s motion, that is to say the terms .

‘inpluding X" Y" or Z" , or merely the components of e.



The major conclusion is that the actual calibfatibn
of the differéﬁtVtérms.arfecting the'computation of G in a
LaCoste and Romberg meter may differ substantially from
the calibfation given by the manufacturer. This had been

pointed out as far as 1969 by CGG.

Uer9 often, the_gravity trace showed considerabie
correlation with the Total cross coupling trace and>CGG's
approach was to adapt the crosé bpupling correction, both
in phase and in amplitude, so fhat_thé’corrected gravity
should not cdrreiate with the cross coupling correction,

at least for short period events of less than 3 minutes.

The TRIfUN processing was applied in order to
cope with that problem. In our opinion, it does the same
thing as does the ﬁrocessing.pfﬁposed by Dr LaCoste as'
long as horizontal accelerations are not such-as to distort
the geometry of the meter. Uhenigeohetrical distortion -
appears, the processind proposed by Dr LaCoste is no longér
valid, as the."constant".terms ay do vary, while the TRITON
processihg followus theAvariations of these terms. There\'
is, of course a limit as.tOO much distortion in thevmeter

leads to non linearity and large errors. This is in fact

what was observed very often when sea condition deteriorate

Uith uaﬁes exéeedihg from 7 to 10 feet depehding of the\

particular meter.

The same processing was tried using gravity and

the high<Frequéncy part of the Total correction, uhich'includes_



the term-s, plus the K x dB/dt term. Dflcourse the term

K dB/dT should show correlation uith“gravity as it is

part of it. On a moving ship, the Eotvos’corfection does
not vary very abruptedly, so that there is no reason for
the gravity to corrélate with high'Frequehoy components of
the TOTAL CORRECTION, high frequency meaning in this
particular c;se periods éhorter than those pointed out by
the Eotyos correctioh, gene;ally less than 5 minutes.

This approach is more complets than the preceding one
(Triton-abplied to the Total cross Coﬁpling only) as it

2 2 andA\Z"2 terms.

takes care of the X"“ y"
Considerable improvement was observed on many
shipborne gravity surveys using either the TRITON bropessing

with the total cross coupling or with the high component

of the Total correction.

11. THEORY OF THE PRUCESSING

II.1 -Application of the TRITON procedure tqithe

correction for total cross-coupling

The introductioﬁ to this note demonstrated the neceésity
of using Triton processing to carry out the correction for
ﬁotal'bross coupling. This processing procedﬁreAuill be
described in_this section. A more accurate descriptibﬁ

is given in the paragraph II;Q. It should be remembered

that the correlation betuwesn thse gravity trace and total

cross coupling is often quite strong, despite the fact that

this should only be an accidental phenomenan.



The aim of the Triton procedure is to adjust the

total cross coﬁpling, in phase and amplitude, so that gravity

and correction no longer have a general correlation. It

should be remembered that, in order to adapt the correction
properly, the parameters which characterise it must change

with the time.

Before turﬁing to the main problem, we will ponsidér
the Triton proceduré in the simple case when all that is
necessary is to adjust the correction as a whole, i.e. when
it is not necessary to adjust'tha trace:and the correction
in a way which changes with the time. Let us consider a
trace in the Form: Y(t) = Yp(t) + 7X(t),¥,(t) and X(t)
being tuwo Functians which have no corralation, Y being
a positive constant. Let us suppose that Y(t) and X(t)

(fig. 65) are known to a time shift & , i.e. let us assume

that the function X(t) = X(t+3) is known. The tuo unknown.

"+ parameters ¥ and & can be determined in tuwo steps:

- & is the shift which makes the correlation between Y(t)
and X'(t-8) reach its ﬁaximum; ‘this correlation calculated
for values between two limits - & ,y» and + & MAX’ fixed

beforehand{
- If & is known, X(t) can be calculated. Hence the evaluation
Y of ¥ can be deduced:’
¥= XY
X
. E : - ) ) . e x20
Let us suppose that Y= 0,1fz:XY is negative or ifZ.X"=0.
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FI6 65kont)

CREATION OF THE EXAMPLE

2| 5.25(-15 |675 |-1.5 |525
J B 675
4| 03601 |047|-01 | 036
51 078| <0 | 1 | <0 | 078

Z UNCORRECTED TRACE

Ais X CORRECTION TRACE
CORRECTION X Y 'CORRECTED TRACE Z+X

Y SZLZpAXid X
’ by ST

WHEN Z AND X DONOT CORRELATE . X.Z;=0 AND =¥

THE ABOVE EXAMPLE WHERE Z AND X PRESENT

A" NULL CORRELATION COULD REPRESENT AN

ANOMALY DISTORTED BY THE CORRECTION o




Of courss, the better the non-correlation hypothesis
between X and Yi, the nearer this evaluation ¥ will be to

the trus value'o?vi.

To return to the original problem, i.se. that the

adaptation of the correction shpuld vary with time, the

functions Y (t) and & (t) must be determined. The method

used consists of applying thelprocedure that we have just
described in a moving window. More accurately, ¥ (t) and
6 (t) are calculated in a windou which includes t; then
the trace is corrected to time t: |
Te(t) = T(t) - v(t) TT(t+s(t)) "
In this Foerla,‘T is the gravity befﬁre borreétion, TT.
the total cross éoupling correction, and thus TC is the

trace corrected for cross coupling.

Two paraméters intervene in the evaluation of ¥ (t)

“and 6 (t):

- the width of the calculating windou

The shorter the windouw used,ﬁthe better able the procedufe
is to follou a time vériation in the parameteré Yy and & f
However, if the-ﬁindou is_shorf; the gravity anomalies which
have a correlation with the cross coupiinb miéht be reduced

too much (in particulaf, a windouw reduced to a point would

.result in a correction trace which would vanish identically);



- the maximum time shift & MAX : (8] <8 MAX

Since the trace and the correction arse in the aggrégate

ad justed in time, & must be sdught betueen the limits

-6 S - .

MAX and +6MAX’ MAX should be neither too small.so that
it is possible to compensate for possible time shifts
betwsen trace and correction ; nor too large in order to

avoid eliminating real anomalies as far as possible. Of

course, with any given anomaly, it is aluays possible to

find a portion of cross coupling which has a certain

Correlation'uith this‘anomaly.

In vieh of the results of the processing described

above, we havs impfoved the method ih two uways.

- By introducing a threshhold on:v: ¥ <Y MAX

‘Since the trace and correction are at'approximafely the

‘same scale, the values of ¥ cannot be far from l; thus, Y

must be within certain limits. We have already fixed the
lower limit of 7 at 0, which means that we can igndre the
correction-when it has a negative or iero correlation with
the trace; this odcurs on noisy parts .of data gathered.

The fact that Y 'has a set upper 1lmltv(75‘7WMX with v ny

= 3 for example), makes it more improbable that anomalies

" which have a correlation with the correction will be eliminated;
- this becomes impossible if'the'borrectioh is small in

" comparison with the trace.

There are tuo‘poésible methods of limiting the

values of ¥ o
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. the first consists of replacing the calculated values

of Y which are higher than 7 by

MAX MAX®
. the second method, which is the one that we have adopted,
is to modify the formula of Y so that the values of Y are

limited gradually (Fig. 66).

- Smoothing the 6 (t) curve

Up to now, we have supposed that & had a law of
probability which was a pfiori uniform over the intervél
(- Swax? * dmax ), i.e. that Vlhad,a zero probability out-
side this‘interval, and that all the values of Y uere equally

probable betueen the limits =Y, . and +7 It is

AX MAX®
praferabie to choose a law of probability P, which:

- on the one hand, makes iarge time shifts gradually léSs
pfobable.' Hence, the choice of 7 MAX is less arbitrary. 
- on the other hand, changes gradually with the time

so that the & (t). curve is smooth. More accurately, the

law Py will be more favourable at time t to shifts near

§ (t-1).

Finally; let us point out. that there is no question,
in using tha..cross ceupling, of adjﬁsﬁing the ‘slou vériafions
phenbmena,_since this phenomena should be eliminéted before-
hand by filtéring, with a moving medién, for example, both
from the trace and from the correction. Thesé slow variations

phenomena will be reintroduced after Triton.
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I1.2. Theory.

Given fuo traces X and Y, length n. The regression
coefficient ¥ of Y on X is the value 7 of the parameter a

which minimizes the sxpression:

Z (v, - ax;)?

1<|<n

Derivation will yiseld:

Y= ;Xj Yi
X x§

One can verify that Y - YX and X do not correlate.

For a given trace T and a correction trace TT, the aim of

the TRITON procedure is to locally adjust the gmplitude of

the correction in such a way that the corrected trace is

' the smallest possible. The correction of the point of

abscissa x is accomplished by the. determination of the
coefficient'7 (x)Abetueen tuwo windows Fand F! centered on

x of the. traces T and TT,

. = - Y
TC(x) T(x) ”( )
is then calculated

TRITON with shift.

When the phenomenons.hresent a phase sHiFt, the windou F'
which correlates with the window F has to be determined prior
to the calculation of 7 .

f' is centered on x!
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TC(x) = T(x) - 7 (x) TT(x?)
is then calculated.
Determination of F' : if I'(6) is the intercorrelation
function ‘betuesn F and'several_F' shifted by é samples, then

the shift § which correspond to T maximum is chosen.

" The function T is calculated for:

“Omax S0 S O py

When theAéignal to noise ratio is small, the shift 3 is not
accurately determined and the curve & (x) lacks in C0ntinuity.
This leads tqtueight the curve I' (é) so as to satisfy the
two following conditions:

" a - the curve .Ekomust be continudua,?his is realized
by means of é'ueighting which aims to obtain ;(x) very
close to &(x-1).

b - g(X) = 0 which means that the weighting will

. favour the small shifts.

One defines the curve Qd(a):

| ) = _ - |
04(8) = - (=) for 6<d

2
(8 max+d)

2 .A. - -
'_JML_. +1 for & 2>d

Qd ()
o (Bpipyd)®
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The curve P (6) = 00(6) X Q?( )(6) constitutes the desired
' : x=-1 ,

answer to the ueighting of the intercorrelation function r(s)

The shift 3(x) sought corresponds to the maximum of the

. expression: T (&) x P(s).

- . - < ’Y
TRITON with condition 0L 7 < MAX.

Y must be such that the expression:

‘ 'Z(F-‘Yg)z + 22 (ZFZ)‘Y 2 be minimum.
| 2,02y 2 . .
The effect of the term M ()_f°) v “ is to limit Y.
Derivation yields

Y = —_2fg |
Sater3x?

Letvbe 0. (ifYfg<0).
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WhenY is maximum, then f will be in the form f=kg;

in this casse:

vT L
1+ XK
The extremums of this function K are obtained for K=+ %
The maximum value of v is: 7 = 1 from which is
‘ MAX 5% )
deduced the valus of \ = 1 uhen‘thx is given .
27 max

In Fig 66, the curve Y (K) is draun (For‘YMAX

= 3). It will

be noticed that: .
- ¥ is close to 1l for K =1
-.Y =0 if K =20

- 7 decreases when K is large.

III PARANETERS USED _IN PRODUCTION WORK.

i. GRANAV cross correlation

* From SurVey 05 to Survey 15:
Half separation windows high frequency:
| 24 points = 240 seconds.
Half,correlation window:
16 -points = 160 seconds.

Time Shift:

8 points = 80 seconds.

* From Survey 15 to Survey 19.

Half high frequency separation windou:
‘14 points= 140 'seconds.

Half correlation windouw:

10 points = 100 seconds.



[

Time Shift:
6 points- = 60 seconds.

.!

ii, GRADED I cross correlation and turn error

removal.

* Cross correlation.

HalF.highAFrequency separation window:
-5 points = 5 minutes
Half correlation window:
5 points = S minutes

Time Shift:

3 points -3 minutes.
* Turn error removal,
Half "seeking a turn" windou:

5 points 5 minutes.

Ml

Half "interpolation at a turn" windou:
| | 5 points = 5 minutes.
Threshold:

5 milligals.

14
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APPENDIX No. 5
WORKING START AND STOP.

Official "Start" and "Stop" of work do not aluays
correspond to satellite fixes; hence the necessity to compute

"dummy fixes" from existing data, in the following way =

- let time Tl‘be last satellite fix before official start

- satelli#e.locatlon at this time: 51 lat 91 long

| -~ = Doppler values at this time: Dl 15t Dl long
- let time T be official Start | |

- Ship position (unknown) : X,V.

D

- Doppler values.at this t}me: D lat dlong

- 1let time T2 be first satellite fix éfter official start,

- Satellite location at this time: S S

2 lat "2 long

- Doppler values at this time: Dy 14t D, long -
Location of thé ship at time T is given by
X =8; 1.4 + (82 lat - S lat)x(D lat - D; lat)
D 1lat - D, lat

1

Y.= Sl‘loég + (S9‘l¢ng - S3 long)x(D. long - D7 long)

02 long - Dl long

(Similar computation is made for official stop)



APPENDIX No. 6
SMOOTHING OF A CURVE BY "SMOUZE" PROGRAMME.

Tﬁe purpose of this appendix is to explain the smoothing
used in the automatic drawing of the offset frequency curve
to get the predicted frequency necessary to thé post -
calculation of satellite fix data. The programms of auto-
matic drawing is called SDUDF, designed around SMOUZE, a
CGG Subroutine for smoothing of a curve which is described

now.

The main points of SMOUZE are as follous:

¥ The curve output must remain third degree polynomial,
within intervals larger than or eqUal to 2 points.v As the
adjuétment conditions remain the same as those uséd in the
CGG subroutine SPLINE (See § navigation), the curve will not
be able to fit exactly through the points{

*¥ The sum of the squares of the fhird derivatives, must be

as small as possibls.

In a more accurate way, SMOUZE processing corresponds to

the following hypothesis and conditions

1. Given:
a. N points X Yi each one weighted by Pi

b. K ."nodes", of which only abscissas X, are given

with K< N




c. &such that £ >X, and £, <X, (abscissas)

d. stabilization constants

2. Conditions

a. Between successive nodes, the curve is a third
degree polynomial called S(x).

b. At each nods, continuity of first and second -
derivative is assumed, the two curves having
the same ordinate.

c. The sum of the squares of the differences in
ordinates between the curve and the given points,

" weighted by the weights of these points and

increased by stabilization constants is minimum.

d. The stabilization constants are proportional to:
*¥ 0On the one hand; the sum of the_squareS‘éf
the third derivafives at the nodes, a large:v-»
ueigﬁt being given td the first and last nodés.
¥ On the other hand, the sum of the squares of .

the ordinates‘at.the nodes.

3., Dutput:

The ordinatesyn of the curve drauwn, borresponding-to the

abscissas‘én are output.
Mathematical formulation of the conditions.

Cohditions b and c, yield to minimise, taking in account' 

the constraints of conditions a and b, the expressioﬁ.

. 2 2 : 2 "'2' '||'2 ll|2 2 |
R = 2p? (¥;-8;)+ » s, C+ S, ‘48, 2)+B LN 2

i ok k
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- where §;=5 (x)

S, =5 (x )

K=
The constraints are input in the follouwing way =

1. The polynomial S(x) between two nodes is an expression
of the second derivatives M and of the ordimates F of the
curve at the two nodes. | |
)3

5(x)=M, _ (X, -x)3+m (x- X, ) +(6F -m, 1 2)(x X, )+

(6Fk_1-M

ces 1) (Ky=x)

uhere_lk = Xk - Xk_\

The unkhouné of the problem will be the K values OF M and the
K values of F; as-thére 1s only one value of M and one
value of F at- each node, the contlnulty of second derlvatives

and ordinates will be automatically worked out.

2. The continuity of the'Firstlderivative is assumed by
the solution of the K-2 équations:

L1 ki k41 EPRILPR
0 6 T

+2(lk+lk+1)m +1 1 (lk+lk 1)F +1, F

kK k-1

x
TN}

where 2 <k <K

This problem of .linked minimum is solved by .using the

Lagrange multipliers and by making minimum the expression

z_zz:xko Lk



which yields a system of 3K - 2 linear equafions at 3K - 2
unknowns:

K values of M

K values of F

'K-2 values of N e

Gathering together in a convenient way equations and unknowns,
the matrix of the system will have only non-zero values on
the main diagonal and on 5 diagonals on both sides, allowing

~a solution even for a large number of nodes.

The stabilization values have been defined, for a try, in

this way:
\

: @Stabilizer of F is a quantity without dimension equal

to 107°

:v,S5tabilizer of M has the dimensions (metre)z. It is

defined by '
i 2
Cx, - x, DM
Vo= (K1), 0.05 + k g
' K-1 | K

- where DM, is the diagonal term of the matrix relative to
variab;e Mk
- while € is a given value: (0.01)

- ‘the larger € 1is given, the smoother, the curve will be.

- 'and 4 stabilizes the 2 ends of thecurve and is equal to 5 v.

EXAMPLES

1. Curve I (fiq. 67): At the start, the curve was a sine

function lightly distorted. The weights have been given as



}

increasing from the left to the rlght It is noteworthy
that the curve, after processing is smooth when the weights
are small, and it follows closer ths given points as the

weights are larger.

2. Curve II (fig. 67) The curve II is the same as curve 1

except for 6 points. In the first half of the curve, 3 points
have been put strongly below the curve: the first one,

which has the same weight as its neighbouring points,

heavily distorted the processed Curvé, while the last one
which has an_approximately Zero weight does not distort the
curve. The same remark can be made for the second half of -

the curve, vherein 3 points located 1n1tlally on the maxima

of the curve .have been relocated on the axis.

Remark:

SMOUZE can be used as a non linear filtering to filter
phenomena.of period P smaller'fhan a given PO on a curve,
uithdut distortingAtob much phenomena of period greater -
then P . SMOUZE can be used in the Follou1ng way:

After separation of high and lou frequency using median

filtering of period P o @ low of weighting giving a lou uelght

to all portlons of the hlgh frequency component curve that

have a perlod smaller than PO is detarmined. SMOUZE, then,

outputs the smoothed curve.
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