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ABSTRACT

This paper discusses the need for a quality control method for off-
shore positioning surveys and then its actual use. It limits the discussion
to radio locationing systems only, but this restriction does not imply that
Satellite Navigation or Underwater Acoustic Positioning Systems do not
require such quality control.

The subject is divided into two parts. Firstly the calibration methods
necessary to determine the zero/delay settings for the survey equipment
and to establish the propagation velocity required in the survey. Secondly,
the positioning of the survey vessel with the necessary, but often missing,
“simultaneous quality control” of this positioning.

The methods described in this paper are compared with field results,
from which can be seen the often limited value of the most commonly
used, and sometimes time-consuming and expensive, calibration methods.

It will be shown here that the generally accepted principle of the
location offshore of vessels and structures using only two position lines
not only lacks reliability but can often result in costly resurveys.

The lack of data redundancy in offshore surveys stands in sharp
contrast to the practice in land surveying where data redundancy in obser-
vation and control surveys is common practice.

With the increasing practice of having extra positioning equipment on
stand-by—especially in remote areas-—and with the increase in cost of
offshore surveys, Shell’'s Topographic Survey Department has developed
a method based on redundancy of data. This method provides a continu-
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ous quality control of the offshore positioning while surveying, and avoids
unpleasant surprises after the survey vessel has left the area.

INTRODUCTION

Positioning in marine surveys for the oil industry makes use of a
wide variety of techniques ranging from sextant and theodolite measure-
ments for inshore work to satellite navigation, integrated with long-range
navigational aids and sonar doppler for the remote areas beyond 300 km
from the coast. The in-between zone is covered by a wide range of radio-
location (survey) systems, whereas for some special projects underwater
acoustic systems are employed. The applications for these techniques
vary from the positioning of seismic shotpoints, the placing of mobile
drilling rigs on previously shot seismic lines, the horizontal control of
airborne or seaborne gravity/magnetometry surveys, the positioning control
of pipeline route surveys and the laying of these pipes thereafter, the
shallow geophysical surveys and subsequent accurate siting of large pro-
duction structures as well as the control of large-scale engl*&gring and
hydrographic surveys. 3

Since the majority of these activities still take place in the zone
between the inshore visual-control area and the more remote sea areas
an effort is being made to identify the present problems in radiopositioning
and to try to improve upon performance.

This paper deals with the need for a reliable standard method of
calibration prior to offshore surveys and a real-time quality control during
such surveys, with the aim of reducing errors and ambiguities and at the
same time giving confidence to the survey party on board and providing
subsequent scrutiny and correction possibilities to the remote onshore
processing department.

The radio systems are categorized by the type of geometric pattern
they generate, and this determines the calibration procedures to be used.

There are three distinct types of pattern in radiopositioning : hyper-
bolic, eircular and linear.

Hyperbolic patterns

These patterns are generated by two pairs of beacons. The equip-
ment on the survey vessel records a signal that is the result of either a
measured phase difference or a measured time difference between the
signals transmitted by each of the two beacons in a pair (Hi-Fix, Syledis
systems).

The formula for the calculation of the hyperbolic pattern is :

= (Dist (MS) + Dist MV) — Dist(SV) ) - F/V + Z
in which :
P = pattern value
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F = transmission frequency

Z = zero/delay correction

V = propagation velocity of the radiowave
Dist (MS) = distance between the shore beacons (Master and Slave)
Dist (MV) = distance Master beacon to vessel
Dist (SV) = distance Slave beacon to vessel

Circular patterns

These patterns are each generated by one shore station which is
triggered by the transmitter on board the survey vessel. The observed
signals are either time intervals measured between the vessel’s outgoing
signal and the returning one retransmitted by the shore beacon, or the
phase difference between the two signals (Maxiran, Argo systems).

The formula for the calculation of the circular pattern is :
P = Dist MV) - 2F/V + Z

Linear patterns

These patterns are generated by shore beacons transmitting the an-
gular value of horizontal rotation of their aerials relative to a Reference
Object (R.0.). (Artemis system). Theodolite stations generate similar
linear patterns.

The formula for the calculation of the linear pattern is :
P=R+A+2Z
in which :
R = reference bearing to R.O.
A = angular value of aerial rotation.

Each of the above three types of pattern gives one geometric position
line (LOP). The position of the vessel is the intersection of two of such
lines of position. This statement, however, is the classical misconception
of the positioning problem, as will be seen later.

There is no mariner or surveyor in the world who in conventional navi-
gation does not use a check bearing just to make sure. Why then does
one, with radiopositioning systems, use only two LOPs ?

CALIBRATIONS

A. PRESENT METHOD OF CALIBRATION

The hyperbolic and circular types both have the propagation velocity
of the radiowaves (at the comparison frequency), the transmission fre-
quency and the zero/delay constants in the equipment directly related
to their type. The main parameter governing the propagation velocity of
systems in the LF and MF is the electromagnetic conductivity of the surface
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over which the radiowaves are transmitted, while for the systems working
in the HF and UHF band, the propagation velocity is governed by the tropo-
spheric refractive index.

Calibration methods hitherto varied, depending largely upon the
equipment, skill, experience and improvisation talents of the survey per-
sonnel. Unfortunately, however, too often insufficient time has been
allocated for this all-important exercise. Many operators nowadays still
consider this part of the survey as not necessary—partly due to ignorance
or overselling by the equipment manufacturers, but more often due to
the demand for high production figures since calibration is not considered
to be productive. All types of pattern, however, have a basic element in
common : the coordinates of the shore-based radiobeacons and the consi-
stency of the geodetic nelwork in the area. Without these, the actual
position of the LOPs cannot be correctly computed.

Frequency calibration was, and still is, not normally carried out in
the field, due to the need for delicate specialized equipment. This cali-
bration is, hopefully, done in the manufacturer’s workshop. It is, however,
possible to correct for a change in frequency during the computation as
part of the velocity term.

Recent experience shows an urgent requirement for the ability to
measure the absolute or relative signal strength in order to ensure accu-
racy of signals above a rapidly deteriorating minimum. Signal-to-noise
ratio is also an important factor for accurate radio positioning. These
aspects have been neglected by the majority of positioning survey contract
firms.

The method of calibration is dependent upon pattern type.

Hyperbolic patterns

Until recently only two pairs of LOPs were generated. Baseline
extensions (maximum and minimum values) were observed during the
lanecount. Pattern values were checked at known points. The observed
differences were either entered into the calculation as C — O (calculated
minus observed) values or else minimised by the more experienced sur-
veyor by the adoption of a new propagation velocity bearing in mind the
physical properties of the various types of soil/water/air at the transmitt-
ed frequency. In some cases, however, a value supplied by the manufac-
turer was used.

It is obvious that a check on the consistency of the station coordinates
from this calibration method is very difficult indeed. It takes a great
deal of skill and patience to (a) determine one or more stations to be
“out”, and (b) pinpoint the culprit.

Circular patterns

These patterns were normally calibrated over a long baseline, the
length of which depended on local circumstances—preferably being equi-



OFFSHORE POSITIONING SURVEYS 45

valent to the average distance from base station to survey area. The
observed difference on this baseline was either entered into the calculation
as a zero/delay correction or mechanically fed into the equipment. As for
the case of hyperbolic calibrations, the best known velocity value was
assumed or else the value supplied by the manufacturer was used (par-
ticularly in cases where the equipment readout is in units of length).

The more experienced man however insisted upon presetting a known
or calculated delay into the equipment and had it checked by internal
station calibration. Thereafter a minimum of two known baselines were
measured. This facilitated a check on the consistency of the coordinates,
if (as was normally done) the equipment was erected on the base stations
to be used for the survey, and provided a better assumption of the pro-
pagation velocity. An additional check on zero/delay errors was carried
out, circumstances permitting, by crossing the baselines both internally
and externally. From the difference between the value obtained internally
{an addition) and the external one (a subtraction) the zero/delay error
can be directly calculated for the beacon on whose side the extension was
crossed. The value obtained for the other beacon consists of that beacon’s
delay error and the velocity error over double the baseline distance, as
can be seen from the following formulae :

Pml +Zm + Psl + Zs=b - V/2F

Pm2 +Zm — Ps2 - Zs=b .- V/2F

Pml + Pm2 + 2Zm + Psl — Ps2 = 2b . V/2F (addition)
2Zm = 2b - V/2F — (Pml + Pm2 4 Psl — Ps2)

Pml — Pm2 + Psl + Ps2 4+ 2Zs = 0 (subtraction)

2Zs = Pm2 — (Pm1 + Psl 4 Ps2)

It must be stated that, for various reasons, this method was un-
fortunately not always used.

Linear patterns

The problem of propagation velocity is irrelevant to this type of
pattern. However, station coordinates and R.O. are as important as in
the other types. Hardly any calibration for this type of pattern has been
carried out in the past. One relied completely on the information supplied
by the manufacturer and on the “wisdom” of the engineer setting up the
equipment.

B. PROPOSED METHOD OF CALIBRATION

Many of the surveys for the oil industry are in remote areas of
the world. Positioning equipment should arrive in the area well before
the survey vessel, and in this period the equipment can be tested and
calibrated.

A new method of calibrating circular pattern type equipment has been
developed which avoids costly logistic support and at the same time offers a
maximum of checking possibilities.
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In this procedure we must establish the following :

a) check that the equipment is working properly;

b) determine the zero/delay values for each set and each exchangeable
part of the equipment, including all spares;

c) define the best average propagation velocity of the radiowaves for
the survey area, including changes due to local conditions.

The procedure has been established as follows.

On arrival all the equipment is checked at the operations base. The
surveyor in charge must ensure that all pieces are tagged with an iden-
tification number. He must carefully note that the method of putting in
zero/delay settings is not to be changed. In some cases (Maxiran system)
we found it necessary to request sealing of the correction dials as they
are very apt to be accidentally altered.

In the calibration procedure we insist that the determination of the
zero/delay value is also carried out at the operations base. To effect this
a shore baseline of 800-1 500 metres is laid out by simple tape measure-
ment, for instance along a jetty or a quiet road. Its minimum length is
governed by the manufacturer’s specifications, since swamping by the
beacon’s transmitier can occur at very close range. Use of an attenuator
is in most cases advisable.

Since the uncertainty in the propagation velocity is less than 0.1 %,
the error on a 1500 m baseline is negligible for the purpose of determining
the delay setting.

The procedure has several advantages : it is easily adaptable to all
sets, there are no communication problems, and it allows the surveyor
to follow the complete procedure and to record the results on the spot.
This procedure for basically checking the zero/delay error has now been
applied in many surveys (in Portugal, Brazil, Tunisia, the North Sea, and
Japan) and some facts have come to light. The cables of the Syledis aerial,
for instance, had been assumed to have a certain constant delay per metre,
but it was found that in some cases the value was nearly double that
figure. With Maxiran equipment it was generally accepted by operators
that the linear amplifiers and other parts of the equipment had a constant
delay factor, as determined in the workshop (this is often a very mis-
leading statement). However, with the procedure described above, errors
of up to 30 metres were found.

The other factor, the propagation velocity, cannot be determined
over the short baseline. The simplest way to determine this factor is the
measurement of ranges over a long baseline, preferably over sea water
and close to the area to be surveyed. Often such a baseline is difficult to
find, or else the absence of adequate logistic support prevents this measure-
ment. As an error in the third factor—the station coordinates—may exist,
one must be careful in accepting these values, particularly if the velocity
found differs considerably from the expected one. In that case the surveyor
is then compelled to observe a second baseline.

Baseline crossings with the survey vessel (both internal and external
crossings) whilst en route to the “prospect”—the industry’s term for
survey area—serve the same purpose as the long shore-baseline calibration.
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Here the additonal feature of being able to check base station coordinate
consistency should not be neglected.

If, in the worst case, neither of these velocity determinations can be
made, then this factor can be computed from a series of at least four
stationary (either drifting or at anchor) threeway fixes widely spread
over the area of coverage. An improved estimate of the propagation velocity
can be computed from the redundant observations by the least squares
method. By executing this same procedure on a number of selected points
gathered during the survey this initial value can be improved. This last
subject will be discussed further in the section dealing with onboard quality
control of positioning data.

The method of calibrating the hyperbolic type of pattern is basically
the same as that described earlier. The additional compulsory third pattern
line, however, offers a more realistic possibility of obtaining a mean value
for the propagation velocity. The method is similar to the one described
in the paragraph on circular patterns. It has been tested extensively on a
Shoran-Hi-Fix/3 system in Borneo with success.

The main problem remaining to be solved lies in the as yet unac-
countable anomalies occuring in different parts of the coverage area.
Thought is being given to a solution whereby for each of the patterns
(lines of position) a variable velocity will be used which is a function of the
surface over which the wave passes, or else to a solution which treats
non-uniform velocities. The same problem exists for the circular systems
when working at extreme capacity limits, since a drop in signal strength
gives an effect which is comparable to a change in velocity.

The principal problems in the calibration of line pattern systems are
the setting up of the equipment, and the entering of the R.O. value and the
coordinates of the stations, but in the context of this paper they can be
considered as basic surveying procedures. A check by the surveyor is
essential, in particular one on the sealing of the R.O. setting. To enable the
surveyor to check this setting during the course of the survey it would
be preferable that the manufacturer include this reference value, together
with the rotation in angle, in the coded transmission.

In the calculation, the bearing should be calculated from the coordina-
tes of the R.O., and the difference with the reference value should be used
as a zero correction instead of using the reference value directly in the
computation, as is being done now. A further discussion is given in the
section on quality control.

The improved calibration procedures will have a direct impact on the
results obtained with the quality control package.

QUALITY CONTROL

During the course of a survey normally only limited control is carried
out. Phase comparison hyperbolic systems seldom have redundant LOPs.
Their lane values are ambiguous and prone to lane loss due to atmospheric



48 INTERNATIONAL HYDROGRAPHIC REVIEW

disturbances, radio noise, power loss, or skywave effects. Frequently this
is only checked by repeating readings at previously determined points.

Circular patterns are very often used in the two-range mode, and
even if three beacons are available many systems can only display two
values simultaneously. The recording of the third pattern value can then
only be effected either before or after the survey of a line as the equipment
has to be switched over to the third beacon. If the checks are taken as
so-called “running” three-way fixes (i.e. non-simultaneous), then the ship’s
movement can considerably affect the validity of the check. During the
initial period of offshore exploration a few systems only monopolized the
industry; by always using the same positioning system a high degree of
repeatability was achieved, enabling a vessel or drilling rig to return to
a seismic “event” for either a follow-up survey or spudding a well. No real
emphasis was placed on “absolute” positions that could be reproduced
with other systems. The need for the latter arose when more and better
systems became available; this requirement became a “must” by reason
of factors such as frequency licensing limitations and the specifications for
international and concession boundary determinations.

Long after the survey had been completed and the vessel had left
the area errors were sometimes discovered or suspected from “misties” in
seismic interpretation. However, to prove the interpreting department
right or wrong in their accusations was either very difficult or impossible,
since only scanty, or no, redundant observations were available. In cases
where different surveys positioned with different systems are being
correlated, if the discrepancies reported prove genuine, the absence of
redundant data could become serious indeed. It is difficult to estimate how
many of the surveys carried out—particularly those in the early years of
offshore exploration—contain large positioning errors. The cost involved
in resurveying or in drilling a well in the wrong place is considerable.

This is one of the main reasons why onboard positioning quality
control is vital. To prove a survey correct, redundant field data in the
form of one or more extra position lines should be recorded and analysed
in real time. It is only with the help of these redundant observations that
real confidence in the survey positioning can be obtained. The acquisition
of redundant survey data has always been a basic principle in land
surveying.

Around 1974 the topographical department of Shell Expro London,
which is directly involved in the UK’s North Sea surveys, made an effort
to force survey contractors to include the recording of at least one more
pattern. At the same time a software package for the table-top HP 9830
calculator was developed to enable instantaneous position computation
aboard ship utilising from two to eight positioning patterns of the hyper-
bolic, circular and/or linear type, or any combinations thereof. The
calculation is based on the method of variation of coordinates (least squares
adjustment), and the derived standard deviation for the single observation
is the tool and criterion for the reliability of the vessel’s position.

In 1978 a revised program was written for the more powerful HP 9845
computer, the revision being based on Shell Expro’s experience. This
quality control method is now being implemented in all Shell-controlled
surveys.
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Calculation of a position fix

The observed pattern values are first corrected for the zero/delay
error and for the propagation velocity. The following formulae are appli-
cable :

Hyperbolic : U; = (P, — Z) - V/F — Dist (MS) (in metres)

Circular : U; = (P; — Z) - V/2F (in metres)

Linear : U; =Azi \MS) + (P, — R — Z) - /180 (in radians)

where :

U; = corrected pattern value
P, = pattern reading
Z = zero/delay correction
V = corrected propagation velocity
F = transmission frequency

Dist (MS) = distance Master to Slave beacon
R = reference bearing to R.O. in degrees, as set in the

equipment
Azi (MS) = calculated bearing to R.O. in radians

The calculation of the position should be made on the spheroid since
long distances can be involved. Such a computation would take 4-6
seconds per point on the HP 9845, which is considered too long in view
of the time interval of data acquisition on board. Therefore, a quicker
solution was found consisting of correcting the metre pattern values for
the Transverse Mercator projection scale factor and carrying out the
position iteration on the TM grid. This method is four times faster, and
the error between the spheroidal calculation and the TM grid is less than
one metre at a distance of 300 km if appropriate formulae for the scale
factor are applied to the lines. The iteration is repeated until the vector
of the differences is less than one metre,.

The standard deviation can now be calculated from the differences
between the corrected observed pattern values and the values computed
from the final coordinates :

8=V V,Vy)/(n—2)
n being the number of patterns observed.

It is stressed that the value of the standard deviation, especially when
using a small number of redundant data, is only an indication of the
measure of disagreement between the pattern values.

The least squares subroutine, as used in the HP 9845 program, is
given as Appendix A to this paper. The program is written in the BASIC
language. Appendix B contains a three-range position calculation program
for the pocket calculator HP 97. The same techniques as described above
have been used.

In the method of calculation the type of pattern is irrelevant. Theoreti-
cally, a fix can be calculated from any combination of the three patterns
from different systems. However, only when the coordinates of the shore
stations are based on the same geodetic datum and when the accuracy of
the different systems can be considered comparable—and only then—can
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two or more different systems be directly used for the quality control
program. No weighting has yet been included.

A remark must be made with regard to the calculation of a linear
pattern. Normally, it has been the practice to accept the reading setting on
the master beacon as being the correct bearing of the reference line. In
the case of a wrong setting it is not possible to detect the error at a later
stage as this bearing does not appear in the logged observations. In the
method of calculation described above, the calculated value (Azi) and the
beacon value (R) are used. This reduces the possibilities of error. The
program thus serves as a check on positioning equipment generating
linear patterns.

FUTURE DEVELOPMENTS

Further investigation is needed into some elements of the above
method which are still to a certain extent affecting the results.

(1) The propagation velocity has been assumed to be uniform through-
out the computation method. We know that this is not true,
but the problem is firstly what computational model to accept
for different velocities, and secondly what factors are contributing
to the changes in velocity (i.e. types of soil, the salinity and tem-
perature of water, the seasonal effects on ground conductivity,
the signal strength to mention but a few).

(2) Pattern geometry and pattern stability both have an effect on the
standard deviation as calcuiated by this method, but they have
so far not been taken into account.

The program is, however, already being used for navigation of a
vessel during surveys. Its usefulness to the quality control man on board
to detect errors on the spot has been proven, since any gradual or sudden
change in the standard deviation value will serve to alert him. It also gives
the survey party the opportunity to remedy the majority of these errors
whilst still in the area, in particular errors caused by wrong base station
coordinates, changes in equipment, pattern drifts observed at a monitor
station but not compensated for, etc.

When post-processing, the data can be more carefully scrutinized,
and velocity calculations can be repeated in order to achieve a better result
since the proposed logging procedure ensures thal all data are available.

A program is under development to derive the best fitting propaga-
tion velocity and zero/delay corrections from the redundant data. The
solution will also use the least squares principle.
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Appendix A

277@ Leastsquares: FPEDIM X(Maxpatt,2)>,Y(2,Maxpatt?,2¢2,2>,AC2>, T2, UcMaxpat?,
Y{Maxpatt),W(Maxpatt)

2773 MAT U=ZER

2780 19=@

2785 Wil=y

2790 W2=x

2798 FOR S1=1 TO Maxpatt

2800 IF R(S51)>#K<(S1>=0 THEN 2840

280S ON ABS(P(S1,9))> GOTO 2810,2820,2830

2810 U(S13=ABRS ARS(RC(SIII+D(S1)+4GC(S1)>)%(C(S1)»-F(S1>>-B(S1»
2815 GOTO 2835

2820 UCS1)=ABS(RCS1>4D¢S1+G(S1))%C(SId>/(2#F(S1)>)

2825 GOTO 233S

2830 U(S1)=B(S12+(ABS(R(S1)>)-D(S1)+G{S1>>*(36B/C(S1>>*(P1-180)
2835 19=19+1

2840 HEXT 51 .

2843 IF I9¢2 THEN 3185

28350 19=1

28595 FOR sSz=1 TO 1@ ! Maximum number of iterations=10

2860 MAT X=ZER
28695 MAT VY=ZER

2870 Nd=(W1-YB) A+Q0
287S WO=CA/C1-E2%STN(N4Y~2) ) A2% (1 -E2)

2880 FOR Si=1 TO Maxpatt

288S IF R(S1)>*K(S1>=8 THEN 3030

2890 ON AESCPCS1,9>) GOTO 289%5,2895,2970

2898 WA=SOR(CWZ-P(S1,112)~24CH1-P(S1,10)5~2)

2900 WS=CW2-X@) ~2+(M2-KB)>#{P(S1,11)-KB)>+{P(S1,115-X0)~2
2905 WS=C1+C14+N5/ (36%UDD ) #WS/ (6#1T) > 2K@

2910 ON ABSCP(S1,9>) GOTO 291%,2950

2915 WE=SORC((W2-P(81,133)~2+4CH1-P(S1,12)>~2)

2920 W7=CW2-XB)> A2+ C(H2-XB) £(P(S1, 13)~XB>+(P(S1,13)-Xa)>~2
29293 W7=CL1+CI4HT (362U IENT CE%HD) Y %KD

2930 A(S1,15=CW1-P{S1,12) ) /W6~CHI-P(51,10)) H4é
2935 X(S51,253CW2-P(S1,13))/H6=~CH2-P(S1,11)) U4
2940 V(S1)=U(S17-WE N7+ WN4 WS

2945 GOTO 3030

2950 X(S1,1>=CH1-P(S1,18))>,UCS1)

2955 K<S1,2>=(W2-PCS1,11))>-UC51)

2960 V(S1I=UCS1)*KS-H4

2965 GOTO 3030

2970 CALL Grdbrg(P(S1,187,P(S1,11>,MW1,W2,HN5,W8>
2975 WP=WE*WB*6O*4.B48E-6

2980 K(S1,1>=(PC(S1, 11)-W2) W7

2985 KCS1,2>=(H1~P(S1,18>) /W7

2990 V(S1>=UCSE)-WS

299S IF V(S1)>-PI THEN 2010

3000 VCS1O=Y(S1)+2#P]

3005 GOTO 2995

3010 IF V(S1><Pl1 THEN 3825

3015 V(S1)>=V(S1)-2%P]

3020 GOTO 3010

3025 ¥(S1)=V(S1)>*60%180-P1
3030 NEXT st

3039 MAT Y=TRN(X)>

3040 MAT c=v#X

3045 MAT A=Y*Yy

3030 IF DET(2)>=@ THEN 316S
3055 MAT Z=INV(2)>

3060 MAT T=Z#A

3065 H3=SAR(T(1)~24T(20~2>
307e Ui=W1+TC1)

3075 W2=W2+4TC2)

30880 IF W3>1E6 THEN 3165
3085 IF W3<1 THEN 3100

3050 NEXT S2

3095 GOTO 31cS

3100 19=0

3185 HW5=W6=0

3110 FOR Si=1 TO Maxpatt
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3115 IF R(51>%K(S13>=0 THEN 3130
3120 WS=V(S1)~2+WS
312S WE=WE+1
3130 NEXT S1
3135 S=0
3140 IF W6=2 THEN 3150
3145 S=SOR(WS/CW6-2)>)
3150 Y=W1
3155 X=W2
3160 GOTO 3190
3165 IF (X=X7) AND (y=Y7> THEN 3185
3170 X=X?
3175 Y=v?
3150 GOTO 2775
319% 19=1
3190 RETURN
The following parameters are passed on from the main program :
X = first approx. value for Easting
Y = first approx. value for Northing
R (i) = Range/Hyperbolic/Linear pattern value for pattern i
K (i) = Pattern on/off array (0 or 1)
D (i) = Zero or delay correction for pattern i
G (i) = Fixed zero or delay value for pattern i
C (i) = Propagation velocity (or factor) for pattern i
F (i) = Comparison frequency for pattern i
B (i) = Baseline distance pattern i
P (i, 9) = type of pattern : 1 = hyperbolic, 2 = range, 3 = linear
P (i, 10) = Northing of Slave beacon

P (i, 11) = Easting of Master beacon

PG4 12) =
P, 13) =
YO =

XO =

Qo0 =
A=

E2 =

KO =

Northing of Master beacon
Easling of Master beacon

False Northing

False Easting

Latitude Origin (radians)
Semi-major axis of spheroid
Excentricity to power 2

Scale factor at central meridian



OFFSHORE POSITIONING SURVEYS 53

Appendix B

User Instruections
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| K| 7o wrike doleo core/ neamcad s- 1]
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Program Deseription

Program Tite THRELE RANGE FPOStTIONING -~ PRe&R
Neme ir. T.G. Riemersrre ./ C. Ayce Dwe /. .2.79
aAdiess Shet/ Iwlerna boaonase Crotewm SHooltsckatyy EL/re

City £he /)’&Jue Siate NelfSer/oc/s To Cote

Program Oescription, Equations, Variables, eic.
Pocpeie ¢ bo colanlole T /7 cuordsmedes Sfrom 2-F ',-r//m ronges,

Trome € - Slalion coerdisrers (rn merers) , (C-a) values, Lewes ﬁdj;r
RxrS Spherard , inverse /4((:»/7 Spheraics/, sct facrter
é origin , faltie Fas €iry °, 2ppron o lilude Jor ce~dre
area , mr!lin, 2 €oi€ing of Smprox. mas. Lo slart
rleratfrers . 7~/‘)¢/n'o—v ve/aci€y /ac/nr(l'/ao( wieel =21)
Can ofsmbe cuseod & converd ranges Lo meters.

Ovéput: 7Re prodiuced dalew cond 7 rc;-u'n/,; o9 rame
7HAREE HRANGE PPOR 4T IONIAIG ~ CAALC

Earoalze - ’6‘¢°¢/¢J,’ ‘r Cr. Bc’wﬁna/ TR cotilion o 5€s -5hs

ba ol 1= 0/f) els (25-6) /5"
Ra Vpv - a.Vo-e9) /(/-e’:sz;v"(p,_)

The values A, , &£, ard é?zlﬂ,zarg L’rw//e”!A
on dhe olale carel le dhe Compulation orogra s,
ogedlher wibd stulion Aals , (€C-0) correclions and
/»./-a)o//aq re/ecv‘(, /-v:./an

Operating Limits snd Warnings e o gram 45 idses’ Ow Hhe cse
P~ Transverse  /7¢rcofor coo~dlinwdes, bud
cowlad be 70 cl///e'a/ /Qr wie wilh olfar /rv'
Sysfem coordlireler.
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 um HBl Zowal slotirn corsd a7 X 55
02 -6 ® al_2fo 056 RCLe 36 08
o3 4 'y 855  xt 53
84 x -3 Commatolion of 868 - -45
”s ! ] e lmcoturts 8631 RCi6 36 06
006 ’ 3 62  x2 53
0 -8% 83 s
w8 STOI 35 46 064  STO0® 3 Go
209 Ré -3 Slore coordimates: 965 1 p é) / i
818  ST0; 35 45 ~, 866 ENT* -‘z
011 DSZI 16 25 46 867  RCLO 36 oe
M2 M =31 88 - -45
0131 ST0; 3545 869 b 54
o4 RN 2 878 #CL6 36 65
U5 BB 2 12 [Zewul (C-o) values 871 > -35
816 P 16-51 @72 ENT? -zt
817 STOD 35 14 873 1 61
e m -31 é74  P3S i6-51
819 sT08 35 8¢ 675 ROL4 36 84
°e [ -3 Slore - e F28 16-5;
21 Ssr0s 3 a7 SIN 4
822 P3S 1651 8 Xz 53
23 RN 2 79 RCLO 36 gé
024 oBLb 21 16 1i | Tnsut velocits focdor ese -3
025 S5T03 3565 o 081 - -45
26 R 2 882 : -24 2
027 a2t 13 7 ahers 883 xe 53 R=zeMr-ey /.
28 P 16-51 : 284 K es <
029 STOE 3315 A > 7o ass -35 G-t smwg)
Qo M -3 ° 06 RCLi 36 81
o1 STl 350 | 4, T £
82 m -3 888 X -35
o3 TR I |y 889 5702 35 6z et
7! -1 @98 P:s 151 5 .R%,
05 sT06 Ie6 | 891  poL3 3 63
036 P 16-5! 852 P2§ 16-51
937 RW 2 | 893 ENTT -zi
€38 sBLD 21 14 | Towal aaprex . par. 854  PRCLE 36 i3 -
029 ST06 35 o6 —;ME 95 - = 105 (corresbida)
(] RS - -~ 8% §T0R 35 ee
841 S105 IS |y 897  Pp2s 1651 o v
"2 R - [ ReL3 898  RTN P M
843 STO4  3IF e X # o 855 eLBLE 21 ;5
o4 1 D 188 #DTA i6-6i 2 <Ad
™5 stz 3563 G708 B RIN 2¢ WaaE DATA cACd
846 olBLO 21 o8 EAL S AT AONAS 182 sLBLe 21 i6 15
&7  Prs 16-51 163 1 a1
948 1 0 104 3 a3 BRiNT DAIA
849  ENTY -21 185 STl 35 45
#58 RCLA 3611 186 1 1
ot 1 52 187 sT08 5 @8
"2 - 45 188 wiELL i1 01
3 RCLE 36 66 185 POLO 36 8@
054 ' -14
3 36 45
056 -i4
7
Nz & (< ~O/ 2
' rnclireck
Eo S dore Countber
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Program Listing

STEP  KEY ENTRY KEY COOE £SBe COMMENTS
13 ISZT d6 lo &F 1.8 ooy TEST DATA
114 N 3¢ 4% §843852.22 91
1E FRTE -4 449172.88 Iy 84107' owry,
116 ISZi 16 i6 9 8.00 a4
n- o RoLi 36 5f
118 FETX -1% 2.88 ner
e SFC 16-1: §576774.89 an
126 1 0! 366618.93 34
121 £T+@  35-55 @0 0.08 sy
122 IID 1€ i6 &8
121 iSII 16 i6 €€ 2,08 w1
124 oriH 3¢ e 5541866.31 >
125 4 X - 349334.41 2ex
126 x=v? 16-33 0.08 onr
127 §T02 22 ac
128 6701 e 6376388, 06 23
129 siBoZ 21 02 297.60 21
136 P3S i6-51 0.999600000 11
133 FCLE 36 66 S00000.68 21
132 PRTY -14
133 PLLk I 1! [ 1.08 aws
13¢  PRT: -id4 [
s JSP9 -3 B { 60.80 sny
136 RCLI 3€ o1 { 5458006,00 te1
127 PRTE -4 { 420000.88 a3
13¢ 03F: -63 62 !
135 PCLE 36 15 INPGT 488 @
146 FaTX b 5563052, 22 ENT* Lo Regirder pri
14 F28 16-51 449172.93 ENTY 6.9 Sesier pron
142 SFL 1é-11 1.68 oSR¢ 1.0 2
143 RCL3 36 62 < T4 €60.00 4
$576774,89 ENT
144 FRTX -4 366418, 93 ENTY 5486000.06 5
145 aPC 16-11 2. '9, csBs 420000.88 ¢
146 RUL4 36 a4 T eee 7
el §541866.21 E
147 BETY -14 749334, 41 ENT* s.00 &8
148 RCLS 36 @5 s 8.0 3
3.0@ ¢SP
143 PRTX -14 .86 ENT? 297.08 @
156 RCi6 36 &€ 5541866.31 B
- .98 ENT1
15¢ PRTX ~14 8.88 GSBE 3493441 C
152 ¢FC 16-11 T 6.08 D
: 6378388. 08 ENTY
153 RIN 3 297,68 EWTY e000e.00 €
154 R/8 S1 . 9996 ENTY 2.0 !
500000. 00 CSE( pse
€8.88 ENTY PREE
5488000, 60 ENT1
420000, 8@ SSBL TAPEA;. 65 @
€SPE 185 :
160 b
2.447295601-14 2
£503°582,22 3
44917068 4
6.86 S
€I75366.88 €
5576774.83 7
5864:9.93 8
0.0 5
LABELS LAGS SET STATUS _
el (c -o) [t Eanpeox rosl 5735 %nta|” FLAGS __ TRIG Dise
a b veZog. £, £ 1 ON OFF
Y A 7 on 0] oes o rx of
0 S7h 1 2 3 4 1+ 00 GRAD O sct O
2 00| RAD O ENG O
S 7 TS l'i 3 s0o0 n




OFFSHORE POSITIONING SURVEYS

User Instruections

THREE RANGE [FOSITIONING ~ CALC

1 Pwies  MEW NEw
7,2,3

vewoerTY A, 4 -0
ACTON Po os/ (/ ;J

MW

P

57

NPUT
DATAUNITS

i

LORA DATA cARD FAOLT SRES!

o
RUN LPROGARAI PRERS

Lotd FRIGCHAY CARD., cNG

LN PlrZ PAINGE 4 or O

OANGE L or O

RANGSE .2 or O

OuzlouZ: — Aesiclusnl ¢

Hrcictienl R
LS ritivd A rd

Slanclerd’ Deviwlinsm

A/arl‘él{'/’
o (;

™ 4

Y 2

» . . —
barl calowsalean w'V be reweated
e

LA ntw value

et . ey

&

of s

A Y]

MOORHO00RO00000000RRRN0U00L

2a Sesr/o Ao 4

N
L

wild races valae.,

OWTPUT TEST DA7R:

M

-~ am o=

[

I

0000

|
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Program Desecription

Program Tide TIREE RANGE [COSr7roOn/NG - CALC

Neme b T.&. Rremersme S C. 7P yce Pe /.3.79
rows ShelV In€ernationale Folro/cum /loslschasgmwy i
cry dhe //ajue, State NE £k er/andls ZipCose

ove 7 do colomtobe s
Turmoge 3 o celcws/ole 777 coordlrinales from 2-3 rangece

éng lher wibh dhe slandord Ien{'g'//o'» s .r/;-’)/elaé}m
{&(4‘0/ . L et SGueres l/f/h} varse&ior o/ coordiveks mwebhod|

Jneat'.' Dafa card Srom rogram, PR, amd 2-3 rornges,
Owlr's nalr’ ~ge s ,Z\’/djd ow VC/GCI'I{/ , (€2 a{c/
Plww jlorebeon sla~t o 2l

Larmube.: Geodesy by &G Bompord, 7Hirc’ edttosnr, fo.2s
2 = coa'rc{//ca/f'o‘:erwe{’a ‘alis bomce P8 / 7
& = cd/cy/.v/e/fl'a’ atsbrnce ?J’/A/»‘qf, e 2tatbosn)
L« {/?angf{f-oy./v‘k .
Limwe scd c/acl‘or < o ¢a/cu/4(e¢//r¢m s . 2
Kos b (10 ) e (o)) 2 (E-8) D ) 6. REA,
& rva ¥ s00p egz;élo».: .
V%) /) T = (o Es) ) I = (R A
© /S Irvad, eouwllorrs
é( bhe observalion cyqa/rin i odv ré.de = &
Ehen bhbe normal egusfioms ore -
Sad. IV r Tab. J& = Za.¢
Tob.dnv + T 6.6 =3I b.c
o which v wre’ J& cav Le so0lved
Standard’ Hevialror . 2 = VZf-r-/(n—-z)

s resicual , e 77 of poflcros.

Opersting Limits and Warnings /. Co botsor Lime / €0 2 mirdes pem pocint

L Calews/o&or 75 b@rec’/ o 777 project/ors <rma con be
/"oa’?(/é//{w- ochc— /om/'«-//a'r.'l . ﬂe/a/r: é:u/h") st
be &2 O or @ muldiek of /00O . 7o swve sEorvee

bc /a/.re Eosconp 73 SCoreef fye/»frr wwef bfhe velocidy
@c For

2. ‘Compu tatoon far Seem wied saccesfulty wirt rompes F00 A .
A A o i i v At v Sl il

7




OFFSHORE POSITIONING SURVEYS

TP KEY ENTRY KEY CODR COMMENTS sTeP KEY ENTRY KEY CODE COMNENTS
Bl s E- il npaf ran T R TH T
ez ST0E 3515 & o5 ROLI 3 el
07 F. ST €59 STT 35-55 5
o0 i 351 3 #6 RCL4 36 04
o5 o -31 061 STic IS5 a5 | Upeake 5 é{"""’
ST P %2 Pz 382 Wos, Em
sev e mae |4 % i o
85 F:c 16-5: 84 Vv 16-TS of vechor 5 /
a5 cre 152290 | %5 08 22 68 repest ‘Coke.
Of wPL0 160 |START cogrimaATRA. %:  SFe 1721 8o
ol @ &8 6 oo 2z 68
0z fTe 3% éc 065 siBLi 21 a4 Y
0z e e o6s it sse; | Eoeask o ead
014 €70Z I8 Porms/ apaatonns 878 2 22
815 C7 ez | slere clemrd 01 v 1633
#16 08 1564 072 otes oz es
0: : 8 077 RO 3 02 COHecntobe slondkv
o168 & 08 VR, % | s
81 STOI 35 46 v 975 FRTI -14
028 850 2301 4 s obw ey 076 xLBLS 21 0% te /s |
021 : az 877 ROLS 36 6f g \
022 n ée e FETY T P {
823 <TC1 3T 4c y 09 PTLE 366 !
024 51 3e: |2 bsv e 880 PRTY e
o2t 2 02 081 Pr 16-11 '
82¢ ‘ a4 ez oT 4
P (O 082 BT 20 | A sesudimn
8¢ csBr 23! Rbfs obw ep. PR -5 S
025 F&T 16 23 80 Sk s 2
8% Tc:  zzes omch S et 206 | et A e cvege
851 FCLe 3 ee comp ’iuy 36 <5 Ay
032 ’RLI 366! 16-43
&7 24 24
034 STrI 35-35 é: Selve rrrmal 3. 16 25 4¢
05 Tz 35-35 84 ) i€ 25 45
8% ROL: 3 6. v ontde o 36 45
037 IT-2 I5-4%5 8: sbore 3 and & 23 8 Er - €
o3 L7 36 62 -5
035 T-¢ 75-45 64 53
Me RCL2 el 16-63
1 ITiq 35-24 64 % 86
2 RIL! 3¢ 8! 23 82 Ep-Eo
M3 ROl e ed i
7 -zs -35
M5 ET-3 T5-45 67 16-€3
M6 POLG 3¢ 6D 53
847 STT 35-24 83 -55
M8 RCL3 36 03 -41
M° RCLs 3664 3
s o 34 -55
851 sICz 3me2 16-%1
02 PSE 165 | veeher diiphy s | K (’*(&-
g U |G EE)s
< ¢ 86 ‘ -5 (e‘,-s)"}/ ' & A
056 YD 1635 | Bramel if vechar )20 36 2

ab (s bb

RE
‘sée

o
A,

" Lsnye

S$aa [s
e p [ Ko [0
2 £

T/v

£
c

£
[ &
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Program Listing

STEP KEY ENTRY KEY CODE sTEP KEY ENTRY KEY CODE COMMENTS
113 > -3t 169 ENT* =21 SGorc rmew wchocrt
14 ez 165 76 sk @mez |l 4
115 ISCT 16 26 45 121 Pz ps-sf | Tl ,
1€ Foli 36 45 72 g 3 et /2T Eermehs)
1071521 16 26 4€ 177 j -3
e RCL: 34 [Ra (ran’c #@-o)) 174 €Ted 3I5-55 8¢
s+ -55 R e .
20 oET 23 87 P K 176 00 22 b | SCIF frareid
12 x 3 177 xBLt 2117 e Txe mpreR
12 » = 178 °T06 35 06 ‘r;.,,(,.. 7/
123 05T 1€ 25 45 175 i -3
126 03T 16 25 4€ 18 505 35es .
12f RCi; 36 e€ 181 cTos 2z ap [ S (correchan)
126 ¢l I 48 182 wBLI 21 62
127 - P 183 P25 16-5! f_: ,""/‘/ re
120 stCe 35 66 de 184 PCLE 36 0P iy
128 DSII 1€ 25 <€ 18% ] H
136 RCIS 36 85 186  EEY -23
131 RCLi 36 45 167 .3 &3 (correctin)
132 - 45 188 ¢ -2
133 sTO7 35 o7 v 1ee N 16 34
134 <2 34 19 : 6
175 STer 3524 @7 1o1  Egl -23
136 €70 35-24 @& 1;§ 4 8:
120 e 63t 187 s -3
122 v -41 (R -d) 194 P25 16-51 | €o
139 - ~45 . 195 PTN 24
e F6~ 16 Z7 8B 196 siBL7 2107 -
W CT06 2265 |Brumad f resickoss 197 £i5  16-5: ’a"::‘ vefocely
M2 FOULT T | camm Smsy 198 FrLe 26 80 /S
143 2 -4 198 : o1
14 x ~78 20 £ -27
145 €77 35-55 o7 201 4 Y
146 e gz | EOE 22 4 -z
147 RCLE 36 ar 202 FRC 1€ 44
M - -ze 204 ! e
143 STed 35-55 84 205 EEr -3
150 fcic o wuer |EOE 206 ‘ 94
151 57 207 > = |
152 ST6 35-55 g S ea 206 P 16-51
153 RCIS 36 e 209 PN 24
154 v 57 256 wBiL 2114 |Tm — e
155 e messer | o g 21 P 16-51 < (€97
1€ /LY 35 o7 212 err 35 14
157 POl 36 88 23 ke -31
156+ -35 214 ST05 3583
158 STel 35-55 @ Toé 215 R -3
168 FTY 24 216 STOE 35 85
161 #.BLE 21 B6 | Prind resicwed 17 P2 16-50_ N comg gorrect
162 PRTY 4 Ve e 28 €706 22 06 # Gorrection)
163 s s3 7073,73 218 RS 51
164 STed 35-S5 B0 s rr =5
165 ! al
166 €T+1 35-55 @i ”
167 P18 :
168 4LEL8 21 1Z
LABELS FLAGS SET STATUS
vatocsry [(al8dex | (&% s FLAGS __ TRIG oisp
. N ° ¢ ’ ' 0[54 05‘ DEG | Fix o
o
0 1 & 2 & 3 w~o 4 o 1 00 GRAD D sc O
COrv/™ LYY
(hger g o 2 00| Rao D ENa D
¥ i 3 00 n




