INTERSECTION OF
HYPERBOLAE ON THE EARTH
N. STUIFBERGEN
December 1980



PREFACE

In order to make our extensive series of technical reports more readily available, we have
scanned the old master copies and produced electronic versions in Portable Document
Format. The quality of the images varies depending on the quality of the originals. The
images have not been converted to searchable text.



INTERSECTION OF HYPERBOLAE ON THE EARTH

by

Nicholas H.J. Stuifbergen

Department of Surveying Engineering
Faculty of Engineering
UNIVERSITY OF NEW BRUNSWICK
Fredericten, New Brunswick, Canada

December 1980



PREFACE

This report is an unaltered pointing of the
author's senior undergraduate technical report, submitted
to this department as part of the requirement for the
course SE 4711.

ii



ABSTRACT

Several methods are discussed of sclving for the pcint of
intersection of a pair of hyperbolic lines of positicn as
generated by commonly used radionavigation systems e.g.
Decca, Lecran-C, Omega, Syledis, Raydist or HiFix.

Beth the plane and the spherical problem are treated by
the well-kncwn iterative technique and by a direct
trigonometrical soclution. Numercus analogies are apparent
between the plane and the spherical scolutions.

For the direct method on the ellipsoid, a new and easier
solution is presented. Notably, gecdetic positions on the
ellipsocid are calculated accurately for very long lines by
spherical trigoncmetric formulae.

Numerical examples to test the algorithms and a set of

Fortran routines are included. The results are verified by
Vincenty's geodetic inverse formula.
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Chapter 1
INTRODUCTION

This report deals with the computational problem cf
determining the point of intersection of a pair of
hyperbolic position 1lines on the earth's surface. These
lines of position (LOP's) are generated by many of the
electronic navigation systems operating today, fer which a
shipbocard receiver measures the difference between arrival
times of radio signals transmitted in synchronism from pairs
of stations ashore.

A number of algorithms exist to solve the hyperbolic
positioning problem. The most commenly used methods are
iterative which, with mincr wvariations, operate by 2
trial-and errcr method. Beginning with an initial estimated
point, the pcsition 1is repeatedly improved by a correctiocn
vector, calculated using a local linear approximation of the
pattern geometry, until the position found satisfies the
observations. This technique is widely wused for its
simplicity, but has the drawback cf scmetimes converging on
the wrong soluticon or diverging altogether. A versicn of the
iterative method is described in this report and
demonstrated in Fertran.

The 'direct methods' are rarely employed in practice.
They are troublesome in a computer, with algorithms which
are complicated and obscure. Few users seem to understand
them. Typically they are based cn a spherical
approximation, with a mean sphere chosen toc represent the
local curvature of the ellipscid in the working area. For
the earlier, 1less accurate systems this approximation 1is
quite adequate.



In this report a direct methcd is derived which doces nct
make use of a mean best-fit sphere. Instead positions are
fcund cn the ellipsoid directly, by mocdifying the measured
hyperbclae with ellipsoid correcticn terms and solving the
problem on an auxiliary sphere. The modifying terms are such
that the resulting 1latitude and 1longitude found on the
auxiliary sphere are 1identical in value to the gecdetic
position of the point on the ellipsocid. In this way
spherical trigonometric formulae can be used to calculate
gecdetic positions.

The Fortran program shown generates precise, fictitious
observations for each test pcint, using Vincenty's geodetic
inverse formula, and tests the direct solution by
reproducing the latitude and 1longitude c¢f the given test
pcint.

In order to test the same idea in a simpler reference
frame, the iterative and direct method are alsc developed
for the plane solution and tested in Fortran. The
cbservations are similarly mcdified, here to correspond to
the auxiliary plane o¢f the chosen map projection. This
technique of computing on a plane of projection is widely
used by surveyors, enabling them to use plane trigoncmetry
for co-ordinate computations on a curved earth.



HYPERBOLIC POSITION LINES

FIGURE 1.
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Chapter 2

HYPERBOLIC POSITIONING SYSTEMS

A large number of positioning systems are based on the
principle of 1location by intersecting hyperbolae. In the
First World War this was the technique employed to find the
location of distant artillery fire. The differences in time
of arrival of the sound of a cannon burst taken between
three separated listening posts were used tc determine the
position of enemy guns. The wmilitary still wuse this
technique, known as "sound ranging by hyperbolae". In World
War II a system known as Consol was operational; it cleverly
generated a radial fan of position 1lines, observed by
listening to an ordinary radio receiver. By counting the
dots vs. dashes received from a closely spaced dipole of
interfering transmitters, the navigator could locate himself
on a particular radial LOP of the station. The radial
pattern results from the degenerate form assumed by the
family of  hyperbolae when the focal points at the
transmitter masts are very close together.

In 1945 the first modern hyperbolic system, Decca, became
operational, followed shortly after by Loran-A. Since then a
large number of systems have been developed. In the LF band
we now have operating: Decca, Loran-C, Loran-D , AccuFix
and Pulse-8. With the effectiveness of Loran-C proven, the
Loran-A system in the HF band, is now in the process of
being dismantled. Loran-B was a development which did not
proceed past the experimental stage.

In the VLF band a world-wide system, Omega, operating at
frequencies between 10.2-13.6 kHz provides coverage in all
ocean areas from eight transmitter stations. An earlier VLF
system, DECTRA (now dismantled), extended across the North
Atlantic to guide airline traffic.

In the low HF band, around 2 mHz, a considerable number
of short and medium range systems operate to provide
radiolocation coverage near land for hydrographic survey,
exploration work, dredging projects and harbour



construction. Examples are: HiFix, MiniFix, RayDist in
several versions, Toran, Lorac, Radan and Argo.

Recently, a very light-weight system, SYLEDIS ( Systeme
Legere de Distance) operating at 420 mHz (UHF) became
available. Using a tropo-scatter propagaticn phenomenon,
and correlation detection on faint signals, cperating ranges
of up to 400 km are attained with relatively low-power (200
Watt) transmitters. ( Nard et al,1979)

An example of a typical pattern of position 1lines
generated by a hyperbolic system is shown in diagram form in
figure 1 . An excerpt from an ocean navigation chart for
the Loran-C system used by ships and aircraft show (figure
2) the lineal pattern of position lines for an area in the
mid-Atlantic; highly curved hyperbclae in the neighbourhood
of the transmitter at Cape Race, Newfoundland, are shown in
figure 3

An important related problem, not at all trivial, is that
of an efficient algorithm to generate these position lines
by computer in a form suitable for chart compilation.

For the purpcse of developing a computational method an
ideal hyperbolic navigation system is presumed, with a black
box receiver which displays the time-of-arrival differences
in units c¢f metres. It 1is assumed toc produce values which
represent the difference in 1length between the geodetic
lines from the ship to each shore station. With this
presumption we avoid all of the peculiar technicalities,
which differ from one system tc the next, and leave aside
issues such as the effective velocity o¢of propagation,
locking constants or emission delays, non-linear phase lag
effects, calibration constants, skywave correcticns
,overland signal path effects etec. All of these are assumed
to be compensated for automatically in our hypothetical
ideal receiver.



Chapter 3

GEODETIC INVERSE COMPUTATIONS

A basic building block of geodetic computations is the
geodetic inverse algorithm, the calculation that yields the
geodetic azimuth and distance between two points defined in
latitude and 1longitude on the reference ellipsoid. 1Its
counterpart, the geodetic forward or direct problem , arises
less often for the long lines of navigational computations.
The direct problem consists of finding the geodetic latitude
and longitude of a point B, given the position of point A
and the geodetic distance and azimuth from A to B.

For this pair of problems a considerable number of
algorithms have been devised. Jank & Kivoija (1980) put the
number as high as 50. To name a few, we have: Helmert's
formula, Bessels formula, Gauss' formulae, Sodano's methods,
the method of Levallois & Dupuy, Lilly's formula, Robbins'
formula, Puissants formula ( U.S. Coast & Geodetic Survey),
Clarke's formulae, the Rainsford method, ete

(Bomford,1973). The 1list is a long 1litany; each
organisation seemingly tends to favour a particular
algorithm. Scme of the methods are variations of the same
basic approcach. The geodetic inverse formulae <can be
conveniently classified as either "short", "medium" or "long
line"™ formulae, roughly according to the distance at which
they begin to fail.

For this application two other formulae were selected:
Vincenty's method, a precise, efficient and proven long-line
formula for which the program was conveniently available
(Vincenty,1975); the second, the Andoyer-Lambert formula is
relatively simple, of lower accuracy ( errors of up to 50
metres in long lines) with an an approach to the problem
which makes it particularly suitable for this application.

A refinement due to Forsythe, has produced a versicn, now
known as the Forsythe-Andoyer-Lambert formula with errors
in the approximation of the distance amounting to about one
metre for very long lines.



In this report the Andoyer-Lambert method is made use c¢f
for the hyperbolic 1intersecticn problem. The detailed
explanation and derivation by (Thomas,1965) together with
the algorithm by Razin (1967), further explained by Fell
(1975), lead naturally to the approcach taken here tc solving
the hyperbolic intersection problem on the ellipsocoid.
Vincenty's method is used as a standard to test the accuracy
of the direct solution on the ellipsoid.

3.1 FORSYTHE-ANDOYER-LAMBERT FORMULAE

The Andocyer-Lambert method consists of calculating a
spherical arc length on an auxiliary sphere ¢f radius a, the
ellipsoid major axis semi-diameter, and applying correction
terms to find the distance corresponding to the ellipsoidal
arc. The second correction is Forsythe's term.
(Thomas, 1965)

The formula for the distance s in metres:

s = a( d+ f Ad )

f= 1/ 294.9787 (Flattening)
a=5378 206.4 m. ( Clarke 1866 ellipsocid)

The spherical arc d is found by the cosine law:

cosd= sin@ sind+ cos@, cos Ps cOS(A,=2g)

The flattening correction terms: aAd = Ad,+Adz
Ady= "(Xd -3Y5ind)/4 -
X=P*Q Y=P-@

2 . ) .
P = (Sir;p& + :ﬁ}1¢%) Q@ = (sin ¢ -nsn1q%)2
1 + cosd 1 - cosd

Ad,= f(AX + BY +cx*+ oXY + EYz)/Izs
A = 64d +16d/tand

D = 48sind + 8dfsind



B = -2D E = 30 sin 2d
2
cC = -{3Chd f‘gc{/?unc{ + E/2)

Note that in the cosine law above the "spherical arc"
length is obtained by entering gecdetic latitudes into a
spherical formula. The correction terms are matched to the

data type (geodetic) to yield the proper ellipscidal arec
length.

A second version of the Andoyer-Lambert formulae exists
which accepts parametric latitudes in the cosine law and
uses a slightly different correction formula to match.

The parametric latitudes 6 are related to geodetic
latitudes ¢ by the formula:
tan® _ &
tan'® a

The conversion to parametric latitudes, ¢f the transmitter
stations, and the conversion back to geodetic of the ship's
position at each fix, as indicated by (Razin,1967) , and
described by (Kayton & Fried,1971), can be avoided.

3.2 A NUMERICAL PITFALL OF THE COSINE LAW

The spherical cosine law breaks down at short distances,
due to truncation effects of finite precision arithmetic in
the computer.

In the table below, the effect of chopping all but the
six most significant decimal digits at each step is shown
for the calculation of

d' = arcos( cos( d))

At 10 km from the transmitter station, the error due to
this truncation amounts to 10%.

10
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TABLE 1

Truncation Error in Short Lines

- - > w> > > M W > WD P TS M W Wy G S G G W W S S S G W WS R S NP P MR WS WS T M NP Mh L W A W W e W W W T M W W W W e W =
P oo inciee e e =i e e e e e e R R R R

Dist. d Cos d Dist. Error Rel.
Km. radians km. m. Err.
1000 0.156784 0.987735 999.982 18 18 ppm

100 0.0156784 0.999877 100.390 39 0.04 %
20 0.00313568 0.999995 20.1790 170 0.85 %
10 0.00156784 0.999999 9.020 980 9.9 %

This type of problem buried in the code of a computer
program could cause much trouble., Forsythe et al (1977,pp
20-23) show how even the lowly quadratic equation solver can
break down in the computer. It is the type of problem that
could easily be missed when testing with a variety of data
values to verify an algorithm; only a careful analysis
could uncover such flaws with any certainty.

3.3 ALTERNATIVES TO THE COSINE LAW

The arc length can be precisely found at any distance by
a formulation in X,Y,Z differences:

AX = cos @, cosar - cos s
AY = cos @ simax
AZ = sin ¢g - sin @,

Chord c: c? = (ax) =+ (aY) + (aZ)*
Arc J4: sin(df) = <z —

A second alternative, a half-angle formula,
is useful:

2

¢m ’(¢4*¢3)/2 A¢g¢2‘-¢5

AA = As—2Ag

2 2
. A -1
sin*d = (sin4fcosSP) +(sin’F cos %)



This form of the expression resembles Pythagoras'
theorem. In a pocket programmable calculator one could use
the "Rect-to-Polar" key to save steps.

Numerous simplifications in the correction terms alsoc can
be found by working out the expressions with half-angle
substitutions.

3.4 APPLICATION OF THE ANDOYER-LAMBERT CORRECTIONS

The Andoyer-Lambert inverse formula is particularly
suitable for electronic positioning problems, because of the
simple form of the expression for the ellipsoidal arec
distance which still yields adequate precision. The maximum
errcr of 50 metres ( only on very long lines )is well within
the magnitude of the error that usually occurs 1in the
measurement.

The observed quantities, distance differences in the case
of a hyperbolic system, are measured on the surface of the
ellipsoid. If the sphere-to-ellipsoid corrections of the
Andoyer-Lambert method are applied 1in reverse to the
measurements, converting them to corresponding spherical
quantities, then spherical trigonometric formulae can be
applied. With wvalid spherical formulae between geodetic
positions, any spherical latitudes and longitudes calculated
with the corrected wmeasurements are in fact geodetic
positions. Thus the basis of the Andoyer-Lambert method
leads to a significant simplification in the determinaticn
of geodetic positions. The problem of mapping a solution on
an auxiliary sphere back to the ellipsocid doces not arise.

Initially an approximate position of the ship is needed

to evaluate the ellipsoid corrections. But to find the
position , one needs to have the corrections. Thus the
method, here named a direct method, is not quite
non-iterative. Because the ellipsoid corrections vary

slowly with position their values at a nearby previocus fix
are close, so that each fix calculation practically amounts
to a single cycle of iteration.

In practice an approximate position is anyway needed , to
apply the necessary corrections for known or estimated
non-linear propagation effects.

12



A set of test 1lines,
kilometres in 1length, are
following to compare the

with Vincenty's geodetic inverse formula.

ranging

between

shown calculated
Forsythe-Andoyer-Lambert method
The distances are

2500

and 7500
in the table

shown for comparison in table 3 for the lines between test
points shown in table 2 .

TABLE 3

Forsythe-Andoyer-Lambert Inverse Distance Checks

Comparison of the Forsythe-Andoyer-Lambert inverse formula

Major semi-axis:

a=6378 206.4
Distances in metres

with Vincenty's Formula

Flattening

f= 1/294.9787

13

B L C o o E o o o m o o e i o o o i e e e e e e e e e o =

Vincenty Diff.

Test Spherical
Line Distance

1 M-A T7397470.4

2 M-B 5509779.1

3 M-P 3104240.9

4 P-M 3104240.9

5 P-A 8349052.6

6 P-B 2591961.3

Corr'ns
4ad,

-35918.4

+2167.9

+57.9

+57.9

~44813.2

2766.0

+
(S}
n
n

+20.9

-1.9

Forsythe-
And-Lamb.

7396234.28
5511943.95
3104298.11
3104298.11
8304660.33

2594725, 46

Gec=-Inv.

234,

943.

298.

298

660.

40

97

13

.13

40

.45

( m.)

-0.12

-0.02

-0.02

-0.02

-0.07

+0.01

- = - - - - - D D D D W D - - D D - - - - D =h =D - - - —— - ———



TABLE 2

Test Point Locations

Geodetic Positions of Test Points

Clarke 1866 Ellipsoid

- W o W e TS > . W D - WS W W W W D W T WD AW W W W WD W e am e > e S > > > > - o . - - =
P g e i e = e i i i i e i e oo e e iee =y

Point Latitude Longitude Station

1T M N 30-00 E 00-00 Master Transmitter
2 A S 30-00 E 30-00 Slave A

3 B N 60-00 E 60-00 Slave B

4y p N 45-00 E 30-00 Ship position

An elaborate comparison of geodetic 1line formulae was
rarried out by Delorme(1978). Sodano's Fourth Method,
Robbins' formula, Vincenty's formula, the Andoyer-Lambert
and the Forsythe-Andoyer-Lambert methods were tested for

speed and accuracy against benchmark data, a set of test
lines published by ACIC(1959).

Vincenty's gecdetic inverse is shown coded in Fortran in
the appendix as subroutine VININ; the Andcyer-Lambert
formula with Forsythe's second-order correction terms added
is contained in subroutine FADLM.

14



Chapter 4
DIRECT SOLUTION IN THE PLANE

4.1 PROBLEM STATEMENT

S2
b2
M
NN
KM
!
M
A
\ ’b .:N
Y, <. g
(3]
G,
Vo,
\\
N\ .
S m + hy N\ P
\

Figure 4: 1Intersection of Plane Hyperbolae

GIVEN:

The hyperbolic chain configuration defined by:

-the baseline lengths b, and b, (metres grid distance)
-the included grid angle 2M at Master

-the observed hyperbolae h, and h, (in units of metres)
The hyperbolae are taken as: 2 =8-m

( "Slave-minus-Master" convention )

REQUIRED: The angle A and distance m (=MP).

- 15 -



4.2 DERIVATION

The solution by plane geometry assumes an 1ideal flat
earth model. 1In practice the effect of earth curvature must

be taken intoc account, by means of the projection scale
factor.

In this derivation the —computation steps are shown
interspersed as Fortran code segments.

Applying the cosine law to each of the triangles MPS, and

2z
(m-f-h) = 52 = m2?2 +b% -2ml cosx

m? +2mh +»h2 = m? + 5 -2ml cosx

Cancelling and re-arranging,

2mh +2mécosx = Z%-A°
2m(h +&cosx) = 27-h°
Divide by b and isolate cos €& ,
m[% * osx) = (éz—ﬁz)/Zé
cos o« = (Im)(EH)ze - (%)
Substitute new variables,
M +2A = &, M-A =,
X = Ym

A; = (é;z-/z‘«z)/Zé,- B; = ’h"/é.- e £ = 1,2
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We obtain a pair of equations, one for each triangle,
cos (M+2) = AX * 5

cos (M-1) = A, X +5;

in which the unknowns are X and X\

Fortran Code Segment

A1 = (BASE1-HYP1)¥*(BASE1+HYP1)/(2.0%BASE1)
A2 = (BASE2-HYP2)*(BASE2+HYP2)/(2.0%¥BASE2)
B1 = -HYP1/BASE1
B2 = -HYP2/BASE2

Expanding the ¢os (M#)) and ces(m=-A) terms,
cos McosA - sin Msind = A X + 5,

cos M cosA +sinMsinAd = A X+ 5,
Adding and subtracting equations,

2cosM cosd = (A, +A2)X + (B, +B:)

-2 sinM sina = (A -A)X + (B, -5B:)

Substituting new variables P and Q:

F = (A +A;)/z P = (A ‘Az)/z
Ql‘(@*aﬁﬁ’ Qz=(5'5JQ
We have.

cos McosA = A X + @
-sin M sinA = A

X
Multiplying equaticns b f; and /3 respectively, and

y
subtracting to eliminate X,
F, cosM cosA = A A

£ cos McosA + £ sin Msin

)
]
D
;04
|
)
o
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Substitute new variables U,V and D:

U = A cosM vV = 65;'7/‘4
O = @01 -£ @,

Fortran Code Segment

P1 = (A1+A2)/2.0; Q1 = (B1+B2)/2.0

P2 = (A1-A2)/2.0; Q2 = (B1-B2)/2.0

U = P2¥COS(AMS/2.0); V = P1*¥SIN(AMS/2.0)

D = P2%¥Q1 - P1¥Q2

The expression,
U cosA + VsinA =D

can be cast in the form, | ‘
R sin ¢ cosA + R cos $ sinA =D

in which R and ¢ are a polar representation of the
rectangular elements U and V i.e.

U = Rsinp  V=Rces

Solving, P = arctan (U/V)

R = Using + Vcos¢

( The double division // is meant to dencote the 4d-quadrant
resolution of the arc-tan function)

Divide by R,

Sin @ cosA *» cos P sind = DI

sin [¢+A) = DJR



For D/R > 1.00 no solution exists; the pair of hyperboclae do
not intersect.

Let § = & +\
Dfg = smO = sin (m-6)

A, = @—¢

A, = T -0 -

&

Or:
A; = arcsm {D/R)‘, - arctan (U)V)

Two possible values of A are provided by the arc-sine,
corresponding to two possible points of intersection. At
~least one is a valid solution.

Fortran Code Segment

PHI = ATAN2(U,V)
R = U¥SIN(PHI) + V¥*COS(PHI)
THETA= ARSIN( D/R )

ALAM1= THETA - PHI
ALAM2= PI - THETA - PHI

The two values of A are substituted in equation

X *@ = - 510 M sind
Sclving for X

X = -/Oz-ﬁs/nMs/n/I)/@
yields the distance m ( = MP )

m; = -5 /Qz -/-S/hMSl-n/\‘-) e L =1,2

4

For m negative, an invalid solution results,
correspoending to an intersection with a conjugate hyperbola.

19



Fortran Code Segment

DM1
DM2

-P2/( Q2 + SIN(AMS/2.0)*SIN(ALAM1))
-P2/( Q2 + SIN(AMS/2.0)*SIN(ALAM2))

Having solved for the angle A and distance m, the ship's
position is found by a bearing and distance calculation from
Master. The complete algorithm 1is shown as a Fortran
subroutine HYPLAN in the appendix.



4.3 PLANE SOLUTION WITH PROJECTION SCALE FACTOR

To account for the curvature of the earth and to
correctly positionm in the plane co-ordinate system of the
survey projection, the observed hyperbeclic values are to be
converted to their corresponding grid values ( denoted by
primed quantities).

The grid distance d' is found by applying the line scale
factor k to the true ground distance d.

d' = kd = d#/k'l)d = d+ad
Ad = {/;-f)d

To apply the grid corrections Ad to the hyperbolae,

.

h, = s’/ -m'
b" +A’7,— = (S‘- +AS") - (m +4am)

Separating the grid distance from the correction term,
h, = s; -m

oh; = (ki-1) 5 - (ky-1) m

ah; = (k-1)s' - (k,-1)m

The &h being very small quantities, the actual distances
S and m may be replaced by their grid values.The grid
corrections 4h are to be applied to the cbserved h before
entering the direct solution algorithm.

To find an accurate 1line scale factor k, the as yet
unknown pcsition ¢f P 1s needed, at 1least to some
approximation. Thus in practice this direct sclution cannct
be nen-iterative.

21



The wvalues of the 1line scale factors k wvary very
gradually with position, so that in most cases the position

of a previous fix 1is sufficiently close for an adequate
scale factor determination.

The line scale factors calculation, in this example for
the UTM projection, is done by a Fortran subroutine UTSFLN
shown in the appendix. This routine <calls a 1latitude
function XVIII, which is tabulated as a functicn of Northing
in the U.S. Army Map Service UTM tables (AMS,1958), and
represented here by an approximation formula. The formulae
for the UTM and other conformal projections e.g. the
Stereographic and Lambert Conformal Conic projection may be
found in ( Krakiwsky ,1974).

22



Chapter 5
DIRECT SOLUTION ON THE ELLIPSOID

5.1 PROBLEM STATEMENT

m+h

Figure 5: 1Intersection of Spherical Hyperbolae

GIVEN: The hyperbolic chain configuration defined by:
-the baseline lengths b, and b in radians,
-the included spherical angle 2M between baselines,
-and the observed hyperbola h, and h, in radians.

REQUIRED: The angle A and spherical distance m (= M-P).
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!

DERIVATION OF THE SPHERICAL SOLUTION

spherical trigoncmetry, to

5.2

Applying the cosine law of
each of triangles MPS, and MPS,

cos(m+h) = cosécosm + siné sinm cosax

cosm cosh -~sinm sinh = cosbcosm + sin sinm cosct
Dividing by cos m and re-arranging:
cosh-tanmsinh = cosé + tanm sind cos «

S5ind cosx +sinh = -cot m (cosé - cosh)

Divide by sin b, and isoclate cose:

cosX = -cot m| £o3é-cosk) _ sink
sin 6 sin

Using a half-angle substitution: cos x = £ -Zs/‘nzz

o Zé - . 2& .
oS = 4cotm |8 Z —Sin"z | sk
sin$ cosg sind

Substitute new variables
M+A =«, M=A=a, X = cot m

A; = (5/'17236 - sinzzﬁ)/sinzé Coszé

B, = - sin /?;/S/}ré,- viee i =12
We now have a pair of equations:
co.S'(M*A) = A X *85

' with unknowns A and ¥X; the equatigons have the same
form as the plane case and solving for is done in the
For the two values of A¢ , the corresponding

same way.
values of the arc distance m are found by:
fan m; = -‘Pz/{in-.Sl-nMSl-nA“)



Using the azimuth of the bisector and the angle A at
Master, we have the azimuth from Master tc the ship at point
P. With the distance and azimuth, we can then calculate the
latitude and longitude of P by spherical trigonometry. The

resulting spherical answer 1s the geodetic positicon of the
ship.

The parallels between the plane solution, using UTM scale
facter corrections, and the ellipsoid sclution with
Andoyer-Lambert corrections, are striking.

The algorithm shown here is coded as subroutine HYSPH.
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Chapter 6
ITERATIVE METHODS

6.1 ITERATIVE PLANE SOLUTION

In the iterative method , applied in a plane co-ordinate
system, an estimated position in UTM coordinates 1is
repeatedly updated with a correction vector, until the fix
satisfies the observed hyperbolae.

The mathematical model:

(Computed Hyperbolae) - (Observed Hyperbolae) = O
H(N,E) - hg = 0

Expanding the vector function H by Tayler's series, and
discarding second and higher-order terms, the model is
linearized about a point of expansion near the solution

point. H is a vector function of position in UTM Northing
and Easting.

H; H; - 2.
H(N, ) +55 AN + 37 AE A

Two linear equations with step corrections AN, AE as
unknowns are extracted:

a—-}’!. Eil: AN h’-Hl
2N °9E | =

oH, oK, AE h, - H,
N 2E

The corrections are found by solving with Cramers rule.
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The expressions for the partial derivatives turn out to
be simple functions of azimuth from P to Master and the
respective Slave staticns.

PH; - cos &, - cosc«
AN

H; . .
..a__‘. = Snu, - Sing;
OFE

In each 1iteration cyecle the estimate is improved by
applying the correction step:

N = N + AN

n+1 n

Eﬂfl = En * AE

A subroutine HYPUTM, shown in the appendix, is based on
this method of solution.

This iterative method, is essentially Newton's method
applied to a two-dimensional problem. This type of solution
can be usefully applied to any kind of positioning system.
Actually the satellite fix computation, using Doppler
measurements from the U.S. Navy Transit system, works in a
very similar way.

6.2 ITERATIVE SOLUTION IN GEOGRAPHIC CO-ORDINATES

With a technique very similar. to the plane 1iterative
solution, an approcximate position in latitude and longitude
is refined by iteration until the position found satisfies
the observed hyperbolic position 1lines. Except for the
geodetic distance calculation , and the <calculation of
derivatives which are based on a spherical approximation,
the methcd is quite similar to the plane iterative soclution.
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The mathematical model:

Computed H - Observed h = 0
Hilpa) ~hi = o

Linearized by Taylor's series about an initial point of

expansion P:

H: VH¢ :
hldor) 2 ad « Wisr =

In matrix form the equations are:

oH oH,
56 5% [w h - H
x =
A, W, _
58 x| 1 [z - #
20 20 3¢ 22 oA A

the observed hyperbolae with

respect to latitude and 1longitude are found by taking
differences Dbetween the derivatives of the spherical
these in turn are found by differentiating the

distances;
cosine law of spherical trigonometry:

The partial derivatives of

cos d; = Sl’né Sin ¢’ +* cosqz‘Cosé, cos /,\P-)")

a = 5,8z oo m

o2d; _— : . ;
S;S;‘ = R(SIn 45, cos & cos AN - cos ¢F Stn d)/SI'I a;
ddc  _ . .

B_A_; = R cos ¢p cosd; sin {/\P-)")/Sln d;

R is an earth radius which converts arc
radians to distances in metres.

lengths in



The method indicated here 1is described in detail by
Mackereth(1976). Instead of taking the tangent plane
approximation by derivatives, he wuses a secant plane,
obtained by differencing computed hyperbolae between nearby
points. A slightly better rate of convergence is obtained.
A very similar approach, applied to a positioning system
with ranging measurements, is described by Grant(1973).

A subroutine HYPGEO, listed in the appendix, uses this
iterative solution with derivatives. The iterative methods

were coded and run, mainly for comparison to judge the
practical effectiveness of the direct solutions.
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6.3 ANALOGIES BETWEEN PLANE AND SPHERICAL ITERATION

There is a recognizable parallel betwzen the plane and
the ellipsoidal solution, as shown below.

30

PLANE ELLIPSOQID
Plane distances by Spherical distances by
Pythagoras' theorem cosine law
Projection scale factor Andoyer-Lambert corrections
correction from grid from spherical to ellipsoidal
to ground distance distance
Partial derivatives are Partial derivatives are
functions of plane azimuth functions of spherical azimuth.

The analogies show by the resemblance between the
Fortran subroutines HYPUTM and HYPGEO, which demonstrate the
iterative method on the UTM plane and the ellipsocid
respectively.

6.4 REMARKS ON THE ITERATIVE METHOD

The following points apply to both the plane grid
solution and to the sclution on the ellipsoid.

1. For some pairs of hyperbolae there are two possible

points of intersection. If an initial approximation
of the position is very rough, it is possible for the
iterative correction step to overshoot and cause the
process to converge to the wrong solution.
This is particularly likely to happen when
positioning in the neighbourhood of the Master
transmitter, where the two solutions are fairly close
together and the hyperbolae are highly curved (see
figure 3); here the linearized mathematical model
could be stretched beyond its range of validity, i.e.
the second and higher-order terms of the Taylor
series expansion are not to be neglected for large
increments. Because the correction steps would be
quite inaccurate, but roughly in the right direction,
they are usable if reduced in magnitude.



n

At the cost of more iterations, the possibility of
ambiguity may be minimized by limiting the size of
the correction increment.

With an 1initial approximation taken sufficiently
clese, the problem does not arise. In practice,
usually a sequence of fixes are taken at regular
intervals a short time apart. The position of the
previous fix, perhaps updated by dead-reckoning,
provides a convenient initial value.

An incorrect choice of soluticn can be detected by a
bearing and distance calculation between fixes; if
they agree reasonably with the actual heading and
speed of the vessel, the choice of soclution is
confirmed.

Certain pairs of hyperbolae do not intersect; the
situation may arise where, due to bad data from the
receiver or incorrect station co-ordinates having
been entered, the computer will iterate endlessly in
an attempt to compute an impossible fix. To detect
this situation, a limit on the number of iterations
is needed (e.g. maximum 20 iterations).

Endless 1looping could also oecur if the break-cut
tolerance is set too finely i.e. smaller than the
roundecff error of the finite precision arithmetic.
Convergence might be had by chance, but often the
computer simply thrashes around the exact solution,
without leaving the iteraticn loop.

The linearized form of the mathematical model yields
an expression which is identical to the observation
equation of the least squares method. The partial
derivatives are the elements of the design matrix A,
the Jacobian matrix, relating the observations to the
unknowns in linear form. Thus the iterative method
has the advantage of being easily extended to include
redundant position lines in a least squares solution.
An overdetermined soclution improves the fix quality
and can provide an estimate of errors derived from
the covariance matrix of the sclution.

Including a third LOP makes the solution unique,
eliminating the ambiguity between the two possible
pcints of intersection.
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In some systems e.g. Loran-C , a weak and noisy
signal from a distant transmitter, or a skywave
signal with a large systematic error (10-20 km) can
be usefully included in the sclution with a very low
weight. The effect 1is to steer the process of
convergence towards the desired solution.

7. The 1iterative algorithm 1is easily verified, an
advantage particularly in micro-processor
applications, in which the program code tends to
become quite obscure.

If the distance calculations are correct and the
process converges to satisfy the observed hyperbolae,
one is assured of having found a solution.

The iterative method is widely applied. Recent advances
in micro-circuitry have 1led to the development of the
'co-ordinate converter', a unit attached to the navigation
receiver, which continuously runs the Thyperbolic fix
computation and displays the ship's position in rectangular
grid or geographic co-ordinates. One such undertaking 1is
described by ( Culver & Danklefs,1977).
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Chapter 7

TEST SOLUTIONS

T.1 RESULTS IN UTM

For the plane solution a cluster of four test points were

evaluated by the iterative and the direct method,

coordinate system.

TABLE 4

Test Points on UTM

= e - - > T > W W M D S W > W W W S T W M W M W M S S M s M M M N W WS M e S W s W W W s e e s e e -
pgpegpipeponpu i g e g ee g e g g R R R Lk R

Hyperbolae Grid
No. A B Corrections

1 58599.7 -41444.4 -21.0 23.1 N
2 59307.8 =-41739.1 -21.3 23.1 N
3 58891.0 -42148.6 -21.1 23.3 N
4

59595.5 -42446.6 -21.4 23.4 N

-metres- -metres-

in the UTM
U.T.M. Position
Northing Easting
4900000.0 E 600000.0
4901000.0 E 600000.0
4900000.0 E 601000.0
4901000.0 E 601000.0
-metres-
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7.2 TEST POINTS ON THE ELLIPSOID

Three test points were evaluated in the neighbourhoed of
Lat 45 degrees North and 30 degrees East. The points are

separated by about 60 nautical miles Nerth-South and 42
n.m. East-West.

TABLE 5

Results on the Ellipsoid

T an e W A S W W - A - W > W W e S W D P > D W > D - E M T D W D W W A D M W Y D A A G = G s W w® - W ww
R i e i e o i e e i e s i i o e i e i e e i i e i g b e e gl g e e e e R R e

34
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Hyperbolae Ellipsoid Position Error

No. A B Corrections Lat. Long. (metres)
1 5200362 -509572 44449 -2711 N 45-00 E 30-00 1.7 1.4
2 5268143 -638007 44362 =3196 N 46-00 E 30-00 0.7 0.7
3 5127620 -632566 44624 -2376 N 45-00 E 31-00 2.2 1.4

-metres- -metres-

- D D - - — - ——— - - - - - - - - — . - W D L D D D D - .- - - ——— - =

7.3 DISCUSSION OF RESULTS

For the UTM calculation the magnitude of the corrections
indicate the difference, an earth curvature effect, between
actually observed hyperbolae and their representation in the
plane grid system. The ellipsoid-to-sphere corrections, in
a similar way, indicate a component of ellipticity of the
earth's surface contained in the observed hyperbolae. At the
larger distance from the transmitter , we have a U5
kilometre shift.

For the direct method the errors in position (relative to
Vincenty's formula) amount to a few metres. This is due to



the approximation in the Forsythe-Andoyer-Lambert distance
formula, magnified by lane expansion and the oblique angle
of 1intersection of the hyperbolic position 1lines. Any
shortcomings of the direct method would have shown up as a
larger error here.

The test points are located so, that the geometry 1is
favourable and no extreme values arise in the values at
intermediate calculation steps. Thus the agreement
indicates that here the round-off problem does not appear.
The positions were chosen purposely far away, with distances
to the transmitters ranging between 2500 to 7500 kilometres,
to reveal any basic faults in the method. 1In this test, the
round-off problem is not properly tested for.

The intermediate steps of the iterative calculation show
that the convergence 1is rapid and stable. The maximum
stepsizes of 50 km and 600 km, for the plane and
ellipsoidal solutions respectively, have the effect of
cutting the correction vector short, and here needlessly
increase the number of iteration steps.
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Chapter 8
TWO PROBLEMS REMAINING

In the development of the direct solution, two matters
are unresolved. First, the effect of round-off error in the
computer arithmetic is not analysed and second, the method
of distinguishing between the two possible sclutions should
be more definite.

The effect of round-off is much less significant in the
iterative procedure; each cycle begins the process anew
and the accumulation of round-off 1is contained in the
correction vector, a diminishing quantity approaching zero
at convergence. If the distance calculations are correct and
the process converges to satisfy the observations, then the
answer will be correct. At worst, the effect of round-off
will cause an extra step of iteration.

In the direct method, an open-ended process, any
round-off error accumulated at intermediate steps will
affect the final outcome. Testing +the program with an
assortment of data values will not do to provide a guarantee
that the algorithm 1is everywhere numerically stable. In
testing it 1is quite possible to wmiss a particular
combination of values which cause the answer to blow up.

In Forsytnhe,Malcolm & Moler (1977) -examples are given of
quite straight-forward expressions in Fortran yielding
answers which are significantly off and even quite wrong,
also in double precision calculations.

A round-off error analysis is needed, for each
intermediate step in the calculation.
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In the derivation , we find that two possible solutions
will satisfy the data. On the sphere a hyperbola is a closed
curve. It can be shown that this curve is alsoc an ellipse,
having one of its focal points at a point diametrically
opposite toc a transmitter station. A pair of closed curves
can only intersect at an even number of points. Thus by
geometrical reasoning we alsc arrive at two pocssible points
of intersection. Which would be the desired solution point?
A way to resolve it is by defining a rectangular window,
representing the working area, a circular window
representing some radius of action or perhaps best a sector
defined in polar co-ordinates centred on Master which spans
the working area. Near the transmitter stations, where the
two solutions are close together, both points might fall
inside the window and the ambiguity remains.

In the plane solution it was found that one of the
solutions actually 1is an intersection with a conjugate
hyperbola. What is needed is a tightly defined convention
for specifying the chain configuration and a rigourous
derivation to find a characteristic which 1identifies each
solution point mathematically. A similar idea, applied to
spherical triangles for astronomic fixing at sea 1is
described by Bennett (1980) for use with pocket
programmable calculators.
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Chapter 9

SUMMARY

A relatively simple , almost non-iterative, solution
of the  hyperbolic 1intersection problem on the
ellipsocid is verified numerically and partly derived.
The method is explained by way of analogy with the
plane solution.

The ellipsoidal soluticn, as a spherical soclution
with mecdified data, follews an idea similar to the
technique, widely employed by surveyors, of modifying
measured quantities (angles and distances) to
correspond to the plane of a map projection.
Coordinates on the earth's surface are then more
easily calculated by plane trigonometry.

The ellipsoid-to-sphere corrections of the
Forsythe-Andoyer-Lambert method are analogous to the
line scale factor corrections of the surveyor's plane
rectangular grid system, based for example on a
Transverse Mercator, Sterecographic or Lambert
Conformal Conic Projection.

Test runs were made to ccmpare the direct solution
with the currently widely used iterative technique.
The direct solution 1is slightly faster. It can
easily detect impossible fixes due to bad data, 1is
less prone to failure =e.g. no iterative process to
diverge, and it can be improved further.

On the other hand the iterative method has the
advantage of being easily extended to form a 1least
squares solution with redundant data. Alsc it can be
applied to a configuration where the baselines are
separated i.e. do not share a common master station.
The direct solution shown here must have a central
transmitter station common to both baselines.
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The direct sclution can be implemented in the more
powerful types of pocket programmable calculators.
Using the simpler (first-order terms only)
Andoyer-Lambert corrections, a compact algorithm can
be prepared to fit easily into a TI-59 calculator.

For Dbatch processing on a 1larger machine, this
algorithm can serve +to provide a close initial
position which 1is then refined and verified in a
single iteration pass using a more precise gecdetic
inverse routine (e.g. Vincenty's formula).

The first-order correction terms, for a maximum
error of 50 metres, are quite adequate for currently
operating extended-range radio-positioning systems.
An error tolerance o¢f 1 metre in the 1iterative
computation generally exceeds by far the precision of
existing navigation systems. The fine tolerance used
in these test runs was chosen for the purpose of
comparing algorithms with precise values for answers
to check their validity numerically.

For real-time applications, e.g. co-ordinate
conversion devices based on a micro-processor
attached to +the navigation receiver, this direct
solution would not be suitable without further

development.

In particular the effects of round-off error in
finite precision arithmetic need to be examined for a
variety of test points and chain configurations. The
blanket solution of using doubls precision variables
throughout could be uneconomical in a micro-computer;
the additional memory adds to the cost of the product
and then one is not assured of avoiding instances of
the algorithm failing due to numerically
ill-conditioned situations. A failure of just the
algorithm at some remote locality could be mistaken
for a receiver fault, reflecting adversely on the
manufacturer of the equipment.
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A positive method of distinguishing between the two
possible solutions is needed. This could be found by
a tightly specified set of conventions to define the
geometrical quantities and a rigourous derivation of
the spherical solution.

The basis of the direct method, i.e. using ellisoidal
quantities modified by the Forsythe-Andoyer-Lambert
corrections to vyield corresponding data for the
sphere, could be applied more generally 1in the
computation of very large geometric figures on the
earth. It would appear that geodetic positions on
the ellipsoid can be computed , to a precision of 1
metre at any distance on the globe, by simple
spherical trigonometric formulae.
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Chapter 10
CONCLUSION

A simpler direct method to find the intersection of
hyperbolic position 1lines on the ellipscid 1is
obtained by derivation and by geometric reasoning
with respect to the Andoyer-Lambert ellipsoid
corrections. The validity of the solution is verified
numerically by Vincenty's geodetic inverse formula.

Iterative procedures were written in Fortran , for
the plane and the ellipsoidal case, for a comparison
with the direct method. The direct method would be

slightly faster and “more compact if developed
further.

A possible problem with round-off, due to truncation
effects in computer arithmetic, was identified in the
direct method.

A more positive , mathematical method needs to be
found to distinguish between the two possible points
of intersection.

The idea o¢of modifying the observations to an

equivalent spherical representation, offers an
alternative method of geodetic position computation.
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Appendix I
FORTRAN PROGRAMS FOR THE PLANE SOLUTION
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2
3
¥
¢
3.

e AR R AR R AR R R R

ANE EA3STING

ZIMUTHS

TH

yAZHT 3)

HYPERBOLAZ AT =P -

DISTANCES

I Z IR EEER SRR ERLEIRFEEEI LS LTI RTTIRRELE T E S EITERE ST T T S -$3
$J408B AMATFIV STU IFBERGEN/Uy PAGEL =D ,T=13
C
IR EEREETEEEEETEE-EE TR T EEEEEESE S-S
C SZLF=-TEST UF PLANE SUGLUTIONS
Cmmme s rmm e cmme e m e = = = - e ——
1 IMPLICIT REAL¥E (A-=H{,00=2)
2 COMMCN TBUG .
C
3 A1 =4 ¢ 0O XRDAT AN(1e0DCGC) S RPI2=P I%2.¢ DIC
5 DR=PI/180e v Ll RL=18CeC DOL/PI
7 13UG=1
8 1BUG=C
C
C %% ENTER STATIOM POCSTITIUNS IN UTVM NORTHI NG
C /ZE%E FUOFf MASTLERY SLAVEES —A- AND -3-
9 RKCZAD sy UNM, UEMs UNA SJULA, UNBYUED
C
C /%% CALCULATE SASceEL INE GIRID DISTANCES AND A
10 CALL UTINV(UNFM,UC4, UNMA,UIZA, BASCA, AZ4A)
i1 CALL UTINVIUNMZUEM, UNII ULy BASEB,AZME)
C
C /%% GRID ANGLE AT MASTER AND OB ISECTOR AZIMU
12 AMS=DMUOD (ALMA=AZMt}y PI12)
13 AZBIS=DOMOV (AZMA-AMS/2.0C LGG, PI2)
C
14 CALL TITLE(UNMLUEN, UNALSUCA, UNB,LUEH,
$ BASLA,UASE 3y AZMASAZM3, AMS
C
C /%% MAIN ORPLCRATING LOUP
15 CORK A=Jo 03 CORRB =0 a0
17 NTEST=4Q
18 180 NTEST=NTEST+ 1
C /%% ENTER THED TEST POINT IN UTM CUO-0RODS
C Zakxk AND GENCRATE UXACT FICTITIGUS OSERVED
19 RTZAD o UNP, ULP
20 IF(UNP ol.Te Cev) STui?
21 PRINT 7C1
22 701 FAORMAT(1H1/)
23 PRINT 52, HTLST
24 502 FORMAT (1H 4 7X, "ODIRECT FLANE SULUTION AT TEST POINT NOaL*'y 12/
i 14 s 7Xy 41(1HX) //7)
C : '
C %%k GRLID DISTANCLS TU TRANSMITTER STATIUNS
29 CALL UTINVIUNRP ZUCP, UNM,UEMy DMsAZM)
26 CALL UTINV (UNP,UEP, UNAZUZAy, DA,AZA)
27 CALL UTINV{IUNP,UER, UNE UEB, DB3,AZB)
C
C /%% UTM SCALL FACTORS APPLIEC Tu FIND TRJE
28 CALL UTSFLIN(UNP oI P s UNNM,JTM, SCFHM)
29 CALL UTSFLN{UNPLUEP, UNA,JUEAs S5CFA)
3C CALL UTSFLNIUNPZUIZP, UNE,JEBs SCHE)
C
31 DA=DM/ 3CFM § DA=DA/SCFAS DB=VB/SCFB

A1~

KRR R ek N A Ak AR AR R N\ A



Zx%x% FICTITIUUS ULSERVED HYPERUBULAE
/7%%% FROM PRECISE DISTANCES TO TEST OCIRECT PLANE 30)-JT IO

(a¥e¥e!

34 HYPA=DA-=DIM HYP 3 =DU=-0DM
36 . CALL CCLHED( HYPAZHYP s JUNP JUEP)
C
37 ITER =C
38 200 ITER=ITER+1
39 CALL HYPLAN(ANSBASEA,BHASE, HYPA+CORKRA, HYPB+CCi<xRB,
] AL AM1, ALANMZ, D41, DM2, [ICCOE)
C
C /7%%% PCUITION BY DISTANCE & AZITAUTH
40 AZMP =AZ1S-ALAM]
41 CALL UTFUR(UNM,UEMs DM1 s AZMP, UNPP, UE2P)
42 CALL CYCDIR(CORRAyCORRB ¢ HYPA HYPH, UNFP,JEPP, ITLCR)
c
C /%%% SCALE FACTCRKS & GRIL CURRECTIONS FUR =-P=—
43 CALL UTSFLN(UNPPZUEPP, UNNLJUEN, SCFM)
44 CALL UTSFLNMN(UNPP,UEPP, UMALUEA, SCFA)
45 CALL UTSFLN(UNPPL,UEPP, UNB,UEBE,SCF1)
C
46 COM= (S CHFM=1 o0 ) ¥DM1
47 IDA=(SCFA~1lau) % (OM]1 +HYPA)
48 NDOB=(SCFB=1e0)*X(OM1I+HYPB)
c .
C /%% GRID CORRECTICNS TC HYPERHGOLACL
49 CORR1=DDA-DDM; CORR2=CDB-LOM
51 CHECK=CABS(CLRRI-CORIKA) + DABS{CORRZ=CORRY)
52 CURKA=COCRR1 CUKRKRER=CORK2
C ,
C %% RECYCLE [F THE CORRECTIONS ARE TUOO DIFFERENT
54 TUL=0e1 .
59 IF ( CHECK oGTe TiUJL) GUTO 229
C
56 PRINT 512
57 512 FORMAT(1H ,45X, S(1H=), 4X, 83(1H=) /)
C
C %%k GENERATE FICT ITIOJS INITIAL POSIT IUN
C /%%% TO TLST I TERATIVE METHOD
58 PRINT 701
59 PRINT 602, NTEST
60 602 FORMAT (1H 47X ' ITURATIVE PLANE SDHLUTIUN AT TEST PUGINT Nua',I12/
$ 1H o7Xs 44(1HXx) //)
61 CALL CCLHLED( HYPA,HY Py UNP,L,UREP)
C .
62 UNPI =UNPP JEPRPI=UEPP
64 UNPL =(UNPP+UNI4) /22 O OOC UEPTI=(UZPP+UEM) /2,0 D)
C
66 PRINT 6C4, UNP T, UEPI
67 604 FIRMAT (L H +7Xs"INITIAL POINT ', 2(°! -=>' 5, 3X),
¥ AT N*y FlQel, ! E'sy FOed) /)
C . i
68 CALL HYPUTM{HYPASHYPty UNPILUEP Ly UNMyUZ My "JNASUEA, JNB,UJT3, ITZR)
C
649 FRINT 612 :
70 612 FIORMAT(LIH 445X, 9(LH=), 4X, 3 (1H=) /)
71 G TO 1095
72 END
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C
C
73 SUBROUTINE HYPLAN(CAMS, BASEL ,EASE2, HY Pl,HYP2,

k1 ALLAMYI JALAM2, DM1,DM2, ICUODE)
% % ok o e o kol ok kool gk Aotk dokok oKk ok bR RCHOR Okl ok ok ok o b oK ok oK ok K

74 IMPLICIT REAL%8 (A-H,0-2)
75 COMMUN I0GUG
C
76 PI=4eODVOOXDATAN(L e ODGU ) 5 RO=18eNCHG/PI
C
’8 AL=(EASELI=-FYP1 ) *x(B3ASEL1+RYP1)/( 243 CUCURBASEL)
79 A2=(BASC2-HYP2)® (BASE2¢HYPZ2)/( 240 DODFASE2)
80 El==-HYP1/BASEl; B32=-HYP2/3ASC2
C
82 Pl=(AL+A2) 72.0D00G, P2=(A1=-A2) /240000
84 Q1=(B1+B32) /2.CDUVC, Q2=(31-82) /2 DT
C
86 D=P2*Q1 - PL*xQ2, SINM=US IN(AMS/260090) 3 CUSA=0CIS(A\M53/243D3)
89 U=P2%CUSM; V=P1l% SINM
91 . FHI=DATANZ2 (U,V )} F=U%C3IN(PHI) + VIDCUOS(PHI)
C
93 IF(IBUG eNLCe 0O) PRINT 170sA1 sA2,131 82y P1,P2, Q1,02
3 CayUsVe Ry PHI
94 100G FORMAT(1IH ,2Z20e8/)
C
C s/ CHECK FOk NO PUSSITIBLE INTERSECTION
95 ICODE=0; IF( Kk «LTe D) RZITURN
C
C /7 ONE OR TwC SCLUTIONS PUSSISLE
97 THETA=DARS IN(D/R)
98 ALAML=THET A--PHI ALAAR=PI-THETA-PHI
10C OMI==P2/(Q2+5INMXDSINCALAML))
1ul DM2==P2/( Q2+ SINMEDSIN(ALAMZ) )

[gX g}

/7 SET UP CODE TO ILENTIFY THE SJOLUTIONS

102 TF(DM] «GTe CeADOV) 1CHDE=L

1¢3 [FIDM2 oGTe GedbUL) LCHOL=2

104 [F(DM1 o GTe Do0DTIY eAlNDe DM2 oGTe SeHDGN ) ICODE=3

C
1u5 ' [F(TBUG wEQe v ) RZTUKN

lu6 PRINT, 1CUDE

107 PRINT 100, THETASPHL, ALAMLI, ALAM2Z2 s DMl 4OM2
108 FCTURN

1u9 tND

Al -3



C

C
110 SUBROQUT INE HYPUTM(OHAs UH3 s UNP SUEP ¢ UNMy USM,UNA, UCA, Uddy Uzidy [ TER)
C 3 % % A % e ool ook ok ek ik g e ok 20K sk g A0k R KR 5 A OOl e o ot dR BR ok R ¥R $F e ROk Bk d d Rk R kAR R KRR K
C [TERATIVE INTERSECTIUN UG HYRPEREGCLAE ON UTM PL AN
C_-_____‘.__,__..__.-._,_.-..-....._._._--.—_—_.._—,_..-_—_._.—_.~.-_—-__.-._—_-——,._—.4_-»_-_-.
C
C (OHA, OH B ¢ = JBSERVED HYPERBOLAEL IMN METRES
C UNP,ULC P = INITIAL APPRIX ITAATE POSITIUON OF == [N JTA4
C AL SO Tz FINAL ITERATE)Y POSITION
C UNM, UM = UTM PUSITION OF MASTER TRANSMITTER
C UNALSUE A = POS1ITIO0Nd OF SLAVE —A- IN UTMA MIRTHING & CZASTING
C UNH, UE 3 = PUSITIUN OF SLAVE —=t3= IN UTM NORTHING 4 EASTING
¢ .
C UTINV = LHSUBRKOUT INE FOR DISTANCE AND AZIMUTHE Y T4 CUOUR)Se
C UTSF LN = SUHMRUOUTINE FOR UTNM LINE SCALY FACTUR
C
C ___________ - D —- - " - —— - - - ——— - ——— - — . D . - —- - - 4> > —— - Lew . e M . > - - — -
1t IMPLICIT RKEAL*3 (A-=~H,0-2)
112 COMMON T3Ug
C
C /%% [TCRATICN LOOP
113 ITER=L ; ITHAC=c) DMAX=2500G06e C
116 DOMAX=50070 ¢4
117 T10L=Ns 1% TEST=TUL+TOL
119 WwhILE(Q ITCECR ol e I[TMAX oANDe TEST «GEs TOL) DU
1290 ITER=ITCER +1]
C
C /Z%%% GRID AZTIAUTH A DISTANCE B3Y UTM CO-0UORDINATEIS
121 CALL UTINV(UNPLZUEP, UNMyJEM, DMy, AZM)
122 CALL UTINVIUNP,ULEP, ULNALZUZA, DA,AZA)
123 CALL UTINV(IUNP,UEP, UNUJ,ULEE, DBsAZY)
C
C /&% UTM LINE SCALE FACTURS
124 CALL UTSFLN(UNP UL P, UNM,UEM, SCFM)
125 CALL UTSFLN(UN UEP, UMAZUEA, SCFA)
126 CALL UTSFLEN(UNP UL, UNBsUE3s SECF3)
C
C /%X GRID OLISTANCES CONVEKRTED TGO GRCUND DIST ANCES
127 DM=DM/S5CFM 3 DA=DA/SCHAS vB=LY/SCFD
C
C /%% CCMPUTLD HYPLREOLAE AT ~'P-&
130 CHA=DA-DM} CHUI=DL B -DM )
C
C /%% DIFFERENCC (CUSBERVED) - (COMPUTED) FYPgFHULAE
132 DH A= 0OH A=~ CHA DHE =0HB-CHis
C
C /%% ELEMENTS UOF A-MATPI X, THE HYPERDUL IC GRADIENTS
134 DAN=DCUOS(AZM)=DCUS (AZA) DAE=DSIN(AZM)-DSIN(AZA)
136 D3MN=DCCS (A ZM)-DC0S (AZ28) DHE=DSIN(AZMA)=-DSIN{AZI)
C
C /% %% SULVE FUR CURRECTION STUCPR DNeDE J3Y CHAMERS RULZ
138 DET=CANXD3L - OBONRDAL
139 DN=( DHAXDBE = DHBx*xVDAL) /DET
140 CE=(CAN¥DIN} - DJINXDHA)/ZDET

>
N
A



(a¥aXe

/%% LIMIT SIZE UF CURRECTIUM STEPR

141 DIST=DSQRT(DNXDN+DE*DE ) § FRACTN=1e"
143 IF (DIST #GTe DMAX) FRACTH=DMAX/DIST
C
144 CALL CYCLIT(CHA,CHH,UNP ,UCP,CHA,CHBsONsDE, FRACTHN, ITER)
145 UNP=UNP + DH%XFRACT M ULP =ULEP+DE*FRAC TN
C
C /%% HREAK-QOUT TEST FUR CCNVERGENCE
147 TEST =DABS( DHA ) +DAS S(DHI)
1438 ENDWHILE
C
149 ROCTURN § END
151 SUBROUTINE UTINV(UNA,UEA, UN3,UEBs DISTsAZ)
(X2 RS EEEISIZIEIRSIESLIISELESEEES 2SR RS EEET S LRSS
C CRID DISTANCL AND AZIMUTH FRUM UTM CO-CROINATES
C GR2ID DISTANCL ANJD AZiMUTH FROM RECTANGUL AR CO~-URDINATEZ S
¢ o TdRTHLHG C () AND CASTINGS (X))
(L s amor = + oem eman s it e o o B > e et i S o oo i o
152 I PLICIT REAL%8 (A-11,0-72)
153 CUMMON . IEBUG
154 F12= B0 DOGX*CATAN(1leU DUU)
155 D I=UNB-UNA DE=VUEB-UEA; DIST=DSQART (DN*DN +2L ¥DtZ )
158 AZ=DATANZ2( DE,DN) ; AZ=DMID( AZ+P12, PI2)
160 RETURNS END
162 SUBROUTINE UTFOR{UNA ,UZA, DIST,” AZ, UNE,UEE)
SIS LI REEEEEEREEEDEETEIEEEREEEEES 23X E
C PCSITION OF =-t-= dy GRID CISTANCE AND AZIMUTH FRUM ~<=A-
(= mmm e e e e e e e e = o - > = = - -~ - -
163 IMPLICIT REAL*3 (A=-Hy0=-2)
104 COMMCN [BUG
165 UNB=LMNA+DL S3TH*DCOS(AZ)
160 UEB=UEA+BIST*CS IN(AZ)
167 RETURN
168 END

Al-S



C

C
169 SULBROUTINE UTSFIN(YDNASXEA, YNDBWsXEL, SCFACT)
L******#*******av**#44*#*ﬂ4**4****a#*******#4****
< -= UTM LINE oCALL FACTUR FUh LINE -A- T3 =-i3-
(_‘ _________________________________________________
170 IMPLICIT LLAL»H (A—H.u Z)
171 CMOCFHF= (oWt Ly XCih= SUu Ludel DO7
173 YNM=(YNA+YNI)/ 240 DCU XEM=(XEA+XLB)/ 26 J D)0
C
175 GA=( XEA=XCM) /1 40DC 6 CAZ=QAXQ A, QA 4=QA 2%QA2
178 A= XEB3=-XCM) /le SDC Gy B2 =QB*Q8; Qi34=Q32%Qu2
181 AM=( XEM=XCM) /1 {DGES GMZ2=QM*QM; QM 4=QM2% QM2
C R
C %% PUOINT SCALE FACTORS AT A.,83 ANC NID-FOINT
184 S5CFA=100 DCU ¢ XVIII(CYNA)*IQAZ + 36 00-U5% QA4
185 SCFB=1 0 DO + xVIII(YNL)»QU; + 340GD-1 %03 4
186 SCFM=1,0 DOUL VITI(YNMIXCMZ2 ¢+ 340D=-05%QM4
C
C /%% LINE SCALE FACTUK 33y SITMPSUNARS RULE
187 SCFACT= CMSCF%*( SCF A+44 JDLUXSCFM+SCFB)/ 6e5D00
188 RETURN
189 END
190 DOUBLE PRECISIUN FUNCTIUCN XVIII (YN)
Coc e ok o e % okl ok s ookl 3k o sk ok ok Kok koK ok s skok sk ol kol B0k sk skook 3 ook Kok ol sk
C = LATITUDE FUNCTIUN XVIII
C -= 3dYy AN APPhQXIMATIUN FURMULA I N UTM NURTHINb
C_——. _______________________________________________
191 IMPLICIT RCAL®RS (A-H,0~2)
1z T=0e31113286 V=20 (YMN=5e)LG6)
193 XVIII=NaeD123 DI = 8B3e6927 LD=-06% CSIN(T)
194 RETURN
195 ENC
196 SUBROUTINE RAOMS(ANGLE, TDEGS s MINS, SECS)
C % ke ok o ok sk Aok 2 %k kool ok ok oloi e ok ol sl ok sl sje ok ok ok ok k% ek 3ok
C ANCLES IN FALCIANS TU DEOREES, MINUTES AND SZCONDS
C .................................................
197 IMPLICIT HZAL*x8 (A=H1,0~=2)
198 PI2= B«UCXDATAN(L v DU ) KD= Jouel DOL/PI2
200 SN=DSIGN{Lle® Oy ANCLE)
201 FJZZ= 1e20=11% ANGL= (SO ANGLEXRD) +#FUZZ
203 IDEGS=ANGD ANGD=ANGD~DFLOAT( IDEGS)
205 ANGM =ANGD¥*60 o DOU 3 MINS =ANGM ANGN= ANGY=DFLIAT(MINS)
203 SECS=AIGAXEC o U DL IDLGS= (( SD*IDEGS ))
219 RETURNS CNU
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212

o N
—

b -
o~N Upw

220

221

222
223

224
225
226
227

232

o0

[eXsXs!

SUBEODUTINE TITLE(UNMMUEM, UNAZJEA, UNB,,UES,
$ BASLA, 2ASE3s, AZMA,AZMB, AMSAZ3I S)
A Aol R de % % AR dote okok R Ok A A gt g e o ek sk e kel ok ok ok ok Aol R % kR e Aok ok Kok
PRINT TITLE PAGE FUR PLAHF SOLUTION

ITMPLICIT REAL¥3 (A=H,0- 1)

CIMMON 113UC

PI=44CGXDATAN(Ll e DGuU) 3 RE= 16Je0 DNC/PI

PRINT 4090
400 FCRMAT (IHL//7 1H , 15X, S50(114%) /

$ IH S 15X, ' TeST OF PLANE HYPERBOLIC INTERSECTION CUMPUTAT LUNS!
A ZIH 925X "(LDIRECT AND ITERATIVE METHUDS) '/ 1H 15X Sull %)/ //
g I1H o 106X " TRANSMITTER STAT IUM CO-CRDINATES IN UTHY (MCTRES) '/
C IH L, 10X, 43(1H-) 7/ .
‘B 1H 31Xy "HORTHIMNG?® » 1UXs 'EASTING® //)
PRINT 42, UNM,UIHM, UNA,UZA, UNE,UEB
402 FORMAT (1H 219X ' ASTER ', 7X, "M'y, 10l 7TX,'E'y Filal//
A TH 5 15X "SLAVED A b 7Xs "Ny FLlfel s, 7XH'EYy FlGsl//
B 1H s 1SXs 'SLAVE UPy7Xy "Ny F13el s TXH'E'y FlGalr/7)
PRINT,* ¢

PRINT 404 .
404 FORMAT (1 H »105X,'CHAIN CUNFIGURATION '/ 1H ,15X,20014-) 7/
g IH 405X "PATTERN A 35X, PATTERN B' // )

CALL KADMS (AZiMAs IDAsMINA,SECA)
CALL RADMS(AZMOLIDESMINE »>LCH)
PRINT 46, QCALEAZBASEB, IDA, MINA, SEZCA, 1D ,MIMNJ ,SECS
406 FURMAT(1H »15Xs"BASELINE GSRTID UOISTANCE ', 3X, 2F1l4el //
$ IH L 1EXL,PGRID AZINMUTH (MASTER=>GLLAVE) Y,
A S(la, '=1', 12, '=', Fb4.,1, 2X) /77)

CALL RADMSTAMS, TOMsMINM,S5ECH)
CALL RADMGS (AZO IS, IDBLIS MINEBIS, SECBLS)
PRINT 408, [DMsMINMSCCM, [DDISMINBIS, SECBIS
408 FFOURMAT (L1 215X 'ORID ANGLE BETWEEM BASELINES AT MY,
b T4, '=0, (2, *=', F4s1 /
A IH JISXs'OGRID AZIMUTH OF BISECTCR ',
B8 88X, 14, -, 12y 'y F4el /7)

RETURN END
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C
C
234 SUBRUOUTINE COLHED( HYRPAZHYPLB, UNP,UEP)
C X e oo Aok ek ook ok Ak SR A A gk o ko B Ak A Aol sk R R K Ak i
C COLUMN HEADEIRKS
C - —— —— - —
235 IMPLICIT REAL*Y8 (A-H,0-2)
236 PRINT 5C4
237 5G4 FORMAT (1 H ,23Xs *HYPLERDULAE'y, 13X, "WITM GRID PUSITION'/
% IH 223X s "A? ,9X, 0 LI X" NCRTHING? 45X, *EAST ING  /ZITER/Z Y/ /)
238 PRINT, "
C
239 PRINT 5C6ys IHYPALIIYFB3, UNP,UEP
240 506 FORMAT (1H 2 7Xs *UBSERVEDO H ',2F10el? AT N*,F1lGal »? =¥ 9yFdel /
$ 1H o 7X%Xs S89¢(1H=-) /7))
241 ! RE TURN 3§ END
C
243 SUBROUTINE CYCDIR(CCRRAZCORRB s HYPAZHYRPI3 s, UNPPR,LUEPP, [ITER)
C % kg ok F Aok o g e okoh Aok fooke g g ko ol o A ek ok at ke Fe v e A ko Ok Lo gk ksl Rk
C PRINT CIRECT HCTHUD (,Y(L[_ VAL. UL..J
C ————————————————————————————————
244 IMPLICIT FEAL%E (A=H,0-2)
245 PRINT, * ¢
246 PRINT, ' *
247 PRINT 5C8, CukkA, CURRE
248 508 FORMAT (1 H 47X, 'URID CORKk=N*'y 2f 1l e417)
Cc
249 PRIMNT 3510, HYPA+CUIRKRA, HYPU+CUPRRGy UNPPLUEPP, [Tk
250 510 FCOCRMAT (1 H 27 Xs"PLANE VALUE ', 2F1 el ' == N Fluoel,? EsF Jaly
$ v o, [2, Y/ )
251 RETURN & CND
253 SUBROUTINE CYCLITCOCHA, CHE UNP 2UERP s DEFA, DHIE3y Dy DEZFRACTN s [TER)
C i fe o B A kA Fodk AR O e AR R AR 3k Fe o d 3k kRO R X ol dek ok ok Aok o 3K sk gk K sk N ok R ok e kR ROk
C PRINT ITEFATIVE #i2 THOD CYCLE 1)AT:’\
C _________________________________
254 IMPLICIT RCAL*S (A-ti,0-2)
255 PRINT ., !
256 PRINT, * !
257 PRINT €U Esy ChACiftsy U, UEZP 3
258 60" FCRMAT (1H o 7X, "COMPUTLED hYP=', F3el, Fli)al,
3’ ' AT MY yFlu oL, E'ysF2e1 )
C
259 UNPM=UNP+ONXTRACI N UEPN=UEP+CEXFRACTN
201 PEINT a8, DHARDHUG sy OHNXFRACTN, ODE*FRAC TN, UNPN,UIZPN, 1 TER
202 603 FORMAT (111 27X 'S =CUOMPUTEY " 9F Gal sFl1al
b fozZz=> ON=t'y, Fdels, ' DE=', F3a.1 7/
A LH » 49X, Y(lii=)e 44X, B(1lKH=) /
6 TH 243X, ' hF10el ! L'y FQaly ' /', 12, /1)
C
26063 RETURN SN 10]
C
SENTRY
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Appendix II
TEST RUN OF PLANE SOLUTIONS
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ok o e e e ok e o A e ol o ok ok Aok ko Ao R Aok gl kR R R K

PLANL
(D TRECT

reEsT ur
AND

HYPE RouL TC THNTERSECT IUN COMRPUTATIONS
[TERATIVE METHODS)

RS R AR R E R EE R RS R T ESEE R R IR LR R

- - o o e - - ——- - -~ -

NORTHING

MASTER N 3000800 60
SLAVE A N 49CCLU%e 0
SLAVE O N SUGLUODeC

CHALIN COMF IGURATIUN

. - — St - L - -

GASELINE GRID DISTAN

Ct
GRID AZ2IMUTH (MALTER=>GLAVL)

BETWEEN BASEL INES
JF Bl SCCTCR

GRID ANGLE
GRID AZIMUTH

- - - - - > - —— - - -

EAST ING

E BINA0G e
= 4000006 0
E 6GIIMDew

PATTERN A PATTTRN

141421 24 1w D

225= I~ G el Yn - -

Cels
Ual

AT M 135- G-
157=30=

A2~/

13

JaD

Jal)



DIRECT PLANE SCLUTIUON AT TEST PUINT NJde 1
ko ok ok o A kR kR ROK Ok 33RO R 4R KR Ok ok Ok Rk

HY PLREBUL AE LTM GRID RPOSITIOUN
A u NORTHING EASTING /1 TERY
GBSERVED H 5359 67 —4144444 AT N 4G0000NeR2 £ 6530060

- —— D -~ - - — o - — - i - - e n e - s . e . ., A - - .~ - -

GRID CUKR-N Geld Ce
PLANE VALUE EB899e 7 =41444e4 ==> N 49006 19e6 £ 6902405 / 1/
GRID CAORR-N =2lew Jel

PLANE VALUE 585780 ~41421e4 ==> N 49G000Ce 0 £ HOOL2ICeG / 2/

AZ-2



ITERATIVE PLANE 3OLUTION AT TEST PUINT NJe 1
ok o o e o ook e ek ke ol ok s e oK R o ok ek K ki ok Rk ok kK ok Kok

HY P ERIBUOLAL UTM GRIND POSITIUN
A B HORTHING CASTING /ZITER/
UUbERVED H S8SY9Ge7 ~4l 44444 AT N 49000020 E H170806C,

INITIAL POINT ==> - AT N 49509000e0 = 53520890
COMPUTED HYP= 87434,0 -4 AT M 4395020060 £ 5500QC0Ne0
uBS-COMPUTED —-28824¢% ~4144L e 1 == DN==35094e¢3 DE= 2930246

- ——— - - — - —-— -

N 4S14GC5e7 E 5792024 € 7/ 1/

COMPUTED HYP= 636;J 1 =237€le2 AT N 4S14512567 E 5793026 €
uBS-COMPUTED =S525e4% 12608462 ==> ON==12805e1 DE= 171€4e4

- - - - - -

N 49921006 €6 E 5904603 / 2/

CUMPUTED HYP= 590578 =-3950Ce5 AT N 49C2100e € E 596406.9
C8S-COMPUTED -453 ol ~194% 69 ==> DN= =204361 DE= 343%. S

- - - — - - - - -

N 49300526 € E 959389708 / 3/

COMPUTED HYP= 5860065 —41387¢5 AT Hl 450C052e0 = 5998397423
0ogsS-COMPUT ED ~7a2 ~506e) ==2> DN= -S2e5 DI = 1021

- - - - - - - - - -

N 49000000 = 60350 / 4/

,,,,,

COMPUTED HYP= 5859967 ~31 4440 4 AT N 4S0L2C0CeY E HOLOOZTLD
CBS-COMPUTLCD = el ~Je? ==> DN= =fiay DE= Je i

- - - - - - - - -

A2-3



DIRKECT FLANE SOLUTION AT TEST PCINT NCs 2
A d ROk B0k % ok ok X o ot ok ook Rk Aol R 8 A IOK R oK o fok bk

HY.P CROULALC UutmM GRTD POSTTIUN

A B MORTHINS ZASTING  /Z1ITER/
OBSERVED H 563076 8 =41 73901 AT N 4901002060 E HOICDIa
GRID CCkKF=N =2 le¥ 231
PLANE VALUE 3628667 =41716el ==> N 4GC1000s4 & 59999979 / 1/

GKRID CORK~-=N ~21e2 236 1

m

PLANE VALUE 5928€e5 —=4171020 ==> N 496100060 HCTLade 0 / 2/



ITEKATIVI FLANLU SULUT11¢ AT TEST PUINT NUs 2
ok Ak d & A e Aok A Bdob b ek e g AR 4ok A A R Ak R Ao Rk ok ok

HY PERUWOLAE UTV GRID POSITIUN

A 3] NCRTHING SEASTING 71T/
OBSPRVFD H FQSO/oH -41739a1 AT N 4601 000e0 L h)ﬂJLJ.D
INITIAL POINT -2 i AT N 4950500« ¢C E 55720¢%.¢0
CUMPUTED HYP= 8794547 -443 AT N 495050040 C H50005a0

oBS-COMPUTED —2863 3+ 0 ~41 73463 ==> DN==34812643 DE= 293063,3

- — - - —— - ———— - -

N 49156377 & 579363e8 /7 L/

CUMPUTED HYP = 54281 e7 =29005 et AT N 49156877 = 57
OB S-COMPUTIED ~4G73e9 =12733000 == Dh:—12F20.3 . 1

N 49(‘3‘ 6LeG [ D96482 4 /S 2/

COMPUTED HYP= 5975769 —=3375Cel AT N 49030Hh0ed E 59043324
UBS-COMPUTED =45 Cel ~1949e ¢ ==> DN= =20NYeH DE= 341541

N 4Guli51e3 & UQJJS;E / 3/

COGMPUTED HYP= 59314ed =41C82e2 AT N 4G6{710G51e 2 £ 59935365
OB s5-COMPUTED - ~7 all =570 ==> DN= -01le 2 DE= I o

- . - - - - - -— -

H 46U 1JUCe L E 5CICCIDe /7 A/

CUMPUTED HYP= 5930 7e¢ -41 7391 AT N 4G01 00 € E /H00030e0
U3S-COMPUTED - et -G ol ==> DN= ‘—C.O OE= )
N ‘)JlO)J.C LB CHurde Ty S/ D/



DIRECT PLANE SULUTIUN AT TIEST PCLANT NCs 3
A% Ok R O oA o o d sl ok okl R Ak R RO K K R R R R KR 3k

HY P ERUOLAE UTid GKID PUSTITIUN

A 3 NGRTHING EASTING 7/ ITiER/
OUBSERVED i1 588916 4 42148366 AT N 49D0070.0C Eoo50190 e

— - - - — . —— L - - - — i~ —— - - . o~ -

GRID CGKF-N -2143 231
PLANE VALULC 5886Ye 7 “4212565 ==> N 48G6S9%e 6 & 612005 / 1/
GRID COR&-N =21l 2363

PLANE VALUE SBHOY o3 =42120e2 ==> N 4900000 £ C12006D 7/ 2/

1
~
9

Az-6



ITERATIVE FLANE SOLUTION AT TEST POINT Nle 3
o ot o e ok e ek AR A od R bl o o A e v b 3 AR OK oK ok ROk

HY PERLULAE UTM GRID POSITION

A 3} NCRTHING CAST IHG /1TER/
OBSERVED H 588916 & ~421484 € AT Hl 4G0CCLUCa0 20601 50) e
INITI AL POINT —-——> - AT N 49S0CH0e G E 5%u507a08
COMPUTED HYP = 37554,1 -711ae7 AT N 495COD0 o0 E 253505C0eC
OBS=-COMPUTED —-285663e 1 -41430e8 == DAN=~3502Ge 1l NDE= 29475 e5

——— o — — - e - oo - -

N 391497069 £ H73976e5 / 1/
COMPUTED HYP = 06338Ged -2939248 AT N 4914937269 Z B79570e5
GBS-COMPUTED ~4598e3 ~12754e8 ==> DN=-12835e2 DE= 17383301

- 22 s o - - - - - .-

N 492213567 E HY72€h4e€ / 2/
CUMPUTED HYP= 593493 =4U170e8 AT N 49G 213567 E 59735446
0B8S-COMPUTED 4530 3 =~1977e3 ==> DN= =2080e83 DE= 35272

NO4GACNSS.e E H6uUdBYleAd / 3/

CUMPUTED HYP= 58898632 ~42089e¢ AT N 4S500355%e0 E 5:03731e8
OBs-COMPUTED ~7e4 ~50e56 ==> DN= =549 DE= 1301

- - - — - -t - -

N 490000Ge C 6G1G3CeN) / 4/

m

CUMPUTED HYP= 5889163 ~42143e5 AT 1 4900500040 E 551790e )
OBS-COMPUTED - ois ~L e ==> DAN= ~Te L DE= Ja )

- - - - o cam . - -

N 493534:020e 0 E 5210460 4U / 3/
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DIRECT PLANE SOLUT10MN AT TZST PCINT NCe 4
Ak A A g Ok A ko ok g kol sk ok A2tk R R b KR ok Ok Kok

HY P COBULAL UTit GRID POSITION

A 13 NURTHING EASTING /71 TER/
CsSERVED H £9895e 5 =42440e 7 AT N 490100060 £ H531I000e40
GR1ID CGOKF=N ~21e2 2343
PLANE VALUE 5957442 “4242304 ==> il 4501CC2e4 < 6N0H999e9 7/ 1/

GRID CORR-N =2 1e4 23a 4

PLANE VALUE 5957461 —-4242364 ==2> N 4G01

e
)

ite

o
in




ITERATIVE FLANE S50LUTIOUN AT TH535T

HY FERUOLAL
A L

PUINT NOs %
Aok Ak okl e ok o o ok ol R QK ok ok R O OK Ok % ook kR ook KK

UTM GRID
MCRTHING

POSITION

EASTING /Z1TER/

OBSERVED H 595395 5 ~42440e 7 AT N 4SC1CNLe0 E O210G0L a0
INITI AL POINT — - AT N 49502060 E 55358070
CUMPUTED HYP= 8876345 -71562 AT N 495059060 E 535050906
OBS~-COMPUTED -284068s:) —=41731e5 ==> DN==-34747e¢ 3 DE= 29530643
N 49157527 = H30M03683 7 L7/
COMPUTED HYP = 04542406 ~-29041 3 AT N 49157527 E 5873753663
03S-COMPUTED =494 76 1 -1280%e 4 ==> DN=-12656e8 DE= 1734441
s memmee = fm e ————
N 4G0309%e9 E 597 230ed / 2/
COMPUTED HYP= 6004848 =4uU463.3 AT N 4935320959 E 59738).%
0BS-COMPUTED —-4510e 3 ~19Y8365 ==> DN= =2742,1 DE= 3512,1
N 4G01553e7 E 050392025 / 3/
COMPUTED HYP= 59602 et) =42287e¢1 AT M 4501053e7 L 60039265
035-COMPUTED ~7ai ~9%06 ==> DN= -532«7 DE= L2704
H 490157 0e 3 E 6010033 / 47/
COMPUTED HYP= 59595s3 ~=42446e7 AT N 4S01000e SSRGS O BALE BN
CdS5-COMPUTED el ~L e, ==> DN= ~-Uef DE= Jol
NOoAa9dluguet £ 6HI1YCDe0 / 5/
*¥EFERRORX %% END OF FILE ENCGUNTLRED O UNIT S5 (IbsM CJIE ITHC217)
PROGRAM WVAS EXECUTING LINE 19 IN RUUT INE M/PRIG WHEN TEIAINATIOIN UCCURRED

TATEMENTS EXECLTED= 453¢

ORE JSAGE OBJECT CubL=

IAGNOSTICS NUMBLCR OF ERRURS=

15712 &

YTZ9»ALRAY ARE A=

Ly NUM3ER OF

AD_o

1o BYTZS, TUTAL AREA AVAILAJLE=

NARM [N GS = T NUMBLR U EXTENSIUMS=

lLuaatn

1

YTES



Appendix III
FORTRAN PROGRAMS FOR THE ELLIPSOIDAL SOLUTION
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Aok o AOK Ok bk ok o o R R o R s ok ok B R Kok B ok e Aol A ok ok ok ook i kel ook k Rk ok dok Rk ok ROk RSOk Rk kR FABL E% %
3008 WATF IV STUIFELERGEN/ZUSPAGES=2( oT=3
St A h Ak bk ok Kok ok okok Rk Kok

C
C SELF-TEST OF LLL!PbCIDAL SOLUTIONS
C -------------------- -y A D - -
C
i IMPLICIT REAL%*8 (A=-H,U-2)
2 CCMMCN IBUu
e Sam— - - — e -
3 FlI= A.O*DATAN(iod UOO)o P 2=P I+4PI
5 DR=PI1/180e0 0DUO} RD= 1800 DOO/PI
7 IBUG=1
Ie) IEUG=C
9 NTEST=0O
C
C /*%% CLARKE 1866 CLLIPSOID
g AR T €I T E 26 Ee 4D CO T —Fl=294¢5786686—D00 - e
C
C 7%%% ENTER STATION CO-CRCINATES CF MASTERs, SLAVES A & 4
C /%%% GEODETIC LATITUDES AND LCNGITUDBES IN DEGREES
C /%%¥ LONGITUDES PUSITIVE EAST
C
12 READ s PHML,GL N, PHA sGLA, PHE »GLE
13 FRINT 30, PHN,CGLMy PHA,GLA,» PHB,GLB
—1 42 FERMAT(L MALSTER AT F13e8 v EXe—t—LONG=Ly F138/L———
$ ' SLAVE A LAT=', Fl3e8s Sx» ! LONG=', F13.8//
A ' SLAVE E LAT="', F13e8s EXy ? LONG='s, F13,8//)
C
15 FEM=FHM%0OK ; GLM=GLM%DF
17 FEA=FHA*DK GLA=GLA*CHR
19 PHB=FHU%*DR ; GLUB=GLB*CHR
C
— € k% - SPRERTCAL -CISTANCES -AND AZ IMUTHE-OF-BASELINES— —
21 CALL SPHINV(FHMyulL My, PHA,GLA, BASELl sAZNALAZ)
22 CALL SPHINV{(PHM,GLM, PHBsGLB,s BASE2,AZNB, AZ)
C
C /** INCLUDED ANGLE AT MASTER ANC BISECTOR AZIMUTH
23 =CMGO(AZMA-AZMB,y P12)
24 AZBIc CMVCD(AZNA-AMS/E «ULOU, P12)
C
@G e R RINT oy B ASE Ly B ASEE - - - e i e
26 PRINT, AZNAXRDy AZMEXKC
27 FRINTs AMSXRD, AZUIS*RC
28 CALL TITLE(PHMyGLMyPHA sGLA sPHB +GLB »

$ BASLE1,EASE2s AZMA,AZME, AM5,AZBIS)

A3~/



oONO0

VX3 MAIN CPERATING LUGP

29 CORRA=%e0; CCRRB=0a(
31 1¢C NTEST=NTEST+1
32 READs FRF,GLF
33 [ F(PHP4GLP- s EGe U LUII—STOP e
34 PHP=PHP¥DR ;  GLP=GLP#DR
C .
C /%%% GECOETIC DISTANCES PCGINT -F= TC TRARSMITTERS
C /4%% PRECISE GEODETIC DISTANCES ON THE ELLIPSOID
C Z%k% BY VINCENTY'S FURMULA
36 CALL VININ(AEFIs PHP,GLFs PHN,GLN, CM, AZFM)
37 CALL VININ(ALsFIs PFP,GLP s PHA, GLAs DA, AZPA)
38 CALL VININ{AEsF I+ FHP 3 GLFy—PHE ¢ €Ev- BByAZPH)—— —— -~
C
C 4x% FICTITICUS UBSERVED HYPCRBOLAE
c /%%% DERIVED FRUM EXACT LISTANCES BY VINCENTY'S FORMULA
39 FYPA=DA-DM;  HYPHB=DB=DW v :
C
C /kk% TEST CF CIRECT SCGLUTICN
41 PRINT 3GE
g 398 - FORMAT (1 H1/ /)
43 FRINT 162, NTEST
44 102 FORMAT(1H »7X,'OIRECT SCLUTICN = TEST FTe NO&', 12/
% 1k W7Xs31(1H¥) /)
45 CALL CCLHED( HYFA,HYFBs PFP,GLP)
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46
47

45

49
50
51

52
53

54
55

56
57

..,.,,759,,,,, S ——

60

61
62
63
64

66

o7

664 S

69

oo

(a¥eY e

0 o060

200

ITER=(
ITTER=TITER+1

/%%% SPFRERICAL SULUTIUN wITH MUODIFIED HYPEFROSOLAE
CALL HYCFH( AMS s BASEL vBASE2s»HYP A+CCRRAy HYPB+CUORRU,

g - ALAM1 yALAM2y DML yOMZ 41 CCDE) - e

CALL SEPHFUR(FHN oGLN, DN1s AZBIS-ALAM1ls PHPLlsGLP1)

CALL CYCLCIR(FYPA,HYPUY, CURRA,CURRBy PHP1,GLP1, PHP,GLP)
s7%%% CCMPUTE ELLIPSCID COCRRECTICNS

CALL FADLM(PHP1,GLP1, FHM,GLMN, SM,DEMyCOSM,CCSA,SINA)
CALL FADLM(PFPisGLFly FFAyGLA, SA,DSAsDDSACUSA ,SINA)

“CALL FADLMEPHFL3GLFLy FRE,GLE s SE»OSEsLDSA+sCOSASSINA) e e

/%%%k USE THE CCRRECTION TERMS ONLY
CORRI=(DSM+DOEMI-(LCSA+LOLCSA)
CORRZ2=(DSM+DOSM)=-(DEB-DDEB)

CHECK=CABS(CCRRA-CLRR1)+CABS(CORRE~ CURR2)
CORRA= CDRhl. CORRB=CCHRR2

—JEe e ———— — -

IF( CHECK obT. TGL) GOTC °00

/%%% TEST OF ITERATIVE NETHQO
/¥%% ROUGH INITIAL VALUE
FRINT 268

FRINT 1C4,s NTEST
104 FCRMAT(LIH +7X, *ITERATIVE SOLUTICN - TEST PTe NC." 12/
$ 1H 9 ?Xe 33(1IH%) V) - S S —— e i
CALL CCLFEC(FYFALZHYFE, PFFQGLF)
PHPI =(PHPL1+PHN) /24 C
GLPI={GLP1+GLM)/2e s

s%%% T TERATIVE ELLIFSOICAL SCLUTICN

CALL FYPGEO(FYPA, HYPB, PhPI+GLPI,s PHM,GLM, PHA ,GLAWPHEGLB, ITER)

P I ¥ o o o i S
END

A3-3



C
C

DGO |

70 SULBKROUTINE RYSFF(ANS,BASELl ,BASEZ,FYPA, RYPB,
1 ALAM1 , ALAMZ2, CWNl,DN2, ICCDE)
Gk A ook o ook o ook ok ook oo b ok koK g ok oKk ok b R ok dk ok F 3ok ok okok ok Rk KoK
C == DIRECT SOLUTION QF INTERSECT ING hYPtRBDLAt JN THE aPH;RE
C___---.----——-—-—-..-—-—-———-——--——--——-———-—- .........................
Tl - SINPLICIT-REAL ¥ - (A=kyU=2) e e e
72 CCMMCN 1BUG
73 PI=4 eCDCOXDATAN( 1e CDGU )3 RD=1ECeC COUG/PI
75 AE=6378 2(i6e4 s HYFLI=HYPA/ZAE FYPZ=HYPB /AE
C
78 SEI=CSIN(BASEL/2.0DCU) & SE2=CSIN(BASE2/20000)
80 CR1=CCCS(BASLEL/20C00); CB2=DCOS(BASE2/2.0D00)
82 SHI=DSIN(HYPL1/2,C DCU) S Sh2= CSIh(HYPZ/Z.ODOO)
e e C P — — JE S S e e - -
84 A1=(:u1—5h1)*(bLl+bh1)/(Stl*CEl3
85 A2=( SBZ=-SH2)%F(SB2¢ SH2) 7 (SB2%CB2)
80 El==CSIN(HYP]1)/USIN(BACEL)
87 EZ2==CSIN(HYP2)/CSIN(BASEZ)
C
88 Fl1=(A1+A2)/245DCL PZ=(A1-A2) /2.C DOC
U Clz(t ea)/‘.»ouc; C2=(B1-B2)/2.0 DOO
S — G e e e e e et e e e ettt e e — S
92 C= *01 P1%QZl, bINM J‘IN(AMC/c.CDOb) CUSM=DCCS(AMS/ .J
95 U= PZ#CLSN V=F1%5 INM
97 PHI=DATANZ2(U,V); R=UXCSIN(PHI) ¢ V¥DCOS(FHI)
C
99 IF(IEUC eNiie L) PRINT 1CGs Al A2, Bl,B2s PlsP2, 21,22,
DeslesVe Ry PHI
100 lOC FuRMAT(lH 2 4L 0e8/1F s4E20e8/7 1IH LZG.E/IH .ZLQU.E//)
e C - - — e e e e e et e e e e N
C 7/ LHELK FCR hL PD&EIBLE “CLUTICh
101 ICOLE=03 IF( R oLTe D) RETURN
C
C /7 ONE CR TwC PCSSIELE SCLUTICNES
103 THET A=DARS IN(D/R) & ALAMI=THETA=-PHI ; ALAMZ2=PI~-THETA-PI
c
C 77 DISTANCES VM leEe MASITIER TC PLINT -P~-
-—-106 - M Y= CATANA—=P 2 Q24+ - STINMEOSINCALAML ) ) ) e e e e
107 CM2=DATAN( —=-F2/7(Q2 + SINMXLCSIN(ALAMZ)))
C
C /7 CCDE TO ICERTIFY THE SOLUTIONE FCUND
1ug IF(DNY «CTe Go0 DOU) I1CCDE=1
109 IF( CM2 «GTe La G DOC) 1ICCDE=2
110 IF( CM1 oGTe U0l VUL «ANDe DM2Z2 oGTe (e CDQU) ICODLE=3
111 IF ( TBUG oEGe u) HETUhh
e S (_— - S — U S R
11z FRINT, ¢ hY:Ph'
113 PRINT, ICULE
114 PRINT 110, THZTA» PHLs ALAML , ALAMZ2, CM1,0CM2
115 110 FCRMAT(IH +2F2Ce8/)
116 RETUERN
117 END
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118

119
12¢

1cl

124

1248
129
130
131
132

133

134
135
13¢

COO0CODANNONCAC OF

|
i
|

on 6

OO0

IR EEE R IR E R SIS S E RSS2SR R R R R 8

“FRPyGLP - -

]
)
i
|
|
!
]
|
i
[
i
i
aid
l

SUBRCUT INE HEYFCEUG(UFRASGHESPHP yGLP yPHMy CLMsPHALZGLA s PHB » GLE
*

* &

ITERATIVE INTERSECTIUN CF HYPEREOLAE OMN THE ELLIBSCIOD

- - —- - — - —— " - . - - " =D Weh W W - b W - ————————— - — — - ——— -~ — - — - - -

OGOSERVEL HYPEREOLAE, FATTERNS A & E (METRES)
“INTTIAL--APPRO X e POSE-TION IN-LAT-&-LUNG-—(RADIANS) -
ALSC REFINEC LAT AND LONG 83y ITERATION

CHA,» CHI =
PHM, GL M . = GZUDETIC LAT & LCNG CF MASTER TRANSNMITTER

PrA, CLA GLUDETIC LAT & LONG OF SLAVE A
PHB,»GLS GEODETIC LAT & LCNG OF SLAVE B
1TEK NUMUER CF ITERATICGNS

EXTERNALS
“FADLM - e = - SUBREUTENE- FOR-GECGECETIC INVERSE-EY--ANDUYER-LAMBERT
= FORMULA FOR LLLIPSU[DAL DISTANCE A 0 0O

INPLICIT REC AL*G (A-H,0-2)
CCMMCNMN TEUG

PI=4 «GH*DATAN(1CDGU); RD=18Ce ¢ CNOQ/PI; AE=6378200e4 UOL

etk L TERATEON—L LR — e

TCL=1eU3} TEST=TOL+TOL} ITER=GC; I TMAX=20

CNAX =600 UuD+U3

WHILE (ITER oLEe ITMAX oANDe TEST «GEe TOL) DG
ITER=ITER+1
CALL FACLN(PEFP+sCLP+PFNyCLMySMyCSMsDDSMy CUSM,s SINM)
CALL FADLN(PHP +GLP +PHA yGLA ySA,CSADDSAy CGSAySINA)
CALL FALLN(P?H.uLPyPHB.uLB,¢LoDSB.DDbB’CUSBpSINB)
/**# ‘PHEFILAL leTAhCE< LCRFECTEC TO ELLIPbCIC
DN=SM4DSM+LDSM
DA=SA+CSA+LCSA
ODE=CSE+DEB+DDEB

/%%% CCNPUTEC HYFERECLICS AT =-F=
CRA=DA-DM;  CHB=DB~CM

/¥%% (OESERVED) - (CCNPUTEC) KYPERBOLIC DIFFERENCES
DHA=CHA=CHA;  DHB=UHE=CHB

/%%% A-MATRIX ELEMENTS(CH/LeFFI1)s (DF/DeLAMBDA)
DAP=COSA-CUSM; DAL=SINA-SINM
DBEP=COSB3-C0s5M;, DBL=S INB~-SINM

e ¥k % SUL VE-FOUR- THE—CCRRECTIGNS — BE, DL—EY CRAMERS RULE

DET=(CAP%0BL =~ OBP*DAL)*AE
CF=(CHAXLCEL - CHE*CAL)/DET
CL=(DAP%*DHB - DBP*DRA)/DET



onon

/%% LIMIT THE SIZE CF COURRECTION IF IT IS LARGE

148 DLC=DL*DCCSIPHP) CIST=AE®XCSCRT( LP*DP+DLC#0OLC)
150 FRACTN=14C
151 IF ( CIST oCGTs CMAX) FRACTN=CMAX/DIST
is52 CALL CYCLIT(an.CHE.PHr.cLP.DhA.LHB.DP JL.FRACTN.IT&R)
—183 ——  PHP=PHP+DP¥FRACTN ¢~ GLP=GLP+DL*F RAGTN - . -
155 TEST=CABS(CHA) + LAES(CHB)
- 156 ENDWHILE
157 IF ( IBLG «CQe C) RETURN
158 FRINT, ' HYFCEC!
155 PRINT,s CHA, (HB» PHFxR0Cs GLPXRD
160 PRINT, ' ITER=', ITER
161 PRINTs FHE#RCy GLP%KRC
—162- e PRINTy-DI EFy-TEST— - - I
163 RETURN
164 END

A3-6



C
C
T E LS TR E R R P R R R S R I L RS RS RS R E SRR E R R R R R RS R RS RS R R TS
C

165 SUBRCUTINE VININ(AESF,ALAT1,ALON1s ALATZ2.,ALONZ2, DIST,AZ)
CEOQDETIC INVERSE 4y VINCENTY*S METHOD
C —————————————— - - - - . = - - - - - . — - o ———— - — L — ———— — — — non >
166 INPLICIT REAL*B (A=-H,(C~2)
167 - CCMMON-TBUG - e s e
C
C== STATEMENT FUNCTICNE
168 SIN(A)=LCSINC(A)
16y CCs(ArY=CCCS(A)
L70 TAN(AY= DSIN(A)Y /DCLS(A)
171 ATAN(A )=DATAN(A)
172 ATANZ(ALE)=CATANZ2(A»B)
D 3 ¢ Rt —-——SQRT{A}=DEQAKT(A) — e —
174 AES(PA)=CABS(A)
175 SICO(AI=DSART(l o0& LCLL -~ A%XA)
C
C /xk¥ CCNSTANTS
76 PI=4¢0*DATAN(1aC DUC)
77 FUZZ=10D-12
78 FL=1 oG/ F
79— BESAE & {-le O=FL)
C
C=~ RECUCEC LATITULCES ANLC THEIR TRIG FUNCTIONS
1806 TUl=(1aC~-FL)YX TAN(ALATL)
181 TUZ=(1.0=-FLY* TAN(ALATZ)
igd2 Ul1=ATAMN(TUL1)
183 Lz=ATAN(TUZ)
C
-184 : ~EUL=C IN(UL ) - - -
185 cL2=SIN(L2)
130 Sul2=sUl*sU2
C
187 cul=CCcs(Ll)
188 Uu2=Ccos(uz)
189 Cules= CLI*CU2
C
e D e RS T—APPRU A -G R DIFFERENCEwIN LONGI-TUDE-=-D o LONG-UN -5PHEKE
190 CL=ALCMNZ2~-ALGCNI1
191 YOL=DL
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C
C —-=- ITERATICN LOUP
192 100 CONTINLE
193 SCL=SIN(DL)
194 CCL=CCS (DL
198 Cs=sL12 + Cul2%lbLL
G - e — € 8= S T CAH-CS) e . e —
197 SIG=ATANISS/(CS)
198 IF ( ABS (§5) oLTe FUZZ) SS=FUZZ
199 SA=CU12%SDL/SS
206G CA=51CL(SA) :
c01 CA2=CA*CA
202 C25M=CS ~ ( ZeU¥SUlc)/CAZ2
C .
c - D IFFERENCEGF L ENGe— CN-AUXILTARY-SPRERE - e
C
203 C=(FL/16eC )¥CA2%(4 oCH+(FL¥(460~3C*CA2)))
204 DL1=XDL+(I.O-C)*FL*SA*(<IG+C*CS ¥F(C2SM+CHCS* (=1 o0 +20*k(C25ME%2) ) ))
205 IF ( AES(ULL1-CL) 2LEs letD-14) GLTU 45
206 cL=DL1
207 GCTO 1¢0
208 45 CCNT INJUE
Fad
eCs L=(CAXx%2) * ((AE¥%2) - (UE**2)) / ( BE*%2)
210 A=1 e 0+ ((U/25€a0)%( E4eC+L%*(=126C+5eC*U)))
211 E = (U / S12e00) % (12860 + U ¥ ( =640 + ( 3740 % U )))
212 DEIG = B ¥ SS % (C2SM + (e253 % E % CS ¥ (=1e0 + 203%x{(L2S5M%%2)))
‘ C
C~— GECCZESIC CISTANCE
213 DIST= BE * A % ( SIG - DSIG)
- S . S S— B ; I R )
C=— CALCULATE THE FCFMARC AZINUTF
214 SO0L1= SIN(DLLL)
215 CCL1= CCS(DL1)
216 AZ1= ATAN&((CU2%SDOL1)»( CULI%RSU2-SUL*CU2%CDLL))
217 7¢ CONTINUE
C
C=-— BACK AZINUTH
2{8**“‘““*“"QZE-—AIAHf&*mﬂwG*ubl*SDLl)y(Sbi*GLE‘CUi*SUE*CDL)l~“
219 A2F=AZ1
226 IF(IBUGC oEGe ) RETUKN
221 FRINT, VININY
222 FRINTs CIST, AZl,A2Z
cz3 RETURN
z24 END




SUBRCUTINE FACLM(PHALGLAWPHD, CLE, SoDSnDDbo COS5 A, SINA)
Cokx F R d h Rk ok ok ok Rk R R kR Rk Rk kR kR kR kR kR ok ko ko ke ok ok kR Rk K XK
- GECDLTIC DISTANCE UY FURbYTft ANDOYER—LAMBCRT 4LTHUD

IMPLIC[T RECAL¥8 (A- Z,
INTEGER —IBHU € oo e e
CCMMCN I8UG

C
AE=€6378 20664 DIU FL=1a0DDUC/2S4e5787 DOGC
FEM= (PFE+PLFA )/ 20000 DPM={PHB-PHA)/2e C DGCQ
DLON=GLB~-GLA; CLM=DLCN/2e0 DO
C
SEM=CSIN(PHM); (PM=DCCS(PHM)
e - EDP =P S INCDPMY) = (B FP=DECS (EPM ) e
SDL=DSIN(DLM); CDL=DCLS(DLM)
C
K=SPNXCCPF, kK=SDP*CFWM
h=(CPM+SDP )X (CPM=-SOF); L=SDP*SDF + H¥SLOL*SDL
L=Ce CODC¥K¥K/ (1 a2D2C~-L) 3 V=2 0D 00 *KK%*KK /L
x=U+V, Y=U=-V
C
G f - S PR ER-TCAL - ARC—D I3 TANCEy DA RADIANS)- &S AMETRES)— e
D=2 COOCADARSIN(OSQRT(L) ) SINO=DSIN(D): COsSD=DCUS (D)
S=AE %D
T=D/SINC, E=3ueC LUOXCLSOS A=4 4 CDOCRTX(BeODCO+TXE/ 150D 33)
D=4 COJCK( Ge QDOC + TXxT) 3 B=-(C+L) C=T=(A+E )/ 2.,0D00
C .
L3=—AE+#SINC*(FL/GeULCOU) * ( THX = 32,0D00%Y)
opDsS= At*c[NU*(FL*FL/64QC DoY) *( x*(AfC*X)*Y*(Bfﬁ*Y)+J*X*Y)
C SR — e [ e e e S e
C /7 %%k CFADILNTJ FARTIAL CLRIVATIVEC
SA=DSINIPHA) ¢ CA=DCOS (FHA)
SB=DSIN(PHB) ; CB=DCOS(PHB)
SL=DSINI(DCLCN) CL=CCCS(CLUN)
COSA=(SAXxCU%CL-CAXSE)/SIND
SINA=={(CA%XCB*SL )/SIND
IF(IEUG oEGe U) KRETURN
-G - N — e e
DIST= S+DBS+DCS
PRINT»? FADLNM?Y PRINTyy SeLCSeLCDEy DIST
FRINTy CCEAy SINA
RETURN
END
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276

277
278

279
283

285
- .Nyz 8 6_., -

288
290

291
292
293

—294—
295

C
C

SLBROUTINE SFEFHFUOR(PHA yoLAWDWAZ,FHEGLB)
Cotok ok B 3 TA A R b ok A b ok R ok ok ok o e o ok ok ok Rk
C -= POSITICN CF =-EB-= IN SFFERICAL LAT AND LONG
C -~ BY SPHERICAL DISTANCE AND AZIMUTH FRCM =-A-
C-——--———‘.. —— - —— . - e W D - S N

e NPT T - REAL KB - AmH g G2 ) e
COMMON IBUG

C
SA=DSIN(PHA); CA=DCCS(PHA)
SD=DSIN(D) ; CO=DCLS(D)
S2=DSIN(AZ); C2=CCCS5(AZ)
c
FhE=DARS IN(CC*SA+SD*CA%C2).
e SE=D S INEPHB) - CE=DCESEPHB ) e
C
SL=S0%SZ/CB; CL=({CD-SA*SE) s (CA%CB)
CLB=CLA + CATAN2( SL,CL)
C

IBUG +E3e C) RETURN
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290

SUBRCOUTINE SPHINV(PHAGLA»PHO +GLByD ,AZABWAZBA)
C***************m************#*****#**###***#*#**#*4
SPHE RICAL DI“TANCE & AZleTH

L —————————————————————————————————————————————————————————

INFLICIT REAL*8 (A-F,0-2)
- CCHMMGN - FBUG - - e e e

PI= 400 CCUXLATAN(1e( DOU);  KD=1€0e0 DOO/PI
AE=6373206e4

[ &
CA=DCLS(PHA);  SA=CSIN(PRA); TA=SA/CA
CO=DCAS(PHBY) ; SB=CSIN(PHY) ; TE=S58/CB
OLUN=GLB-GLA;  SL=DSIN(DLON);  CL=CCCS(DLON

C

o CCSD=SA%EB -4 CACH*CLy ~ DSDARCLS{CCSD ) o
CIV= TB*CA=SA*CL;  AZAB=DATANZ(SLDIV)
CIV=TA%CE~-SE¥CL;  AZEA=CATANZ(-SL,0IV)
IF(IBUG elLie 1) RETURN

c

FRINT,* SPHINV?®

FRINT, 1t ¢

PRINTs PHASGLA, PHB,6LBs D,AZAB,A2EA
e FRINT s D% AL 4 A2ABRRD»—AZEARRE

RETURN

END
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C
324 DOUBLE PRECISION FUNCTICN RADN(IDSIN,AS)
C-~-- CEGRESS, MINUTLES AND bLCLNUa TG RADIANS IN DOUBLE PRECISICN
C ————————————————————————————————————————— - ——— - A -
325 IMPL ICIT REALXS8 (A=-H,(C~- Z)
326 Fl= 4.0*0ATAN(1.U Ddu)
—32F =L G=) o e R — - - — - — . -
3248 IF (AS oNES L.G SG=AS/DABS(AS)
329 IF ( IM4 oN[Ce Q) SG= IM/IABS(IM)
330 IF ( ID eNEe W) SG=10/71ABS(IC)
331 ANGLE=AS + 6C+U*DFLCAT( IM+60%IpES(IL))
332 RADN= SCXANGLE® (PI/18040)/(€CeC#*#€E0e0)
333 PRINT 1CC» IDs»INsAS
334 100 FCRMAT(1H u214.F9oh)
B35 e B TR N S —
236 END
337 SUBRCUT INE RADMIN( RADS, IDEGS, FMINS)
C B ko ok K ok Rk Bk ok R kokd ok Ak Rk bk b ko ok
333 INPLICIT REAL¥8B( A-H,C-2)
339 FI=4e0 * DATAN(1e0 DOO), SGN=DESIGN( 1e0 DQO,y» RADZS)
341 ANGLE=SGNXxKADS*18C.0C 0OC /7 P11
g DEG S ANGL By EMINS= (- -ANGLE=DELCAT —AI-LEGS)) X6U D LU —nv—
344 ANGLE=ANGLE + 1.0 D=G9
345 FETUERN, ENC
347 SLBRUOUTINE RADME(ANGLE s IDZGS e NIDMNE, SECS)
C 3 i g ok o 3 ok ok ok o dokok ok kR b ok R ok SOk ok R ob bk kR F
C ANGLES IN RACIANS TO DECREESs MINUTES AND SECONCS
C - —— - T e . N — L~ ——— - - — o -~ — — - - — — ——_
348 I NPLICIT-REAL%3 - (A—=F,y G=2) . R
349 PI2=Eev*DATAN(1e0GC UCU) ;s RD=36Ce0 CQO/PI2
351 SC=DSICN( i1el DBCUs ANGLE)
352 FUZ22=1e00U=-11 ANGC=(SCXxANCGLEXRD) + FU2Z
354 IDEG E=ANGD 3 ANGD =ANGD~DFLOAT(ICEGS)
356 ANGM=ANGD*Gu ¢ DGC 3 MINS=ANGM ; ANGM= ANGM=DFLOAT(MINS)
359 SECS=ANGMk GOl DOC ICEGS= (( SC % ICEGS ))
361 FETURN ; ENC
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SUBRCUTINE TITLE(PEM,GLNMPHALGLAZPRBIGLB,

363
BASEL ,BASE2, AZNA,AZMBs ANS.AZEIS)
C Rk o Ak ook Rk Rk kb okok okl k% ok ok b R R Bk ok ok A ook ok ok ko R K Rk e ok ok sk ok
C TITLE FAGE FCF ELLIFSUILAL PRCDLEV
C —————————————————————————————— - -
~364 - INPL ICIT-REAL*8 (A—Fy0=2) e —
365 COMMCN IBUG
366 PI=4 G #DATAN(1leC DUC);  RD=1E0eCDCC/PI;  DR=PI/130s0 DO
369 FRINT 398
370 36€ FCRMAT(1H1)
C
371 FRINT 4CC
372 40C FGRMAT(IH ///1H o 15X, S4(1H¥) /
T T T e T U H W 1SX0 Y TEST OF ELLIPSUIDAL-HYPERSOLIC INTERSECTION 1,
A YALGCRITEMS? /
B IH 427X, 'OIRECT AND [TERATIVE METHAD'/L1H , 15X, 54 (1H*)///
c
373 FRINT 402
374 402 FORMAT(IH 41SX,'TRANSMITTER STATICN FOSITICNS',
$ ' IN GEQDETIC CU-ORDINATES' /
1 1H +15X, 54 (1H*) /
y 1H .15X,1£LAFKE_JEG6AE11IPCf’P ',
E ' A=E3782C6e4 F= 1/2S5449737'///
C IH 226Xy ' LATITUDE s 7X 4t LCNGITUBE S/ /)
C
375 CALL RACNS(PFN, IOA,MA, SECA);  CALL RACMS(GLMyIDO MO, SECO)
ar7 PRINT 4C4, [DA+MA»SECA, IDO,MO,SECO
C
378 CALL RADMS (PEA, [UA MA»SECA)F  CALL RADMS(GLA,IDO,MdsSECI)
386 - —PRINT 4G6+—L0AsNAySECAy - LO0 s MO 9SECO o oo .
C
381 CALL RACMS(PFB, IDAYMA,SECA);  CALL RADMS(GLB,IDO+MJ»SECUI)
383 PRINT 4G3, IDAsMA,SECA, IDU,NCsSECG
C
384 404 FCRMAT(1R ,15X, 'MASTER ',  2(I€s '=', 12y *-', F6a3 ) /)
385 4CE FORMAT(1H ,15X,'SLAVE A'y  2(16, *='y I2, *'~', F6e3 ) / )
386 468 FORMAT(1H ,15X,'SLAVE B*s  2(1€, '=', 12, '=*, F6e3 ) /)
o C S — S _
287 ERINT 3S6
388 3S€ FORMATI1R //7)
389 FRINT 410
390 410 FURMAT(IH ,15X,'CHAIN CCNFIGURATION = SPHERICAL ANGLES & ARCS
k IH »18X, 4E(1IH~-) 7/
s 1F 415X, *CN SPHERE OF RACIUS A=6378206¢4 METRES® //
8 IH 43X ,'RADIANS', 18X, 'CEGREES' /
ey G € Xy 24V SLAVE = Am by 4 Xy LSLAVE =B =t s5X )£ /)
C 4
391 PRINT 412, BASEL,BASE2, EASEL*RL,EASE2#¥RD,
b ] AZMA.AZMU. AZMAX¥ROs AZNMB%¥RD
392 412 FCRMAT (1H 15Xy "BASELINE LENGTH? 32X+ 2F1349,2F 1346 /
% IH J15X, 'BASELINE AZIMUTH ', 2F1349, 2F1346 /7)
C
393 FRINT 416+ ANS,AMS#KD, AZBIS, AZBIS*RD
394 - 41€-FORMAT (AH 5 1EX 3 LANGLE-BE TUEEN-BASELIRNESL, F17e94F2406 /£ - —
$ 1H 415X, '0ISECTUR SPHERICAL AZIMUTH®»Fl4e9s F24e6 //)
295 FRINT 368
396 RETURN;  ENC;
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426
427

SUBROUT INE CGLKRED( FYPAJHYPB, PHP,GLP)
ok e ok Ok MR R R R ARk FR R kR Rk kE R Ak Rk kT Rk
IMPL ICIT REAL#¥8 (A-H,C-2)

FRINT, * ¢

PRINT 63¢€

636 FORMAT-CIH »25%s IHYPERUBULAE! » 12X GEGDE TIC-POSITIUN (DCGAMIN)ILL
)2

$ 1H TXe " =A==, IXg?= =P, 12X, 'LATITUDE ', €EX,'LINGITUDE?*/ /)
CALL RADMIN(FHP,IDLAT, FNLAT)
CALL RADMIN(GLP, IDLON,FMLUN)
FRINT €34, HYFAJHYPE, ICLAT,FMLAT, IDLONsFMLON
634 FORMAT(1IH »7X,'CBSERVED HYPBe e F10el,sFl2els! AT
$ 20 T44%=0, F7e444X) 7 1l +7Xs 7T2(1H=) /7)

ooo

- . . o

IMPLICIT REALX8 (A=F,0-2)
FRINT, " !
FRINT €€Cs» CLRRA,CURRB
665 FLRMAT (1H— 27X+t ELL- 1RSSOI CURR et 9yFllels Flzel)

CALL RACMIN(PEPP, IDLAT+FMLAT) ; CALL RADMIN(G OGNy FNLCN)
FRINT 670y HYPA+CORFA, FYPE+CORRB, IDLAT,FMLAT FMLON
67C FORMAT(IH »7X,4'SPHERICAL VALUE', Fllel sFl241,
3(1H )

% 2( ISs?'=1,F7e392X) 7/ 1H o 48Xy Z( I
DP=PHPP-PHP; OL=GLFP-GLF; CC=CCCS(FHF); CONV=E378206 ¢4

e C AL RACMIN(CRy 1OLATy FMLAT) 3 CALL - RADMIN(DL »—IDLIN »- FMLON) -

PRINT €S0y ICLAT, FNMLAT, IOLUCN,FMLGNs OP*CCNV, CL*CAONV %LU
6SC FORMAT(IH +4€X42(5X,11(1H=) ) 1Xx /

$ 1F +41Xs 'ERROR =1y 2( [7+s'="sF 7,

$ 1H 24iXse? IN METFRES'y 2(Fllals2X)

FRINT, ¢ ?

RETUERN, ENC

k]
~

» 1X) /
)
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C

429 SLBRCUTINE CYCLIT(CHA,CFB sPHP ;GLP »CHA,CHE,DP,DL ,FKACTN s ITER )
C ook ok b o o ook ok ok ok e ok ok ok ok o 3k ok %k ok Aok 3k ol ko ok e koo e Ak ok e ok ok ke ok ek Rk Kk R ok R R K
C ITERATICN CYCLE PRINT=CUT
C - D S D > NS D A . AP D - - —
430 INPLICIT REAL#3 (A=h,0-2)
431 AE=6373206+4, PI=4DFCATAN(L1eG COO)
e C - S — S - I I
433 CALL RALCMIN(PEP, IDLATsFMLAT)
434 CALL RADMIN(GLP sIVDLUNZFNLQON)
435 PRINT 6G6s CHAsCHB s IDLATSFMLAT, IDLONsFNLCN
436 606 FCRMAT (1 H s7Xs 'CUMFUTEL FYPBe=1, FllelsF13els" AT 1,
$ 22X 2([40"" ’F7.3’ Qx’ ’
C
437 : CALL RACNIN(CF#FKACTN, I1CLAT»FMLAT)
—438 - € AL R ADMEIN (DL FRACTN y 1 OLON y EFMLENYY———
439 FRINT 6CB8s DHA,CHB3, IDLATsFMLATs IDLGN sF NLCN
440 6C8 FLRMAT (1H +7X s UbS ~ CONPUTED=%, F1lel,F12els
. P EXe 20 LArt=1, F7e3s 4X) 7/
’ Ih +51Xs 12C1H=)s 4Xs12(1H=) )
c ,
441 CALL RADMINI( FPHP+OP*FRACTN, IDLAT, FMLAT)
44z CALL RADMINC GLP+DL #FRACTNs IDLGNs FMLCN)
443 FEINT 510 I TER s LELAT s FMLAT s IDLONs— FMLON
444 61C FORMATC(LH. +32X2 0 ITER NColy 12+3Xs2(14s0=0,F7e324X) /7))
C
445 FETUFA
44¢ END
S$ENTRY
ASTER LAT= 3d.00C020CC LONG=  0eCO0D0GO00
AVE A LAT= -30e600CJ000 LUNG= 32Je.00C0CC0C
AVE E LAT= €CeCOCOGOCO LCRG=  6(s0000000C
Cell598041770454150 Ol Ce BE3IB445S8S0T6787C 00
Cel518122145675865D U3 C.347150C395364823D 02
 Gell7U393216614€ 382003 —— 0532641052 E056736DC2-
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Appendix IV

TEST RUN OF ELLIPSOIDAL SOLUTIONS

- 48 -



A 3 ek o ok ok ok Aok b ok ook ok kg Aok b ok ok ok kR ok Aok Aok R ok kR ok kR kKKK kK

TEST CF ELLIFSCIDAL HYPERBOLIC INTERSECTIUN ALGORITHMS
CIRECT AND ITERATIVE METHCC

ok %A Aok ok Rk % o A ok ok ol e o ok Aol ok e Sk ook okook o ko o ook 3ROk R R K kR R ok ok

TRANSMITTER STATIUN PUSITIONS IN GEQODETIC CU-0ORDINATES
Ao % Aok 3 Aok A 3ok e d ok ok ook 4 bk ko 3OOk ok A R kK kK koK R R oK ROk F Rk ok

CLARKE 1&u0 ELLIPSCID A=637E2C6e 4 F= 1/294.5787

e b ATETUD E - - LONGI-TUDE- - - -
MASTER C30= 0- De000 0- C- 04000
SLAVE A ~30~= U= CeUUJ 30~ C- Ce00CQ

SLAVE B €6C- G- 0e00C 60- 0- 04000

CHAIN CCNFICURATIUON - SPRERICAL ANGLES & ARCS

CN-SFHERE CF FACIUS- A=€37820€e4 METRES— o

RADIANS DEGREES
SLAVE —~A- SLAVE -3~ SLAVE =A- SLAVE =-8-
EASELINE LENCTFH 16156804177 (CeB63844E£96S €664518384 4352494050

EASELINE AZIMUTH

20649640442 (e605891119

1514813215 340715J0C4

ANGLE EETWEEN LEASEL INES . 2eC43749323 117. 098211
BISECTCR SFHERICAL AZIMULTH 10 €27765781 536264116



CELLIPSCIC - CORRa— 44527 eb4— =245l el

DIRECT SOLUTION = T&ST FTe NGe 1
e e e ok ok ok odokok b bk R ok K Rk Rk R R kR ok %

HYPERBUOL AE
e A e AT T TUDE -
CHSERVEL FYPEe 520030263 -50%572e7 AT 45~ Ce00CC
ELLIPSGID €ORRs— ——Qev) e g G
SPHERICAL VALUE S520032€243 ~E5(G657267 == 44~ 414091
ERROR = 0= 184909
IN METRES - 350822

GEGDETIC POSITION (BEG/NMIN)
—LONSITUDE -~ —

30~ 136332

O~ 184332
2407661

SPHERICAL VALUEC 54488567 ~512023 8 == 44~ C£949665 29=- 594947
ERRCR = 0- D031 U= D0J63
IN METRES ~56eb =122 62
ELLIPSCID-CURRe— —— 444453 =271l oG- : . . -
SPHERICAL VALUE 524481146 ~E122836 € == 45- Qo031 30- De001
ERROR = G- Ue 001 G- DediJl
IN METRES l1e7 1e 4
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ITERATIVE SOLUTICN

-

TEST PTe

NCe 1

sk sl ek ok ok ok ok ok KK KR R # Rk KRk kR R K

HYPEFR EUL AE CEQDET IC POSITIUN (DEG/AIN)
A== AT ITUDE - o LONGITUDE-—
OBSEKVED hYPBe  S200362.3  =509572e7 AT 45— 040000 3G- 0e00C0
COUMPUTEL hYPEHe= EGCLEELEs7  24CECT72.7 AT 37- 3040060 15- 0e021
CBS — CCNPUTED= ——01645404 ~2917645e4 —— 3= 254235 — - 5= 14365
[TER NCe 1 40~ 554285 20- 14965
COMPUTED HYPBe= 572266545 125412244 AT 40~ 554285 20~ L4eS6E
(B5 — CONPUTED= =522303e3 =~1763665e1 2- 584937 S5- 564540
- [TER NCe 2 43= 564222 _ _26=_11+4566_
COMPUTED HYPBe= 54143C9e9 163898e5 AT 43- 544222 26- L1ed4EE
0HS - COMPUTED= =—213G47e6 ~E13471e2 1= 94268 3- 424332
ITER NCe 3 45- 34490 2G- 54,358
COMPUTED FYPEe= 521i201e7  =50553348 AT 45- 34490  2G- 54e3SE
OBS - CCMPUTED=  —1083%e4 -4C3846 0- 3.488 0- 564
ITER NCe 4 45- 04002 36~ Cel3z
COMPUTED FYPEez= 52(U326el  ~50S643¢& AT 45- 0e0063 30- De0:Z
0BS5S — CEMPUTED = 3 6@ e o 7] g2 Qo ) @ GO 3 0~ —0eD32
ITER NCe 5 45- 04000 26- 6Ge03C
CUMPUTEL FYPEe= 520036264  =50957245 AT 45- 0.00C 26~ 60e0J0
CBS — CCMPUTED= ~Gel G2 0- 000G 0- 0eda0
S e ITER -NGe -6 45m (400C 2= 500 0L
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CIRECT SCLUTICN

CBSERKVED HYPEe

——— - — —— —— — o — — 1~ — o — — L — - ——— _

CELLIPSGIE CORRe—

SPHERICAL VALUE

—ELLIPECIE—CORRe——44362e3—
312EC 4.

SPHER ICAL VALUE

HYPEREOLAE
R ..A‘ - — e — e S
5268142406 =638U06 7 AT

TEST PTe
o ok ok ok o 3 okok o Ak A ok sk 3ok ok oK oK ok 3 K %k

4444540

531259261

5

9

NOe ¢

CEODETIC POSITIUN (DEG/MIN)

e L AT ITUDE

-~ LONGITUDE ---

DeD3<0

- -2 7 1 e . 7 S B — S —— et et et e e
~640717e4 ==> 45— 594917 29— 394846
ERROR = 0- 0.083 G- GelEl
IN METRES ~-15345 - 19540
~3196e7 - -
-641203¢ 4 ==> 46= 04000 30~ 0901
ERRCR = 0- 04000 G- 0e0J1
IN METRES Oe 7 De7
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ITERATIVE SULUTICN - TEST PTe Nie 2
2k A Ak Ak ok ok kg e X ok o ok e A ook A Rk e Xe A g xk ok %
FYPEREOLAE CEGDETIC POSITIUN (DEG/MIN)
S A- e e . " LATITUDE LUNGITUDE
CBSERVEL HYPEe 526814206 —6380C6e7 AT 46= 040000 30~ 0. 0030
CUMPUTED HYPBe= 6C4E13Sea9 233829048 AT 338- 04000 15- Ge0QG
0BS — CCMPUTED= ——77¢557e3 ——25716257e8 — 3= 349175 — — — 5= 7e4Eb
ITER NCe 1 41- 344175 20- 74436
COMPUTED HYPBe= 577C790e2 118004542 AT 41~ 344175 20- Ted4EE
0BS ~ CCMPUTED= —502G47e6 —1818C51e6 3- 9,228 5- 50e523
- ITER NCe 2 44= 434403 25= 58¢0 14
COMPUTED HYPEe= 5482664s1 2234642 AT 44~ 434403 25- 58,9014
85 — CCMPUTED= —214£21e5 ~=6€C35245 1- 204663 3- 554231
[TER NCe 3 46= 44066 2G- 53256
COMPUTEL HYPEe= 528U53ie6 ~-633186e2 AT 46= 4e06€ 2G- S5342%%
OBS - CCMPUTED=  ~1238%e0 Z4820.5 D= 44065 D- 6e746
ITER NCe 4 46=. 06001 3¢- Ced4l
COMPUTEL FYPEe= 5268094e7 —E38J92.C AT 46- 04001 36- De04l
685 -~ CEMPUTED S 4 g 35 a3 Qm DgQC b G 0 oD 4L
ITER NOe 5 46= 04000 26- 60e0¢0
CCMPUTED FYPEe= 526814247  ~63I600605 AT 46- 0e006 26= 606030
0BS - CCMPUTED = ~Cel ~Ca2 0- 040C0 0= 0003
—— ITER NGe 6 46m 0edIC— 26= 60000
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CIRECT SCLUTICN = TLEET PTe

NUe 3

2RSS IS SIS RIS LR ELEEEELE LS TR

HYPEREOLAE GEODETIC PUEI
S e P L AT I TUDE-
(BSERVED hYPEe 51276405 -63256644 AT 45~ GeD00GQC

ELLIPSOIC CORRw —
SPHERICAL VALUE 5171983a1

4426586 -

TIuN

{DEG/MIN)

31- 0,G3CGQA

e T B R e

LONGITUDE——

ELLIPSEIC CORFv—— 4462545
SPHERICAL VALUE 517224640

ELLIPSCID0-CORRo —
SPHERICAL VALUE $172245e2

~b4ERLeT

A4-6

,___,.._..,3 1 (_; 6,' 5 — — e e e e e e e e e e
-63576205 ==> 45- 040852 31-  C. 305
ERROR = 0~ 06092 G- Ge339
IN METRES 17Ce8 40448
-2374-+5
-63494143 ==> 45— 04001 31- 0.001
ERRCR = 0- 0001 0- 0ed41
IN METFES 243 Ge7
=237 508 e e
~63454243 == 45~ 04001 31- Ue0OUl
ERROR = 0- 0,001 J-  0e0dl
IN METRES 2.2 le 4



ITERATIVE SOLUTION -

TEST PTe NUe 3-

ES2IEE S RS REIEE SRR RS LR LS SRS

RYPEREULAE

CEODET IC POSITION

(DEG/MIN)

- S —— e A e L AT FTUDE -~ LUNGITUDE -
OBSERVED FYPH. 512762065  -632566e4 AT 45= 040000 31- 040000
COMPUTEC FYPEe+= SSEEEG7.5  2341835,7 AT 37- 304001 15- 304091
GBS = CCMPUTED=—833977eG——2574402e 13— —— 3= 22171 — —  —— 5~ 1 86145 —

ITER NCe 1 40- 524171 2U- 484150

COMPUTED HYPHe= 567084€e5 11S0604el AT 40- 524171 20~ 484150

QBS = CCMPUTED= =-543226el —182317045 2- 554829 5- 584917
I TER—NCe—2 43m 480000 262 470056 —

COMPUTED HYPBe= 536149101 4377445 AT 43- 484000 26- 4TeDEE

GBS - CGMPUTED= =23387(e6 =€76340e6 1- 164230 4= 692D

ITER NCe 3 45- 44230 30- 53.0€EE€

CGMPUTEC hYPEe= 5141006e4  -627278e7 AT 45- 44230 30- 53.0€€

CBS - CCMPUTED=  -1338%549 -528747 0- 4227 0- 64974

ITER NCe 4 45-  0e03 31- ‘0,040

COMPUTEC FYPEe= 512757448  -63265444 AT 45~ 0.003 31-  Ge040
0B5-— CENPUTED = 467 8840 QG e OL-3 00040 -

ITER NCe 5 45- 04006 3¢~ 6040C0

COGMPUTEL FYPEe= 512762066  —E22566e2 AT 45- 0000 3C6- 604030

0BS - CCMPUTEDS= -Uel -0e2 0- 04000 - 04040
e I TER-NCe—6 45 00090 3Gm 65Gs 030 —

ATEMENTS EXECUTED=
‘RE USAGE
AGNOETICS

IMPILE TIME= Cedis

UBJECT CULDE=
~NUMBER OF ERRORSS

o6L37

SEC, EXECUT ICN T IME=

27464 EYTES . ARRAY ARE A=
G.'.v

NUMBER--GF- WARNINGS = -
1Ce 44457

Ce3C SEC,

Ad-7

16 BYTES, TUTAL AREA AVAILABLE=

162400
NUNMBER - CF-EXTENSIONS=
17

Oy

TUZ SJAY FEB 31

BYTES

22

WATF IV

I





