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ABSTRACT 

Several methods are discussed of solving for the point of 
intersection of a pair of hyperbolic lines of position as 
generated by commonly used radionavigation systems e.g. 
Decca, Loran-G, Omega, Syledis, Raydist or HiFix. 

Both the plane and the spherical problem are treated by 
the we 11-known iterative technique and by a direct 
trigonometrical solution. Numerous analogies are apparent 
between the plane and the spherical solutions. 

For the direct method on the ellipsoid, a new and easier 
solution is presented. Notably, geodetic positions on the 
ellipsoid are calculated accurately for very long lines by 
spherical trigonometric 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 of 
determining the point of intersection of a pair of 
hyperbolic position lines on the earth's surface. These 
lines of position (LOP's) are generated by many of the 
electronic navigation systems operating today, for which a 
shipboard 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 commonly used methods are 
iterative which, with minor variations, operate by a 
trial-and error method. Beginning with an initial estimated 
point, the position is repeatedly improved by a correction 
vector, calculated using a local linear approximation of the 
pattern geometry, until the position found satisfies the 
observations. This technique is widely used for its 
simplicity, but has the drawback of sometimes converging on 
the wrong solution or diverging altogether. A version of the 
iterative method is described in this report and 
demonstrated in Fortran~ 

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 on a spherical 
approximation, with a mean sphere chosen to represent the 
local curvature of the ellipsoid in the working area. Fer 
the earlier, less accurate systems this approximation is 
quite adequate. 
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In this report a direct method is derived which does not 
make use of a mean best-fit sphere. Instead positions are 
found on the ellipsoid directly, by modifying the measured 
hyperbolae with ellipsoid correct ion terms and solving the 
problem on an auxiliary sphere. The modifying terms are such 
that the resulting latitude and longitude found on the 
auxiliary sphere are identical in value to the geodetic 
position of the point on the ellipsoid. In this way 
spherical trigonometric formulae can be used to calculate 
geodetic positions. 

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

In order to test the same idea in a simpler reference 
frame, the iterative and direct method are also developed 
for the plane solution and tested in Fortran. The 
observations are similarly modified, here to correspond to 
the auxiliary plane of the chosen map projection. This 
technique of computing on a plane of projection is widely 
used by surveyors, enabling them to use plane trigonometry 
for co-ordinate computations on a curved earth. 
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Chapter 2 

HYPERBOLIC POSITIONING SYSTEMS 

A large number of positioning systems are based on the 
principle of location 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 to determine the 
position of enemy guns. The military still use 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 lines, observed by 
listening to an ordinary radio receiver. By counting the 
dots v s. 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 
pat tern results from the degenerate form assumed by the 
family of hyperbolae when the focal points at the 
transmitt~r 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-e, Lor an-D , AccuFix 
and Pulse-8. With the effectiveness of Loran-e 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, 
of short and medium 
r ad iolocat ion cover age 
exploration work, 

around 2 mHz, a considerable number 
range systems operate to provide 
near land for hydrographic survey, 
dredging projects and harbour 
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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 trope-scatter propagation phenomenon; 
and correlation detection on faint signals, operating 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 lines 
generated by a hyperbolic system is shown in diagram form in 
figure 1 . An excerpt from an ocean navigation chart for 
the Loran-e system used by ships and aircraft show (figure 
2) the lineal pattern of position lines for an area in the 
mid-Atlantic; highly curved hyperbolae 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 purpose 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 of metres. It is assumed to produce values which 
represent the difference in length 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 to the next, and leave aside 
issues such as the effective velocity of propagation, 
locking constants or emission delays, non-linear phase lag 
effects; calibration constants, skywave corrections 
,overland signal path effects etc. All of these are assumed 
to be compensated for automatically in our hypothetical 
ideal receiver. 
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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 longitude on the reference ellipsoid. Its 
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, etc 

( Bomford, 1973). The 1 ist is a long 1 i tany; each 
organisation seemingly tends to favour a particular 
algorithm. Some of the methods are variations of the same 
basic approach. 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 version, now 
known as the For sythe-Andoyer-Lambert formula with errors 
in the approximation of the distance amounting to about one 
metre for very long lines. 
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In this report the Andoyer-Lambert method is made use of 
for the hyperbolic intersection pro~lem. The detailed 
explanation and derivation by (Thomas,1965) together with 
the algorithm by Razin ( 1967), further explained by Fell 
(1975), lead naturally to the approach taken here to solving 
the hyperbolic intersection problem on the ellipsoid. 
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 Andoyer-Lambert method consists of calculating a 
spherical arc length on an auxiliary sphere of 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 
a=6378 206.4 m. 

(Flattening) 
( Clarke 1666 ellipsoid) 

The spherical arc d is found by the cosine law: 

The flattening correction terms: 

il~= -{xd -3Ysind)/4 

X=.P+Q Y• P-Q 

P=(sin~ 
2• 

+sin ~8) 
1 + c".s d 

t;? = (sin ¢ .... -sin ~)'2 
.1 - co.sd 

z 
A = 64d + J6cL7t-an cl 

D = 48sind + Bdjsincl 
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B = -2D E ""' 30 .:un 2cl. 

c - - (3od + adjfand + e/z) 

Note that in the cosine law above the "spherical arc" 
length is obtained by entering geodetic latitudes into a 
spherical formula. The correct ion terms are matched to the 
data type (geodetic) to yield the proper ellipsoidal arc 
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 e 
latitudes~ by the formula: 

tan e 
t.an"¢> a 

are related to geodetic 

The conversion to parametric latitudes, of 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%. 
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TABLE 1 

Truncation Error in Short Lines 

----------------------------------------------------------------------------------------------------------------------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. 170 170 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 ana.lysis 
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: 

~X . = cos ~8 co.s .0~ - cos ~A 

A Y = co.:s ¢8 sin A:>. 

.dZ = sin cp8 - sin ¢.4 

Chcrd c: 
z )z 1z cz "' {il.Y} + {.11 Y + {.11Z 

Arc d: sin ( cllz) = C/2 

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

. zd. 
Sinz 

,~. .11:A)z ( _ 4 J\ ,~... )z = (sin~'f' co~-z + s'nz cos ¥'M 

ArjJ.,~-¢8 
~A .. i\A- ~s 
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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 also 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 arc 
distance which still yields adequate precision. The maximum 
error of 50 metres ( only on very long lines )is well within 
the magnitude of the error that usually occurs in 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 in reverse to the 
measurements, converting them to corresponding spherical 
quantities, then spherical trigonometric formulae can be 
applied. With valid spherical formulae between geodetic 
positions, any spherical latitudes and longitudes calculated 
with the corrected measurements are in fact geodetic 
positions. Thus the basis of the Andoyer-Lambert method 
leads to a significant simplification in the determination 
of geodetic positions. The problem of mapping a solution on 
an auxiliary sphere back to the ellipsoid does 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 previous 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. 
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A set of test lines, ranging between 2500 and 7500 
kilometres in length, are shown calculated in the table 
following to compare the Forsythe-Andoyer-Lambert method 
with Vincenty's geodetic inverse formula. The distances are 
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 
with Vincenty's Formula 

Major semi-axis: a=6378 206.4 Flattening f= 1/294~9787 
Distances in metres 

13 

--------------------------------------------------------------------------------------------------------------------------------Test 
Line 

Spherical 
Distance 

Corr'ns 
.6d, 

Forsythe- Vincenty Diff. 
Adz And-Lamb~ Geo-Inv~ ( m.) 

1 M-A 7397470.4 -35918.4 +52.2 7396234.28 234.40 -0.12 

2 M-B 5509779.1 +2167~9 -3.0 5511943.95 943.97 -0.02 

3 M-P 3104240.9 +57.9 -0.7 3104298.11 298.13 -0.02 

4 P-M 3104240.9 +57~9 -0.7 3104298.11 298.13 -0.02 

5 P-A 8349052.6 -44413.2 +20.9 8304660~33 660.40 -0.07 

6 P-B 2591961.3 2766.0 -1~9 2594725.46 725.45 +0.01 



TABLE 2 

Test Point Locations 

Geodetic Positions of Test Points 

Clarke 1866 Ellipsoid 

----------------------------------------------------------------------------------------------------------Point Latitude Longitude Station 

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 

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

An elaborate comparison of geodetic line formulae was 
~arried out by Delorme(1978). Sodano's Fourth Method, 
Robbins' formula, Vincenty's formula, the Andoyer-Lambert 
3nd 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 geodetic inverse is shown coded in Fortran in 
the appendix as subroutine VININ; the Andoyer-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 

' 

' 
Figure 4: Intersection of Plane Hyperbolae 

GIVEN: 

N 
.c:: 
+ 
E 

The hyperbolic chain confi~uration defined by: 
-the baseline lengths ~ and ~ (metres grid distance) 
-the included grid angle 2M at Master 
-the observed hyperbolae h1 and h2 (in units of metres) 

The hyperbolae are taken as: h =S-rn 

( "Slave-minus-Master" convention ) 

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

The solution 
earth model. In 
be taken into 
factor. 

by plane geometry assumes an ideal flat 
practice the effect of earth curvature must 

account, by means of the projection scale 

In this derivation the computation 
interspersed as Fortran code segments~ 

steps are shown 

Applying the cosine law to each of the triangles MPS1 and 
M P Sz. ( F i g ~ 4 ) : 

Cancelling and re-arranging, 

2 "'h + z ml:. cos oc: 

Z m { h + & cosoc..) = 

Divide by b and isolate cose< , 

m("/;, .,_ co.soc.) = (1/-J,Zjjzt. 

cos oc = {'/m){bt-1,~/zt -("h) 

Substitute new variables, 

·M +l = a, M -;t - ~z 

X= 1m 

A· • (6~-h~llz~,. 
C 4 I Jj• C ••· L - I .. Z 
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We obtain a pair of equations, one for each triangle, 

cos {M+>.) == A,X + 8 1 

in which the unknowns are X and >-. 

Fortran Code Segment 

A1 = (BASE1-HYP1)*(BASE1+HYP1)/(2.0*BASE1) 
A2 = (BASE2-HYP2)*(BASE2+HYP2)/(2.0*BASE2) 

B1 = -HYP1/BASE1 
82 = -HYP2/BASE2 

Expanding the ~os (M~ >.) .and t"o.S(M-~) terms, 
cos M cos::\ - sin M si;,.i\ = A, X+ 8, 

cos M cos~ + sinM sin A == ~X+ Bz 

Adding and subtracting equations, 
2 co.sl'1 cos~ = {A, +Az) X + (B, + Bz) 

-z ~inM sini\ = (A,-Az)X + (B, -Bz) 

Substituting new variables P and Q: 

~ = {A,+Az)/z Pz = {A,-Az)/2 

Q1 = (B, + 82 )/z· Qz = ( B, -~)/z 
'i'Je have. 

cos fVI cOS ~ - ~ X + ~J 

-Sin M s,-n il =- Pz X + Q2 

Multiplying equations by ~ 
subtracting to eliminate X, 

and P, 

Pz cos M cos A = PzP,X +-PzQ, 

-P. sin M s,;., il = P,PzX +P, Qz , 
- -- - --- - - - -

respectively, and 

Pz cos M CDS~ + ;; sin Msin.A .. Pz~ - P, l?z 

17 



Substitute new variables U,V and D: 

U ·= ~ co.sM 

Fortran Code Segment 

P1 = (A1+A2)/2.0; 
P2 = (A1-A2)/2.0; 

U = P2*COS(AMS/2~0); 
D = P2*01 - P1*02 

The expression, 

V = FJ sin M 

01 = (81+82)/2.0 
02 = (81-82)/2.0 

V = P1*SIN(AMS/2.0) 

U cos,.;\ + V .sin ;\ - D 

can be ~ast in the form, 

R .sin tp co.sl + R cos fJ sinit == D 

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

U = R sin¢' 

Solving, 

U $in ¢ + V co.s if, 
( The double division // is meant to denote the 4-quadrant 

resolution of the arc-tan function) 

Divide by R, 

Sin f/J co.s'A. + co.s 1/J .sin). = DfR 

sin[¢+>.) = D/R 

18 



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

Let () = cp + A. 
DfR = sin e = sin {TT -e) 

A1 = e- ¢> 

~z = 7T - e- ¢' 

Or: 
A· 
' 

= arc51n (0/R}. - arctan {UI/V} 
I 

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 )" are substituted in equation 

Pz X + Qz = - stn M s1n.iJ 

Solving for X 

X = - ( qz +- s/n M sint1) / Pz 

yields the distance m ( = MP ) 

mi = - Pz /( Q2 + s,', M sin At) 

For m negative, an invalid solution results, 
corresponding to an intersection with a conjugate hyperbola. 
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Fortran Code Segment 

DM1 = -P2/( Q2 + SIN(AMS/2.0)*SIN(ALAM1)) 
DM2 = -P2/( Q2 + SIN(AMS/2.0)*SIN(AL~M2)) 

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 is shown as a Fortran 
subroutine HYPLAN in the appendix. 

20 



4~3 PLANE SOLUTION WITH PROJECTION SCALE FACTOR 

To account for the curvature of the earth and to 
correctly position· in the plane co-ordinate system of the 
survey projection, the observed hyperbolic 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, == k d = d + {k-1} d - d + 4 c:l 

~ d = (k-.1) d 

To apply the grid corrections Ad to the hyperbolae, 

h; = s/- 1?7' 

Separating the grid distance from the correction term, 

h i = S c· - "! __ 

Llh; = {k; -.1} S.· - ( k,., -1) m 

Ll h, .:.. ( k, -.1) s/ - { k,., -J) m' 

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

To find an accurate line scale factor k, the as yet 
unknown position of P is needed, at least to some 
approximation. Thus in practice this direct solution cannot 
be non-iterative. 
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The values of the line scale factors k vary very 
gradually with position, so that in most cases the position 
of a previous fix is 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 latitude 
function XVIII, which is tabulated as a function of Northing 
in the U.S. Army Map Service UT~ tables ( AMS, 1958), and 
represented here by an approximation formula. The for~ulae 
for the UTM and other conformal projections e.g. the 
Stereographic and Lambert Conformal Conic projection may be 
found in ( Krakiwsky ;1974). 
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Chapter 5 

DIRECT SOLUTION ON THE ELLIPSOID 

5.1 PROBLEM STATEMENT 

~-----... s2 

' 
\ 

\ 

\ 
\ 

8~1----------~------~-,--------~ 
m+h1 \ 

Figure 5: Intersection of Spherical Hyperbolae· 

GIVEN: The hyperbolic chain configuration defined by: 
-the baseline 1 eng ths b1 and b2 in radians, 
-the included spherical angle 2M between baselines, 
-and the observed hyperbola h 1 and h2 in radians. 

REQUIRED: The angle~ and spherical distance m (= M-P). 
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5.2 DERIVATION OF THE SPHERICAL SOLUTION ---
Applying the cosine law of spherical trigonometry, to 

each of triangles MPS1 and MPSz 

cos (m +h) = cos l. CD$ m + sin t. sin rn ~Dscc. 

cos m CD:s h -sin m sinh = CDS l. cos m +sin{. stn m cosQt 

Dividing by cos m and re-arranging: 

cosh - fan m sinh = cos I. + tan m sin I. cos q; 

sin' cosec. +sinh • - co"t m (cost. -cosh) 

Divide by sin b~ and isolate cosO(: 

cos 0( = -cot m( co5 '.-cosh) .sinh 
Sl n 6 J - :shz l 

Using a half-angle substitution: cos x ... .t - z s;n 2 : 

Substitute new variables 

M + .:\ = "'' M - A = Olz 

Be = - si'n h-jsin 6-~ ~ 

We now have a pair 
cos ( 1'1 +~) = 
cos ( 1'1- .:\) = 

of equations: 

A,X +4 
AzX +8z 

i - ,.,2 

with unknowns A and X; the equations have the same 
form as the plane case and solving for A is done in the 
same way. For the two values of Ai , the corresponding 
values of the arc distance m are found by: 

fan mi ... -Pzj(Q2 +si~Msi'nAc) 
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Using the azimuth of the bisector and the angle A at 
Master, we have the azimuth from Master to 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 is the geodetic position of the 
ship. 

The parallels between the plane solution, using UTM scale 
factor corrections, and the ellipsoid solution 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 is 
repeatedly updated with a correction vector, until the fix 
satisfies the observed hyperbolae. 

The mathematical model: 

(Computed Hyperbolae) - (Observed Hyperbolae) = 0 

Hl N , E ) - h ( = 0 

Expanding the vector function H by Taylor'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. 

Two linear equations with step corrections .6. N , .Ll.E as 
unknowns are extracted: 

aH, au, 

. [::] [ h, -H~] --;,N ~E = 
-;)Uz '3Hz hz -liz -7JN 7JE 

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 stations. 

"CJH· 
~ : CD'S «, - COS OC.i 
I!JN 

oH· 
~ = sin CX111 - Sin CC.i 
'a E. 

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

Nn.,1 • N, + .4 N 

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

Computed H - Observed h = 0 

... h-• = 0 

Linearized by Taylor's series about an initial point of 
expansion P: 

= h, 

In matrix form the equations are: 

£1£ ,<P 

The partial derivatives of the observed hyperbolae with 
respect to latitude and longitude are found by taking 
differences between the derivatives of the spherical 
distances; these in turn are found by differentiating the 
cosine law of spherical trigonometry: 

R is an earth radius which converts arc lengths in 
radians to distances in metres. 
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The method indicated here is described in detail by 
Mackereth(1976). Instead of taking the tangent plane 
approximation by derivatives; he uses 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 between the plane and 
the ellipsoidal solution, as shown below. 

PLANE 

Plane distances by 
Pythagoras' theorem 

Projection scale factor 
correction from grid 
to ground distance 

ELLIPSOID 

Spherical distances by 
cosine law 

Andoyer-Lambert corrections 
from spherical to ellipsoidal 
distance 

30 

Partial derivatives are 
functions of plane azimuth 

Partial derivatives are 
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 ellipsoid 
respectively. 

6~4 REMARKS ON THE ITERATIVE METHOD 

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



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

2. With an initial approximation taken sufficiently 
close, 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. 

3. An incorrect choice of solution 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 solution is 
confirmed. 

4. 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 looping could also occur if the break-out 
tolerance is set too finely i.e. smaller than the 
roundoff 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 iteration loop. 

5. 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 1 in ear form. Thus the iterative method 
has the advantage of being easily extended to include 
redundant position lines in a least squares solution. 
An overdetermined solution improves the fix quality 
and can provide an estimate of errors derived from 
the covariance matrix of the solution. 

6. Including a third LOP makes the solution 
eliminating the ambiguity between the two 
points of intersection. 

unique, 
possible 
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In some systems e.g. Loran-e , 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 solution with a very low 
weight. The effect is to steer the process of 
convergence towards the desired solution. 

7. The iterative algorithm is 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 led to the development of the 
'co-ordinate converter'; a unit attached to the navigation 
receiver; which continuously runs the hyperbolic fix 
computation and displays the ship's position in rectangular 
grid or geographic co-ordinates. One such undertaking is 
described by ( Culver & Danklefs;1977). 
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Chapter 7 

TEST SOLUTIONS 

7.1 RESULTS IN UTM 

For the plane solution a cluster of four test points were 
evaluated by the iterative and the direct method, in the UTM 
coordinate system. 

TABLE 4 

Test Points on UTM 

--------------------------------------------------------------------------------------------------------------------Hyperbolae Grid U.T.M. Position 
No. A B Corrections Northing Easting 

58599.7 -41444.4 -21.0 23. 1 N 4900000.0 E 600000.0 

2 59307.8 -41739.1 -21.3 23. 1 N 4901000.0 E 600000.0 

3 58391.0 -42148.6 -21.1 23.3 N 4900000.0 E 601000.0 

4 59595.5 -42446.6 -21.4 23~4 N 4901000.0 E 601000.0 

-metres- -metres- -metres-
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7;2 TEST POINTS ON THE ELLIPSOID 

Three test points were evaluated in 
Lat 45 degrees North and 30 degrees 
separated by about 60 nautical miles 
n.m. East-West. 

TABLE 5 

the neighbourhood of 
East. The points are 

North-South and 42 

Results on the Ellipsoid 
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----------------------------------------------------------------------------------------------------------------------------Hyperbolae Ellipsoid Position Error 
No~ A 8 Corrections Lat. Long. (metres) 

1 5200362 -509572 44449 -2711 N 45-00 E 30-00 L7 

2 5268143 -638007 44362 . -3196 N 46-00 E 30-00 0.7 

3 5127620 -632566 44624 -2376 N 45-00 E 31-00 2.2 

-metres- -metres-

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 45 
kilometre shift. 

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

L4 

0~7 

L4 



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

The test points are located so, that the geometry is 
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. In this test, the 
round-off problem is not properly tested for. 

The intermediate steps of the iterative calculation show 
that the convergence is 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 solutions 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 a~cumulation of round-off is 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 is everywhere numerically stable. In 
testing it is quite possible to miss a particular 
combination of values which cause the answer to blow up. 

In Forsyt~e,Malcol~ & 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 
tntermediate 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 also an ellipse; 
having one of its focal points at a point diametrically 
opposite to a transmitter station. A pair of closed curves 
can only intersect at an even number of points. Thus by 
geometrical reasoning we also arrive at two possible 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 is 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 identifies each 
solution point mathematically~ A similar idea, applied to 
spherical triangles for astronomic fixing at sea is 
described by Bennett (1980) for use with pocket 
programmable calculators. 
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Chapter 9 

SUMMARY 

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

solution 
on the 

derived. 
with the 

The ellipsoidal solution, as a spherical solution 
with modified data, follows 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, Stereographic or Lambert 
Conformal Conic Projection. 

2. Test runs were made to compare the direct solution 
with the currently widely used iterative technique. 
The direct solution is slightly faster. It can 
easily detect impossible fixes due to bad data, is 
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 least 
squares solution with redundant data. Also 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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3. The direct solution 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. 

4. For batch processing on a larger machine, this 
algorithm can serve to provide a close initial 
position which is then refined and verified in a 
single iteration pass using a more precise geodetic 
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 of 1 metre in the iterative 
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. 

5. 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 double 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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6. 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. 

7. The basis of the direct method; i.e~ using ellisoidal 
quanti ties modified by the Forsythe-Andoyer-Lambert 
corrections to yield corresponding data for the 
sphere, could be applied more generally in the 
computation of very large geometric figures on the 
earth. It would appear that geodetic posit ions on 
the ellipsoid can be computed , to a precision of 1 
metre at any distance on the globe; by si~ple 
spherical trigonometric formulae. 
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Chapter 10 

CONCLUSION 

1. A simpler direct method to find the intersection of 
hyperbolic position lines on the ellipsoid is 
obtained by d er i vat ion 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~ 

2. 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. 

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

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

5. The idea 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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* * * * * >I< * * * * * * * * * ~ * * * * * * * "C< * * * * * * * * * * * ~' * * * '~ * * * * ~' * .V * * -~ :;'< * * * * * * * * * * * * t,: * * * * * * <j< ~' -~ \~ * * * -)< ;;< * -~ t; * fc * ~~ * * ~: * ~: ~' * * * -~ * * •): o); >:C: 1- i\ d ,_ :C:: ,; .. 
~JOB AATFIV STU IFUERGE~/UoPA~~~=2C,T=3 
c 
C****•********************************* 
C SaLF-TEST UF PLAN~ SULUTIO~S 

c--------------------------------1 IMPLICIT f~EAL*IJ (A-H,fl-l) 
2 COf'JMCI\ li3UG 

3 
5 
7 
8 

') 

1 0 
l l 

12 
13 

14 

15 
17 
18 

19 
20 
21 
22 
2-.:S 
24 

2!:> 
26 
27 

28 
29 
JC 

'31 

c 

c 
c 
c 
c 
c 

c 
c 

c 

c 
c 

c 
c 

c 
c 

c 
c 

c 

~ 1 = 4 • 0 * 0 AT AI J ( 1 • IJD 0 C ) i 
') F<=P I/ 1 HO. ,J C;)Q i 

PI ?= P I* 2 • C D-J(
rw = 1 8 0 • G D 1.) 0 /P I 

I .JUG= 1 
1 £JUG= C 

I*** ENTEh STATlUI-1 PUSI TlUNS IN UTili NO~THI NG AND EAST HIG 
I*** FUr MASTCR, SLAVLS -A- ANO -8· 
I~CAD, :.JNMoUE:~, lJ,'JA,ULA, Ui~IJ,UEtJ 

I*** CALCULATl: tJASt:LWt::: GI<W DISTANCES ANd Alii--IUTHS 
CI\LL UTINV(UNIJ,UC./1, UNI\oUCA, tlAS[AoAZ:•lA) 
CALL UlltJV(utm,u£::,'4, wm,ut:U, I:JASEO,AZME) 

I*** G~lO .A1-JGLE AT MA~3TER AiJD lllSECTOR AZP10TH 
AMS=DMGO{ALMA-AZM8t Pl2) 
AZt:3IS=OMDU(/~ZMA-AM::ii2.C U(;(;, Pl2.) 

CALL TITLE(UNM,UE~, UNA,UCA, UNO,UErlo 
$ i.JASLAoUASL3t AZMAoAlMO, A:--1'::itl\lHl ::i) 

I*** Mi\1 N OPE:f.;ATING LOUP 
CO RR Jl= ·J o 0 i UJRRtJ =0 • 0 
1\TEST=O 

lCO NTESl=NTEST+l 
I •l<** E NT Eh T Ht~ Tt': S T Pll li\IT 1 N UT ,.,, C u- Of~ t)S 
I*** AND GENC~ATE CXACT FICTITIU~~ OHSERVEO HYPLR~OLA: AT -P
F~f:AD, UNPo UCP 
IF(UNP .LT. Oev) ::..Tul; 
P~< INT 7f..1 

7<.)1 FORMAT( lHll) 
Pf~ INT 5C2o !ITCST 

502 FOF<MAT(lH , ?X, 1 DIRLCT I:LAtK SlJLLJTlLJN AT TCST ,,fJii~T ·~o,.•, 12/ 
i 1H , lX, 41{ lH*) /1/) 

I*** Gf<!J lJl STAiJCLS TU TPAI\SMITTE~ STATIUNS 
CALL UTINV(UNfJoUC::Po UrHI.,ut::-1, Dr>-loAZM) 
CALL UTI NV (lHJP,UEP, UNA,UCAo DA,AZA) 
CALL UTINV{UNP,UEP, UNt:,UF:t:Jo DU,All1) 

I*'!<* UTM SCALE Fi~c TQJ;<:; JIPPL[ EC TU f-' INlJ TF;J~': Dl ~>TAtlCCS 
CI\LL UlSFLN{l;f~P,U:C::Po UNI\I, 1JC.•1o SCFM) 
C\LL UTSFLN(u,~P,Ul::P, UNA,UtiA, SCFA) 
CALL UTSFLN(U!4P,~EP, Uf\!:,,J!.::Uo SCI-"t:.) 

1J 1=01-V :3 C FM i UA=UA/::..CFA; DO=L)I:J/SCFB 
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34 
36 

37 
38 
39 

40 
41 
42 

43 
44 
45 

46 
47 
4l:i 

49 
51 
52 

54 
55 

c 
c 
c 

c 

c 
c 

c 
c 

c 

c 
c 

c 
c 

c 

200 

/ *** F ICT IT 1 LlUS Ub Sf.r~VCiJ liYP Ef~U uLAE 
I*** f"ROM PFCCIS::: OISTAI\oCES TO TEST DlRt::CT t:lLI\Nt:: S;l-JTILH 
liYPA=I>A-DI'I; HYfl.J=DU-DM 

CALL CCLtHiDC t-tYP.A,HYI'tlt uNPoUEP) 

IT EP. =C 
ITER= ITER+ 1 
CALL HYPLAN(A~S,iJA~EAol:i.IISEtl, HYPA+C!JRRA, HYPH+-CCt~F'Ho 

$ ALAi>llt ALA142, 0141, DtJ.2, ICCc)E) 

I*** PQ:,[ T I ON t3Y Dl STANCE ,'1, !!.Z I '<1UH-i 
.A ZMP -=A Ztl lS -A LAM 1 
C~LL UTf-Llh:(UrJ,V!,lJEM, OM], Al~4P, UNPP, UC::JP) 
CALL C'VCl>lR(CUIH~A,COHRI..lo liYI 1 A,dYPB, •JNFP,JEPF>, ITERI 

I*** SCALE F-ACTCF<S & Gf~ID CORRECTIONS FUR-~'
CALL UTSFLN(Ui~PP,UEPI-', UNIIIoUEIII, SCFM) 
CALL UTSFLN( UNPP,UEPF', UNA ,UEA, SCFA) 
CALL UTSFLN(UNPP,UEPP, lJN~.UEE, SCFLJ) 

COM= (5 CFM-1 ev) *DMl 
>DA=(SCFA-l.~)*(~Ml+-HYPA) 
DDB= ( S CFB- le 0) * ( 1),'-1 l+H'VPEJ) 

I*** GRID COPRECTlCNS TL HYPERHOLAE 
CORRl=DDA-DDM; CIJRr!2:::CDtJ-DDM 
CHECK=CAi3S( C UWl·-COI<I<A) + DAfJS( COF~R2-CORRB 
CuRr~A=CU~m 1 i CUf.'fW=C,JRk2 

/:C<** f<ECYCLL IF HIE COHRELTIONS ARE TCJO IJIFFE~H:rH 
lLlL=Oel 
IF ( Cltf"CK .GT. TtlL) GuTU 2:J;) 

56 PRINT 512 
57 512 FORMAT(lti .4~X, 9( lH=), 4X, 8(1H=) /) 

c 
C /"'**GENERATE F-ICTITWJS lNITli\L PUSITIUN 
C /***TO TL!:T 11t::r~ATlVE t"lETHUD 

58 PRINT lCl 
59 PRINT 602, NTEST 
60 602 FORMAT( lit o7X, 1 1Tt:.:i"~ATIVE PLANE S!JLUTlUN AT TE:ST f-lGI:·n r,u .. • .12/ 

$ 1 H , 7 X, lf4 ( 1 H>~< ) // ) 
61 CALL CCLHt.;D( HYPA,HYP[}, UNP,Uf.:P) 

62 
64 

c 

c 

UNPI=UNPPi UEPl=UEPP 
UNPl=(UNPPtU~M)/2a0 U0C; UEPI=(Uf.:flPt-UEM)/2,6 0)0 

66 PRINT 6C4, UNP l, UEP l 
67 6114 F,JRMAT(llt t7X,'lNlTIAL PUINT 1 , 2{ 1 --> 1 , 5X), 

6tl 

6l) 

70 
71 
72 

c 

c 

:! 1 AT N 1 , F lC • 1 , 1 E 1 , F <Je 1 / /) . 

CALL IIYPUTM(IIYP,\oii'I'Pt:!, UNPl,UEfll, UI\MoUEI-1, 'JNA,UEA, JNB,I.JEtJ,lT:=i<) 

F~INT 612 
612 FORMAT(lH 

GJ TO 100 
fND 

o4SX, ''J(lH~), lf'<o >i(lH:) /) 

Al-2 



c 
c 

13 SUBROUTINE H'rPLANCAMS1 BASEl ,EASE21 HYPleliY•:)r!1 
$ A L AI·H I A LA ."'1 ?. • 1)/1.1 1 I D M 2 I 1 c DD E ) 

(************************************************** 
74 IMPLICIT REAL*B (A-H~O-Z) 
75 COMMON IOU G 

76 

/8 
79 
eo 
B2 
d4 

86 
89 
91 

c 

c 

c 

c 

c 

PI = 4 • 0 D 0 0* D A T A 1\( 1 • 0 l.)(; o ) ; r.; 0 = 1 B.;; • 0 Cii (, / f:> 1 

Jll = ( E A 5 E 1 - rY P 1 t *l tJ P,. S E 1 t t~ Y P 1 ) / ( 2 ,. .J C v 0 *l3 AS E: 1 t 
A.~=( UA SC 2-ti YP2) * ( :J ASl:2 t- HYP2 I/ ( 2 • 0 DOO *fi AS E2 I 
fl=-HYPl/UASEl; H2=-HYP2/JASC2 

Pl=CAt+A2)/2~oooa; 
Ol=(Ul+H2)/2.0D00; 

P2=(Al-A21/2.0D~O 
Q 2 = ( tJ 1 - B 2 ) /2" l10 J 0 

D=P2*Ql- Pl*U2; SlNM=D'::>lN(AMS/2eO:J.jOI; CUS-1=.DCJS( \•-IS/2,):JJ)) 
U=P2*C~SM; V~PltSINM 
Ft-tl=DATAN2(U.V); F.=U*G.:3IN(PHI) t 'I*DCJS(PHL I 

9 3 1 F ( 1 BU G • N [ • 0 ) ? R I NT l 'l C , A 1 1 A 2 , ti 1 , !12 , P 1 t P '2 • fll , ;J.2 • 
$ C1UoVo kt PI-ll 

9 4 1 0 C F {) RM A T( 1 H • 2 L: 2 0 • 1:3/ ) 

95 

97 
<J8 

lOC 
lV 1 

. lO 2 
1(.;.1 
104 

1 U5 
lu6 
10 7 
l!Ju 
lu9 

c 
c 

c 
c 

c 
(. 

c 

// C~iECK FOk IHJ PUSSIULE HHEF!3ECTl'JN 
ICODE=O; lr( k .LT. 0) IETUf~N 

// UNC OR TWC SCLUTIUNS PUSSldLE 
THETA= :MRS IN ( D/1<) 
1\LAMl=THt:::TA--PHI i ALA:·12=F'l-THETA-PHI 
tlMl= -P2/ (Q2+S 1 Ni'J.*I) S HH ALAI-11) ) 
DM2=-P2/( u2i- SIIJ,•I*D SIN ( ALM-12}) 

/ / S E T U P C U DE T ll I 0 E l'i T [ F Y T I i E S u L U T l 0 NS 
lF(DMl .GT. ~.ODOU) lCUOE=l 
!F(DM2 .GT. \i.,JD\JG) lClJDL=2 
IF(OI-11 .GTe ').,000:) .AI~~>. D;-12 eGT. :').0000 I ICUDt-:.=3 

I F ( I UU G • E u • ,..) I ~~ C:: T U hi·J 
PRlNTt ICUI)C 
P f~ IN T 1 i r.J • T HC: T A • PH 1 , t, LA 1"11 • ALA 1-12 , 0 toll ,t) !·L~ 
FC:TUEN 
t:,-JD 

A I -3 



c 
c 

110 :5U[JFI]lJflNE IIYPUTr·1(lJHA,UHoJ,UI-J~>,UEPo'J!-.jM,U[;:r.1,UNAoUCI\,U~d,UL:.LlolTcl<) 

C******************~******•****************************************** 
C ITETATIVC. lNTERSECTlUI-~ CJG HYPf.f~f:GLAE ON UTM I·'Ll\Nt:: c-------------------------------------------------------------------c 
C llHA,OH!J . = ..JIJSEF~VED HYPEF~I:.!ULAC IN METr-<E~; 
C ur.;P,UCP '= INI TlAL Ar:>Pf·<:JX [:.lATE:: POSITION UF -1•- 1 '4 \JT,-1 
C ALSO Tl1!: FIN.~L lTEf.!ATE) PfJSlTlui-.1 
C lJNM,UEc·l = UTM PUSITIIJN UF MASTCR TRANS!•ITTTEP 
C Uf..JA,UEA = Pll:31TlC.L~ Ill-' SLAVE -A·- IN UTt-1 I'IJFfHIN~i ,~ C·\>TING 
C UNt:JoUEU = f-'USlTlUN UF SLAVE -Ll- II'. UTI-I NOf<TiilN..J & t:.~STli..JG 
c 
C UTHJV = jlJtHWUTir..Jt:: FOH 0LiT>\NCE AN•> A/P.1UTil lY •Jf;-1 CUCmJS• 
C UTSFLN = SUf:lROUTlNL:: FOR UTI'I Lll\17. SCAL~ F-~CTili< 
c c----------- --·---- ----------------------------- ---- -----·--- --------------

111 l!-1PLIC1T J-.:CAL*d lA-H,U-Z) 
112 COMr4UN I :JU -.i 

113 
116 
11 7 
119 
120 

121 
122 
123 

124 
125 
126 

127 

130 

132 

134 
136 

138 
139 
140 

c 
c 

c 
c 

c 
c 

(. 

c 
c 
c 
c 
c 
c 
c. 

c 
c 

I*** ( TCI;.;A Tl CN LUOP 
ITER==li i IT1·1A;<=41) i U.'-11\ X=250(h:l. 0 
[lMAX.=500'1(J eO 
10L= O. 1 i TCST=TU L+TDL 
.~t·dLE( ITCR .Lee In-lAX .AI..JD. TEST .GE. TCJL) DLl 

lTER=ITDH·l 

I*** GRID Al li-IJTH A!H) DlSTAi~CE 1.3Y UTM CD-Uf<OI ~An::s 
CALL UT1NV(UNP,UEJ 1 , UNt~oJE:l\1, DMoAb1) 
CALL UTlNV(UNP,UL::Po 1..1\A,U:::A, O,AoAZA, 
CALL UT INV(UNP,UE~'• UNLloUEdo OO,AltJ) 

I*** UT" Ll~E SCALE FACTURS 
CALL UT .sr· LN ( uqt-> ,ULP, UN~-1. UEM, SCF'>i) 
CALL UTSfLN(UNi:J,Ut:r>, lJ,'JAoUEAt SCFA) 
CALL UT::>FLtHUI·JP,ULP, Ui..JU,Ut:i.J, ~CFB) 

I*** GFni> Dl~TAr-.;Cf.:S CONVCf<TED TG GFCUND DISTANCE::> 
DM==UMISCFM; DA=UAISCfAi t.H:J=UoJI~jCFl3 

I*** CGrlPUTLO IIYt->L::Rt:ULAE AT -F-r 
CHA== DA-01·1 i CHU=0 B-DM .•:. 

I** DirFCPFtKC (Cl:l:jE~Vt::D)- (C0'-IPUTE0) 1-YPEf.BULAE 
DH ft= OH A- Cf-tJ,; Ul U =mil-1·-CI ILJ ' 

I*** ELE~Et.JTS Or ,\-I\IATPlXo THE HYPERIJI.JLIC GRADlf:NTS 
DM..J=DCllS(AZM)-UC.J::.i(AZA); UAE=DSIN(AZI-1)-DSlN(AZA) 
DcH=OC CS (A ZM) -DCDS ( AZO l; DHE= OS IN ( 1\Z/-1) -D SIN( A l~J) 

I*** SULVE FUF< CL)kf~ECTUJIJ STL:P Ul\of>C. t.\Y CI<t\I·IF.RS RULO::: 
DET=CAN*0~C - DUN*DAE 
ON=( DH M:f>lJE - DIHi¥ LJA!~ liDET 
CE=(CAM'UiitJ- Ddl..J*UHA)IDE::T 
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141 
143 

144 
145 

147 
148 

149 

c 
c 
c 

c 

c 
c 

c 

/*** LIMIT SIZE Uf CUHtlECTlutl STEP 
D 1 ST=D SQfH ( DN*DN tO E*UE) ; f F~AC TN= 1 •') 
IF CD IST • GT • iJ••lAX) FP ACTH=O,\if\X/0 I ST 

C.J\LL C'I'CLl T(CHA,CtiU,UNP oUCP,DHA,Diit:loDNoDEt FF<ACHJ. ITE-{) 
UNP=UNP + DN*FRACTN; U£.:P=UCP+t>E:O:t=RACTN 

I*** HREAK-OUT TLST FU~ CCNVERGE~CE 
TEST :::DABS( OHA) +OAtJ S (OHiJ) 
cNDIIIHI LE 

r~~:ru RN ; END 

151 ~)•.JE:JROUTII\E UTINV(UN.A,UE.At UN:J.UElJ. DIST,AZ) 
C******~***********************************~***** 
C CHIO DISTAN\.[ AND AZIMUTH FROM UTM CO-OROINATI::S 
( G:!ID DIST.t:.rlcl. f,N.J AZi'VIUTH FROM RECTANGULAR Cr1-URDIN\T'::5 
r: i ' 'KHH ill : Jl. ~ ( 'T I At HI L .~Sf HI C.S ( X ) 

L------------------------------------------------152 1 lPLIC IT REAU<8 (A-IioO-l) 
153 LdMMON IBUG 
154 r; 12= 8 .o DOC; *CA TAN (lev DI..IO) 
155 IJ <=UI'JU-UNA; DE=UEB-UEA; tJIST=OSQRT (ON-'<DN+'1l.*Dt:':) 
15tl A.~=DATAN2( OE,ON) i Al=DMOD( AZ+P12t P12) 
160 ne:TURI\; END 

-~' 
162 SUOROUllNC UTFOR(UNA,UEA, DlST, AZ, UNEoUEE) 

C************************************************* 
C PCSITION OF -~- t:!Y GRID CISTAfJCE ANIJ .AZIMUTH HHJ;~ ··4-

c-------------------------------------------------------------lb3 IMPLICIT RCAL*d (A-HoU-Z) 
lb4 CO~MCN [OUG 
1 65 lJNf3= l.~J A+ D 1ST <!<OCOS ( A Z I 
166 UEI:J=UE ~+DI ST:i<DS LH Al) 
167 RETURN 
16U END 

A 1-S' 



c 
c 

169 SLLIF.OUTINF UTSFL'~(YI\A,XEA, YNfJoXElt .::>CFACT) 

C************************************************ 
C -- UTM LINE SCALL fACTUR FUf~ LINE-/\- T<J -13-C-------------------------------------------------

1 7() l.'v!PL I C 1 T f. E AU' H ( A- H, lJ -l ) 
171 CM~.>Cf.=C•'J'JS.h C(1-.~; XC,1= 5:Ju V..;Zl.C:: D{1 'J 
173 YN:'.1=(YNA+YNd)/ 2.0 DCUi XEN=(XEA+XLU)/2aJ JJc:· 

175 
178 
1 ti 1 

184 
185 
lUG 

187 
188 
lt:!~ 

c 

c 
c 

c 
c 

Q-=(XEA-XCM)/laODC6; 
•)d=( :X[ti-XCt~)/laJDt.:6i 
QM=(XEM-XCM)/leCDG6i 

Gl\'2= 0 A*Oil; 
OU2 =Oll*\Hi; 
(l/.12=0M*OM; 

~:, 

dA ·4=0A 2*0A 2 
Qi} 4= Qd 2* (.ltJ2 
Q~1 4=01\12* \H-12 

/*** PUlNT SCALE FACTORS AT A,O AND NID-FOINT 
SCFA=laC· DC0 t XVlll(Yi'J-\l*·.JA2 + 3e00-t!~j*OA4 
SCFH=l ef DCC'· +XVI ll(YNll*ul32 t 3.C.D-t~~'Q34 
::.iCFM=leO Dvt l· ;<Vlll(YI\tv)*C~JI2 t 3.0D-":•5>'t:Or·14 

/*** LINC SCAL[ F·ACTUh dY 511-lP:lUNrlS RJLE 
S C FA C T = C 1-1 SC F * ( SC F A + t1 .. J 0 C t• * S C F 1-H S C H.l ) / 6 • i) D 0 0 
:~ETURf'.l 

f.ND 

lYO i)OUE>LE: PRCCISION fUNCTICN XVI II (nJ) 

C**************************************************** 
C -· LATJTU,)f: F'LNCllul\ >.VIII 
C -- dY /\N AJ->Ph'UXIl-11\TlUN fukf<lULA II\ UTM NORTHINc, c--------------------------------------------------

1 Y 1 I M PL 1 C 1 l ~ [ A U'13 ( A - H , (J - l ) 
192 T=Oa311132£J6 0-')o* <nl·-5.0;)(;6) 
193 XVIII=0.()12J fJ.:.:;I -- tLie'J27 U-1"6~' DSIN(T) 
lY4 R~TURN 
19 ~ Er~ c 

1Y6 

1Y7 
1 9B 
200 
201 
21J ,j 
2\)5 
20 ~J 
211) 

c 
c 
c 

SGl3ROUTINL: r.:AuM'.:i(ANGLEo IDF.GS, MINS, SEC5l 
********************¥********************* 
ANGLES H..J F:AIJ IA1~3 TU I;C:Gt-<LES, '"llNUTES Ai'-ID s.::corWS 

l•VPLICIT J,::AL*tl (A-Il,U-l) 
Pl2= de< *DAT/IIH 1.0 Du,,); 1<8= ::'o0.v D!)]/fJ I? 
'31) =D S 1 G N ( 1 • 0 l) ,h• , AN G L t: ) 
F:JzZ= le:)D-ll..; ANGu=(SJ~<,\~IGLc*RO) +fUll 
I ;)f:.:G S= AI'JGD ; A.~ ..• D= AN G D -DFUJ AT( I DE GS ) 
ANG~-1 =A NGI)* G 0 • (; DCl (.,. ; M I i~S =:.A~~ Gf·l; A 1\G IV= Ai'-J G'·1-DFL'J /lT ( '4 l ,..J S) 
SECS=A ~VH6Cyl! uut._,; !,)LGS= (( SD*IDLGS l I 
r< i::: TU R 1\ ; [ N D 
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212 

213 
214 
215 

217 
218 

219 
22 () 

221 

c 
c 

c 
c 
c 

c 

c 

c 

SUlWDUTINE TllLE(UNM,UE,;t, U:·U-.dE'Ao UNIJ,UEd, 
$ IJASLA,t:ASCL3, AZ,'<\A,AZMtl, AMSoAZdl S) 

****************************************~**'******* 
PHINT TITLE PAGE: FOF. PLAI~C SCJLUTIU'~ 

U~PLICIT f;Ef·L*-3 (A-1-I,U-Z) 
(:H-iM UN 1 i3U G 
PI=4•0*DATAN(l.•J D\,l.di F~D= lf:.J.(, Dr:I':IPI 

PRINT 4CO 
4()0 FCFr-.1AT(ltlllll lH ol~:J)<, 50(111*) I 

$ lH ,l'>X, 1 TLST OF rLANE HYPEI~BOLIC 11'-JTf:':f'SfC::CTI0-.1 CU141-'UTATU'-IS 1 

A /lti ,25Xo 1 (UH:U .. 1 ANU ITEf.:ATIVE ~~ETHUDS)'/Hl .l~X.~.).J{lH*l//1 
e lH tl6X, 1 Tf~ANSMITTU1 :;TAT ILltJ CO-GRDINATE5 L'~ :JTVI (r-ICHH':S) 1 / 

C lH ,l(lXt 4d( }II-) // 
0 1 H , 31 X, 1 1 h.J R Tl t HI G 1 , 1 \)X, 1 E A 5 T I NG 1 I/) 

PRINT 4(2, UI\M 1 1J:J1, UNA,UC:A, U,'-IL,UEU 
4 0 2 F 0 RM AT ( 1 H , l ~->X , 1 ,AJ\ Sf En 1 , 7 X, 1 t J 1 , f' 10 • 1 , 

A 1 H • 1 :i x 1 1 :>LA v t: A • , 7 x , 1 1\ • , r trJ. 1 , 
E3 lH tl:SXo 1 ~LAVt: U',7X, 1 tl', Fll),,t, 
P~<INT, I • 

7X t • E I • 

7X • I E. , 
1X , • E I ' 

F l (', 1 /I 
Ftc,.,l// 
F 1 Oa 1 ; I;) 

222 PRINT 404 
223 404 FfJRt4AT(1H .15Xo 1 CHAIN CUtlf"IGUf~ATION 1 / lH t15X,20(li-)// 

:1 lH ,t~~:JX ,'J->ATTERI\ A' 15X1 1 P.I\TT'::F'I·J IJ' // l 
c 

224 CALL hAD~-15 (ALr·IA,lDA,M lNA,SECt,) 
225 CALL RADf>.tS(AZMU,lDt',1'-1lt'.il::o.:-CCU) 
226 PRINT 4(6, [JA~E.4.1lASL:ti, IDA,t·llf..JA,SCC/\, IDU,:>1HIU 1 SECd 
227 406 FURMAT(lH ol5X,'fiASELitH' •..;F~ID UISTANCE 1 o:JX,2Flt~•l II 

$ lit t15X, 1 vRID Alli1UTH (I-IASTCF<=>~3LAVE)', 
A 2(14, •-•, 12, •-•, F4.,lo 2X) ///) 

c 
2?.t'J CALL f~l\DMS(AW:.i, IOM,Ml:>JM,::>EC;.tl 
22') CALL R 1\DW~ (A Lt:J IS, I DU 1::.>, MIN 0 I 51 S cClJ 1 S) 
230 PRINT 40a, ID~oMINM,SCCM, IDUIS,MIN8IS, SECH[S 
2.:H 408 FURMAT(ltt .l~X•'"~dD MJGL~ f.lt:T\1/LEI'I HASF.:LINE:S AT M 1 , 

$ l'~• 1 - 1 , 12, 1 - 1 , Ft+.l I 
A lli tl5X, 1 ·.;RifJ AZIMUTH OF UlSECTCR 1 , 

El OX, 14, •-•, 12o •-•, Fl+el 1/) 
c 

232 RETURN i END 
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234 

c 
c 
c 
L 
c 

SUBRUUTINE CULiil:L)( hY.PAoHYPll, Ut-JP,UEPI 

************************************** 
COLUMN ltEADER5 

235 IMPLICIT ~CALOU (A-Ho0-2) 
2Jb PRINT 5C4 
237 5C4 FfJRMAT(lH o23X~ 1 HYPEf~UULAE 1 o 13X, 1 UTM G"<D PUSITLH 1 / 

i lH o2JXo 1 A 1 oSl.'<t 1 ll',l1Xo 1 ~ChHiiNG 1 t5Xo 1 EASTIN,.i /ITC::!~/ 1 //) 
238 PI~ INT, 1 1 

23SJ 
240 

241 

c 

c 

PRINT 5C6, H'tPA,IIYFO, UNP,UEP 
5C6 FORMAT(lH ,/Xo 1 LJt!SLTWEO H 1 o2F1l'elt 1 

$ 1 H , 7 X, 5'1 ( 1 H-) //) 
f~E TURN i CI-ID 

AT N 1 ,Fl0elo' C: 1 ,f)el / 

243 
c 
c 
c 

StA3RUUTlNC CYCDHHCCf.\f<A1COI"mU, HYPAoliYPi3t Ui'-IPf.>,UEt~>P,lTER) 

0 *** ** * *** * * :('~'*"'-** **** 0 ** *** * ** *** * *** ** ** (c*.*** ** 
PRINT CII~ECT METHLJD CYCLE.. VALUC:S 

244 IMPLICIT FEAL*8 (A-H,O-n 
245 PRINT •• I 

2'•6 PRINT, I 

247 PRINT 5CB, CuRRA, CURRH 
248 503 FORMAT(lH ,-lx, 1 vf-~ID COf<I·•-N', 2Fl.:el/) 

249 
250 

251 

c 
PRltiT :310, HYPA+CUf-:RA, HYP~I+CllRFh.h UNPP,Ut::PP, ITt:::r. 

510 FCf'MAl Oli o7Xo 1 PLANE V·'\LUE 1 o2FlC.l, 1 ==> N 1 ,FlO.lo 1 

$ 1 / 1 , 12. '/ 1 ) 

f<ETURI~; CNU 

E' or).,l, 

253 
c 
c 
c 

SUBh:tJUT I 1\C CYCL IT( U~l\, ChtJ oUNP ,u EP, !::lt-.A., Df-HJo Dil 1 uE,Ff<ACT~, ITL:~) 

•************~***********$********************************** 
PR IN l ITEr A l 1 VE 1>1t.: THOU CYCLE: l)A TA 

2~)4 IMPLICIT fd:AL*U (A-It,IJ-l) 
255 PRINT. I ' 

256 PP tNT, '1 

257 PRINT 6L6, ChAoCiit.1, UtlPoUEP !o 
25H ilOfl FCF:MAT (lH o7Xo I(;J!c\PUTC:J hYf.>.=l 1 F3el t F 10elt 

$' I A l N1 • F lt • l I • E I • f') .. 1 ) 
c 

259 UNPtl=UNP+t)N*ri~AClN; UC:Pt~=UEP+CE:*FRACT>..t 
21Jl PF'INT t')I'B, DliAoiJHlJ, UiHffUH.:T~J, OE*Ff<.A.CTNo UNPl'-loUi~Pt~, ITEl~ 
2o2 60d FURMA1(111 o7Xo 1 cJ!J5-CUi·lfllJTL::J 1 oFu.l,fl•)elo 

$ 1 =-=> ON='• t'd.l, 'DE='• Fn .. l / 
A 1 H • '~ ~-> X I <.1 ( lll ·- ) • ~~ X • d ( 1 H - ) / 
$ lH o4:~x,•.~•,Ftu .. lo 1 L: 1 , F'Jelo 1 / 1 , 1:~. 1 / 1 ) 

c 
2tJ3 r;·ETURI'.; L:tJU 

c 

J;E NT ~y 

Al-8 
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~- * ** * * ·~= ~"* * * ~' * * ~' i ~' * ~~ * * ~' .... ::: * ""* * ** ** * * ** * ** * * ~"!< ,.~ ~= * * !,< ·~ 
rEST Uf' PLAIH: HYPt:F<uuLIC liHt:::f~SCCTIUic,J CJr·11"'JT/\TIUr~S 

(;)l;:([C:CT AI\U l TCPATI VE ,VlETHODS) 

****~**********~********************************** 

Tf~ A 1\ S ·~ I T T::::: f~ S T AT l m~ C l) - U I~ iJ I 1\ A T E :::i I r-.; U T M ( ''"1 <:-; T R E S ) 

I~Of;.THlNG EAST lNG 

:v i\ST 1::1..( N SJCO(·)O.:) E 5J.') .JOO. ·:J 

SLAVE " t~ 49((.1,0').( ,- ~~ao oo n. o 
SLAVE iJ 1\ 5uCC:v0'J,.c t: 6(J,) i)() 0. 0 

CHAlN CONFlGUI\AriUN 

PATTEf~N A P/\TT':RN tj 

llASELli~C GI<IO D!STANct:: 141•+?1 .4 l!JO)D>.'J 

GRID AZl'~UTH (MA:,T!:I~=>::JLAVLI 225- J- GeO '~}(1 - ;) - ) • 0 

GI<ID ANGLE [j[hiEC:ic,J UASELII\1[~; AT M 13:3- 0- O.f, 
GRID AZIMUTH 0F HIS[CTCR 157-3~- OaC 

A2-l 



D II~ C:: C T PLANE S t: L U T [ 0 N A T T E S 1 P L liH N ;J • 
**************~*********~*·~·**********~* 

Ot3SERVED H 

GRID CUf\1~-N 

PLANt:: \IALUE 

GRID COR~-N 

PLANE VALUE 

HYPCf<!JULAt:: LTM GHI0 POSITIUN 
A U NURTt-il!~G !':ASTIN" /I TL:t-V 

5d~59)e7 -41444•'• AT~~ '•90{'00'!e0 t:: 61').)0,).') 

o.o 1\ "' \.I ..... 

51359<Ja 7 -41444e4 ==> N 49()0() l:Je6 E 6f):)t:1 21••J / 1/ 

·-2 1 • " 2J•l 

585-, ti. lJ -41421.4 ==> N 4900(H)(.O :: 6000'10.0 /2/ 
=-==·=====·= -·----- -·---------

A z-z. 



ITERATIVE PLANE SOLUTIUN AT TEST ~JINT NJe 1 

******************************************** 

HVP t:f;IJULAC UTM GRID PUSITIUN 
A E iJORTHING EASTl'jG /lTbU 

OUSER \/ED H 5859~.7 -4l444e\ AT N 4900aoo.o E 60nooo.o 

INITIAL POINT ..... -> - -> AT N 4950000.0 ~ 55J000e0 

COMPUTED HVP= 87434.0 - '~. ~~ AT N 'f95000l'). 0 E 55(J\) C•)• 0 
UtiS-COMPUTED -28133 4. 4 -41 4 4t. 1 ·=z> DN=-35i)94e3 DE:= 2'J302o6 

--------- ---·-----
N 4Sl4';cs.·r E 5 7 9 :; !j :~. c / 11 

COMPUTED HYP= 63625. 1 ·-2a 76(·. 2 AT N 4 914 ':Oi)5. 7 E 5793("):c~. 6 
UBS-COMPUTED -502.5.4 ·-126U4e2 ==> ON=-128f•5e 1 DE= 1 71 64.4 

--------- --------
N 49<)21 on. t E 5 96 If 6b. 1 / 2/ 

CUMPUTED HYP= 5'.J05 1. a -39 5G(.o e 5 A·T N 49C210C•. 6 E 596466.9 
CUS-COMfJUTED -lfSU el -1 943.9 ·==> DN= ·-2•J 48. 1 DE= 3ff3":·119 ----------- --·- ---·--

I '>I 49011(.< 52. e E ')9'1B'J7,. 8 / 3/ 

COMPUTED HYP= 586Coe <; -ql 3t:He 5 AT r ~ lf ';v C 05~~ • 6 c:. 59rn:397 .. •J 
UUS-LOMflUT ED _-,. 2 -5be'J :==> DN= -52e5 D: = 1 02. 1 

---------- --------
N 4Y00000e0 ,_ 6i))l),:j.).,(J / 4/ 

CUM~UTED HYP·= ~i:i599.7 -ll 4<t4 .. l~ AT i'l 4 SOC :JOO •. J E () 0 (· 0 ()'j • 0 
CUS-COMPIJTED -;}. (} -Lt .1 ==> ON= - fl • i) DE= ) • lj 

--------- --------
~~ 4 gocooo. 0 E C) : •) J ();.) • IJ / 5/ 

===·====== ==·======= 

AZ-3 



l)lRcCT PLMJE S!JLUTIOt~ AT n:sT 1~CINT NC. 2 
··~************************************** 

HYY L.:F:JULAC UH1 GRID P'JSITIUN 
A L:l I'IORTHINJ r.::.'\STI~'-1.:; /ITEr~/ 

OtlSERVED H c.;<;30 7., e -41 t3<J., t AT N 4901Cd')•O f:: hO•)IJDio•) 

---------------------~-------------------------------------

GFdD CCf·f.-N ~") 1 .' 
-""· ... \.r 23 .. 1 

PLANE VALUE "-i<.128o. 7 -~1116. 1 ==> tJ 4901 ·~thJ.4 c ')<)')'}9'''" ') 1 1/ 

Gh: 10 CO~ k-N -2 1. 3 2J. l 

PLANE V/\LUE ::J<J2fJL.:.i -41 71u.U =-=> N 49010:1,).,; E 6G•j,;,jJ.O / ;?./ 
====-=·=== = ----------------

Al-4 



ITLRATIVC: FLAI'~C S!JLUTIU,.J AT TE::~;r PUI1H 1-JLJ,. 2 
********~************~******~*•************* 

HYPCI<uULAE UTf'l GRID PDSITIUtl 
A tJ NC!~TIIlt.JG :::ASTI:·~G IIT:2,~1 

OUSERVED H 5930 '· tl 

INl T I AL r'G Ii'H --> 

CUMPUTED HYP= B/94~.7 
UHS-COMPUTCD -2H63J9U 

-4l7JLJ. l. AT N ~~ c~ 01 0 :1v • 0 C: i:, '; (l ') 1. J • :J 

- -> AT N li95050rJ.C E 5511)(;laC 

-4.3 AT N 495n500.0 C ~500CJ$0 
- '' 1 7 J '~ • J ·= = > D 1\ = - '3 4 tH < • 3 DC: = 2 9 :S () 3 • d 

N 4915637.7 r.· ':) 7'JJ t) h d I 

CUMPUTED IIYP= fi42Bl,.l -2'l(C·~>:.tJ IH N 4915687.7 E 57•)363.1.:1 
OUS-CUMPUTCD -4973.~ -12733o6 ==> Dl\=-1262be3 OE= 17110~G 

1/ 

N 49030.:;6G.9 f: ':)CJ(>'Hl3e '~ / 2/ 

COMPUTED 1-IYP= 59l57.'J -3J7·~c.l AT tl 49v3f•60e'l E '396-'~;'3.1,4 
OBS-COMPUTED -t•5Cel ·-194().(, ==> 01\= -2009e6 DE= 34\~.'>.1 

N (~ g 1.11 i. 5 1 • J t: 3 'J <) (j 'I :J • :: / 3 / 

COi4PUTEt) HYP= ')<JJll~ed -416d2e? AT ~J tiSfl'lU~)l. 3 t::: ')C)•J:·i<J:3.~j 
ODS-COMPUTED -1,.(. -57.,0 ==> IJI\= -~5le3 i)[= 1C1.4 

tl 4S<•lJuc.C !:::: "',C.i)~.:t.::J.'J I r~/ 

CU~PUTEIJ HYP= 59307et -4173Y.l ~TN 4SrlJOOefi E 5C~U00~J 
U~S-COMPUTEO -C.C -G.~ ==>ON= -CeO OE= 0.0 

N 4 'J :J 1 0 ) U • C ...: 6 (· I) 0 r~ .) ., ) I '5 / 
=--=-==-====:::;::; =====-=== 

AZ-S" 



I.HRECT PLANE SULUTILW AT TCST flClt\T NC~ J 
********************~*******•************ 

OUSER \lED H 

GHlD CGf;f.-N 

PLANE VALUE 

Gt11D COJ-..;:<-N 

PLANt:: VALUE 

HYPERuuLAE U H1 Gk I 0 flU :.:>I T I UN 
A iJ NORTHING EAST 1'~ ,_; I l Tt::!-</ 

5889leG -4214d~6 AT N 49000~o~c E 6nt00leC 

-21. J 23 .1 

C>886<J.l -4212:.> .. s :==> tl 4e<::Os;sgg. 6 c 61.:J1'J<)0."5 / 1/ 

~21.2 23 • .3 

58HG~.u -4212:.>.2 ==> ~ 49JOOOOeC E 601000.0 / 2/ 
======== ------------------

;'\2.-6 



lTERATlVt FLANC ~;OLUTlON AT TE3f POINT NtJe 3 

***************•***********•**************** 

HYfl[fdJULI\E UTM GRID POSITION 
A U NCRTHING EA'3TI:Hi /lTC,U 

OBSERVED H 58891. c 

INITIAL POINT --> 

COMPUTED HVP= J7554el 
OU!:>-COMP U TEl> -2866 :J. l 

-4214U. c AT IJ t+SOCCOCeO E 6:Jt10).,) 

--> AT N 4950COO.C E 55~5C~.U 

-711.7 AT N 49500JCeO E ~5J5,0eC 
-41430eB ==> D~=-35029.1 DE= ?947fie5 

N 4 ') l 4 9 7 0 • 9 c; I') 7 -19 7 6 • ") / l / 

COMPUTED HYP= 633eg.z -~9393eB AT N 491497)e9 ~ ~7~97oe5 
GUS-COMPUTED -4998e3 -12754.~ ==> D~=-12835.2 DE= 1738~.1 

N 49'),".135e7 E 5Y7~f.:th·t / 2/ 

COMPUTED HYP= 59349.3 -40llverJ AT N t+9G2135.7 !:':: "j97361~.6 
UUS-COMPUTED -45ileJ -1977.H ==> D~= -20~0.8 DE= 3~21.2 

:-J 4 9 ,) c 0 5 5. I) E 6 I.J 1 8 ':) l • i.l / 3 I 

COMPUTED HYP= 5889Ue3 -420H9e0 AT N 4900055.0 E b00d1!eB 
UbS-COMPUTED -7.4 -59e6 ==> ~N= -54e9 DE= 10-tel 

N /. 9 (I c 0 0 (i. c E 6 I; 1 ~j ;;) J • () / 4 / 

CUMPUTEfJ HYP= 58891.:J -4214.'3.') AT;~ 1+9\)000':).() E 6c:>1'1U~.J 
OE::lS-COMPUTCD -~eO -L;etl ==> Dl\= -r:.<J lJE= i),..) 

I'J I+ 9 ·.H.: 0 I) 0. 0 E 6 J 1 () IJ 1}. J I .) I 
========= ======== 

A Z-7 



l)[f~CCT 1-'LANE SDLUTlD,'J AT T:::ST PCI!\T NC. t~ 

•••**•**************$******************** 

OIJSCR\IED 11 

GRlD CG~~-N 

PLANE VALUE 

GRID CORf<-N 

PLANL VALUE 

INPC~DULA~ U T! ~ GP 1 I) P J S 1 Tl lJ N 
A U 'JU fH H I NG E .IJ. S T I:~ J I l T :;::"~ / 

~: 9 5 ') ;_; • ::; - I~ 2 '+ 4 0 • l A T N 4 Sl v 1 0 (l () • 0 c l~) )1 .) c l. • ~~ 

-21.2 23.3 

59 51 4 .. .3 -4 2 4 ::~ 3 .. 4 :.= = > i J /~ s (i 1 (. c •J. 4 :..: 6 () 0 9 9'.1 u ') / 1 / 

-2 1. 4 2J .. 4 

S9574el -424;.>3 .. 4 ==> i-4 49<,H0;:• 1)eC E ()·.)E,'JJ.,o / 2/ 
==-======= ======== 

Az-B 



ITERATIVE rLANE SULUllUN AT TF3T PUINT NO.4 
**~******************~********************** 

HYPEJ.tJOLAC UTM GRID POSITION 
A u MC~THING EASTlNG /ITE~I 

UtjSER VED H 5SL39!:.e 5 -4244(;./ AT N 4<;Cl(l()fJe0 [~ 61JlGC•!.:;••) 

INl.TlAL POINT -~> --> AT N 495C'!::>O.O E 55!l~>CJaO 

CUMPUTED HYP= BHry63.5 -715.2 AT N 49505~1.0 E 5~05COsC 
OHS-COMPUTED -284(;8.0 -41731.5 ==> D~=-34147.3 DE= 2~536.3 

N 491~'>752.7 ::: :jd•1Q3t>.3 I 11 

COMPUTED HYP= 64542.6 -29641.3 AT N 4915152.7 E 580036.3 
0~5-COMPUTED -4947.1 -1280~.4 ==> D~=-12656.8 DE= 17344.1 

N 490309~).9 ':.: <j9l~d0:1o4 / 2/ 

COMPUTED HYP= 6r045.B -4U4b3.3 AT N 49030Y5e9 E 5973eJ.~ 
OHS-COMPUTED -45Ce3 -1Y8Jo5 ==> D~= -2n42el DE= J512al 

n lf.SJl :l53e 7 E o~;Od92 .. ~ I 31 

COMt->UTED HYP= '396l.<::.G -42.387.1 AT ~J 4<;1)1(..53.7 C: 6fH1<392v5 
OHS-COMPUTED -7.1 -50~6 ==> DN= -53.7 DE= 107~4 

N 4901:1':1./e(J E f>ill•:JO)oJ I 4/ 

COMPUTED HYP= 5959'3e:J -'+2446.-l AT n 491.H00Jo(1 E 6C!l''CJ .. ,1 
OdS-C..OMPUTEO - ,; .u -~- .v ==> DN= -C'. {I :)E= J .. IJ 

N 4901U0Uo~ [ 601~00o0 I 5/ 
-===·=====·= ===:-===== 

**ERROR*** EI'.D OF FILE F:NCUUIHLRE:U 01\1 \.Ji·HT 5 I I b ~ CJ,JC 1 H C2l 7) 

PROGRAI·1 .vAS L':XECUl I M, LINE 19 I.\1 Ri.JUT IN':: M/PF~:JG WHEN ft~H '>JATI )'I UCCUr~~C:;) 

TATEMENTS EXECLTED= 45J6 

ORE J SA<>E tJOJECT <;ODE= 1 5712 dY f~S, Al-d~AY AHEA= 16 UYT::3,TUTAL 1\.-~EA :\VAILAlJLE= lv2!~t~r. 

I AGNO ST lCS NUiviiJCf~ ur EF<RURS= 1 , NUM:JEq LJF ,v .¥WIl-l \iS= '), NtJ..Il:ILR dF E XTLNS!Ut·IS= 

A~-4 

LlYT E:J 



Appendix III 

FORTRAN PROGRAMS FOR THE ELLIPSOIDAL SOLUTION 

- 47 -



+ *** * ** *** + * * +-***,.; * * ***** ****** ***** "******* ****"'** **********~ *-'~'*** **-****** 44-***>1< *** ** t.;i,o. ~>!'** ** ** *'" ** FAl:lL C:* ~'< $JOti ~ATFIV SlUIF~~RGEN/U,PAGES=2UeT=3 

l 
2 

3 
5 
7 
(j 
y 

-. -•o--

c ~"**~~"~***********"***"********** 
C SELF-TEST OF ELLIPSCIDAL SOLUTIONS 

c ----------------------------------
0 

-e ---- -

c 
(. 

c 

IMPLICIT REAL*d (A-H,u-Z) 
C CMtvlCN I13UG 

F 1=4 eC' *DAT AN (leV uOC)); 
DR=PI/180.0 01..10; 
IBUG=l 
IEUG=C 
to.lESl=O 

I*** CLARKE 1866 ELLIPSOID 

P 12=1-l I •P I 
R D = 1 8 0 • 0 DO 0 I P I 

E=t:3'1EI?tte4--D CO;---- --F I=--29 4-e-s786986--{H}o- -~-------

C I*** E~TER SlATION (0-G~CINATES CF MASTER, SLAVES A & d 
C I*** GtODETIC LATIT~OES AND LCN~lTUDES 1~ DEGREES 
C I*** LGhGlTUDES PUSITIVE ~AST 
c 

12 ~EAD, PH~,GLN, PHA,GLA, PHU,GLE 
13 PRINT 30, PH~,GLM, PHA,GLAt PHB,GLB 

- -t4 -· ------3-t3--F£RM-A-T-(-L--M-A--E+EE<-l:.-A-l.; L~----F1J.a.--ax-..--L---L-ONG=_._,_ ¥-13 .. -al'.t.------

c 
15 
1 7 
19 

c 
c 

21 
22 

c 
c 

23 
24 

c 
----25 

26 
27 
28 

! 1 SLA\IE A LAl='• Fl3e8t 5)<, 1 LOI\G='• F13.8// 
A 1 SLAVE i:J LAT='• F13.8o !:)<, 1 LONG='• Fl3e8.//) 

FhM=FHM*DR; 
FhA=I~H A:tOh; 
PHB=FHU*DRo 

GLM=GLM*Of; 
GL A= GLA*C~ 
GLU=GLU:t-C~ 

-/ +** SFrERIC.AL -£1ST ANCES-AND AZ lt-IUTHS-GF-UASEL-1-NEs-
CALL SPHlNV(FHM,~L~t PHA,GLA, BP.SEloAZ~A,AZ) 
CALL SPHINV(PHM,GLMo PHE,GLU, BASE2oAZ~B. AZ) 

'** INCLUDED AhGLE AT ~ASTER ANC ElSECTO~ AZIMUTH 
P~S=CMOD(AZMA-AZMB, Pl2) 
PZf3IS=C~CDCA21,1A-AMSI.2eUCOIJ, PI2) 

FRI-tH, EASE 1,--I:}ASE-r-- _: ________ _ 
PRINT, AZ~A*~D, ALME*RC 
FRINT, AMS*RDo AZUl~>~<RC 

CALL TITLc(PHM,GLMePHA,GLA,PHB,GLBo 
~ UAS~l.EASE2, AZMA,AZME, AMS,AZBIS) 

_A 3- I 



c 
c 
c 
C /+** MAIN OP~RATING LUGP 

29 CORRA=(/eOi CCF<RB=Oe() 
31 ICC ~TEST=NTEST~l 
32 f'EAD • FhFo GLF 

-~3;:- ------~--- ---IF{ PHP+6LP-~-.-EG. --u-.-iJD(Jut---5-T GP----------------------
34 P~P=PHP*Dki GLP=GLP*DR 

36 
37 
sa-----

39 

c 
c 
c 
c 

c 
c 
c 
c 

I*** GECDEllC OlSTA~CES POINT -F- TC T~A~SMITTE~S 
/***PRECISE GEOUETIC DISTANCES ON THE ELLIPSOID 
/*** BY Vl~CE~TY 1 S FU~MULA 
CALL \J 1 N IN ( A E oF I o P 1-1 P o G L F , PH Ill , G L Ill • D M , P.l PM ) 
CALL Vl~lN{AloFlt P~P.~LPt PHA,GLAo DA, AZPA) 

-(; P.L-L--V-Itor-iN( A-E-t-F-lr- FHP-,6-L-FT-PHE.--EL:-E-e--flB.-AlPB- )------- ---- --------------

/*** FlCTITICUS UBSERV~D HYPERBOLAE 
I*** DERIVED fhUM EXACT GISTA~CES BY VlNCENTY 1 S FORMULA 
hYPA=DA-DMi HYPB=DU-D~ 

C I*** TEST Of CIRECT SOLLTlCN 
41 P~INT 3~€ 

--4 ~--~--'-------3-9-8---F-6-RM-AT-(-1+1--f ,t-)----------
43 PRINT 1C2t NTEST 
44 102 FORMAT(lH ,/X, 1 0IRECT SCLUTIC~ - TEST FTe 1\Q • I t 12/ 

! lr o7Xo3l(lli*) /) 
45 CALL CCUIED( HYPAoHYPB, Pt-P,GLP) 

A3-2 



c 
c 

46 ITER=L 
47 20Cl IlER-=lTEH+l 

4d 

4<) 

5v 

51 
52 
5.3 

54 
55 

56 
57 

. ···59~· 
6v 

c 
c 

c 
c 
c 

c 
c 

c 

c 

/*** 
CALL 

:1···· 

(JILL 

C JILL 
/*** 
CALL 
CALL 
CALL 

SP~ERICAL ~ULUTIUN ~ITH MODlFlED HYPE~dOLAE 
HY~PII( AMSoi.:lASElotJ.ASE2oHYPt+CORF<A, HYPIJ+CORRllo 

·ALAMl,ALA~.2·w DMlwDM2w~-ICCDE) 

SPhFUF(FHN,GLN, ONlo AZt3IS-ALAMl, PHPloGLPl) 

CYCCIR(~YPA,HYPd, CURRAoCURRB, PHP},GLPl, PHPoGLP) 
CCMPUTE LLLIPSGIO CORRECTICNS 
FADLM(PHPltGLPlo FH~oGL~. SM,DSM,COSM,COSA,SINA) 
F A 0 L M ( P ~ P l , GL P 1 , ~ 1- A • GL A • SA, 0 5 A, DO SA , CO SA , S I I'll A ) 
FAOLM{PHFl tGLF h FhE, GL8 ,. EE·wDSB,.GDSi!lwCGSA,.·SINA) ·· 

/*** USE T~E CC~"ECTION TERMS ONL) 
CORRl=(DSM~DDSM)-(CSA+DCSA) 
CORH2=(DSM+DOSM)-(0513-0DSB) 

CHECK=CABS(CC~RA-CL~~l)+CAES(COF<RE-CORR2) 
CORF<A=CORk l i CURRE:I=CGf'f>2 

-~·······l BL·•l .. H -~·-··- -···· .... --~--·-·-····~·~-~-~·--··~~~ · 
IF( CHECK .Gl. lUL) GOTC 200 

C /•** TEST OF ITERATIVE METHOD 
C -'*** ROuGH 1 td T IAL VALUE 

61 Ff;IN 1 3~8 
b2 F~I~T 1C4o NTEST 
63 104 FCRMAT(lH ,7Xo IITERATI"E SOLLTlCJ\- TEST PT. NCe'• 12/ 

:i lH .7>o33(1H'*)-/). 
64 CALL CCL~[C(~Y~~oHYF~, F~P,GLF) 
65 PHPI=(PHPl+PH~)/2.t 
66 GLPI=(GLPl+GLM)/2.~ 

c 
c '*** lTERATl"E ELLIFSOICAL SCLUllCN 

67 

-f>tj~ 

6') 

CALL ~YPGEO(~YPAo HYPB, Ph?leGLPio PHM.GLM, PHA.~LA,PrlEoGLB,ITE~) 
c 
- ~-------Gc--~rc-~t.c.c.-~~- ·----

END 

A 3-3 



c 
c 

70 ~LO~OuTINE rYSPr(A~~.BASEl.BASE2,rYPA,rYPB, 
:t ALAMl, ALAM2, CNl ,ON2, lCCDE) 

C************************************************* 
C -- Dl~ECT SOLUTION OF I~TERSECTING hYPERBOLAE JN THE SPhERE (-------------------------------------------------------------------· 

71 l~PL IElT-HEAL*d-(A-hlJ-Z} 
72 CCMMC~ IBUG 
73 PI=4.C000*DA1AN(l.OD00); RD=lEO.C 000/PI 
75 ,111::=6378 2(.16.4; HY~l=h'tPA/AE; t-.YP2=hYP~/AE 

7t3 
80 
82 

84 
85 
So 
87 

88 
91.J 

':J2 
95 
97 

c 

- <;:--

c 

c 

~~l=DSIN(DASEl/2eODCOl; 
Cel=CCCS(BA~El/2.CJCCH.l li 
~Hl=DSitdtiYPl12.G Duo); 

SE2=CSIN(BASE2/2e0000l 
CB2=DCOS(BASE212.0D00) 
Sh2=CSI~(HYP2/2.0D00) 

/ll=( ~ul-S~-l )to {SEl+Shl l/ (SEl*CEl) 
~2=( ~U2-SH2):¥(SB2t-SH2)/(SB2*CB2) 
E 1=- CS I~ (HYP 1 )/CSHI (lJA!: E 1) 
E2=-CSIN(HYP2)/CSlN(eASE2) 

Pl=(AltA2)/2.~DCC; 
Cl=(El+B2J/2.GD0C; 

P2=(Al-A2)12.C DOC 
GZ=(Bl-82)/2.0 000 

C=P2*01-Pt•a~; SINM=OS1N(AMSI2.0D00); CUSM=DCCS(AMS/2.0DOQJ 
~=P2*CCSM; V=Fl*SINM 
PHI=DATAN2(U,v•; ~=U*CSl~(PHI) t V*DCQS(FHI) 

99 lF(lEUG .NEe~~ PHI~T lCO, Al,A2, 81,82, PloP2, a1,Q2, 
~ O,L,V, Ht PHI 

100 100 FGRM~T(lH ,4[20.8/lb ,4E20e8/1H o2E20.€/1H o2E20ee//) 

101 

103 

~-lOb 

107 

lud 
l09 
110 
111 

. c .. 
c 
c 
c 
c 
c 

c 
c 

II CHECK FCR ~C PO~SiBLE SCLUTICN 
ICODE=Oi If( R .LT. U) REll.RI\ 

I/ ONE UR TWC PCSSitLE SCLl.TICNS 
THETA=OA~SlN(D/R)i ALAMl=THETA-PHI; ALAM2=Pl-THETA-Pl 

1 / D I S T A ~C E S tJ 1 • E • M A S 1 E R T L P ( 1 ~ T - P -
--~-GM 1""' &A'f-~N(---P~.I-(~2-... · S l"'M *OS IN{ ALA# l) ) -)----· 

CM2=0AT .AI\( -F2/ (Q2 + S INM*CS II\( ALAM2))) 

// CCDE TO ICE~TIFY THE SOLUTIONS FCUNO 
IF(ONl eGT. G.O 000) lCCDE=l 
IF( CM2 .GT. 1..0 OOCl ICCDE=2 
IF( Ci'·'il .GT. o.c iJuL .A~D. DM2 .GT. O.ODCO) ICODE:=3 
IF ( l~LG .EC. v• f.<ETUhl\ 

112 FRINTt I hYSPh' 
113 PRINT, lCUOE 
114 P~INT 110, THCTAo PHl, ALAM1,ALAM2, CMloDM2 
115 110 FCh~.AT(lH .2F2~.B/. 
116 RETU~N 
117 END 
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l. 
c 

llH S~BRCUTlhC HYFGEU(O~A.Gtt,PHPoGLPoPh~oGLMoPHAoGLAoPHBoGLS,ITER) 

C***~•**************************************************************4** 
C ITERATIVE INTERSECTION CF HYPEREOLAE Oh THE ELLIPSCID 
c---------------------------------------------------------------------c ChAoCHd = GuSEhvE8 HYPEREOLAEo FATTERhS A & f (METRES) 

-e.-- -FhPrGLP-- ---- --""--INITIAL--APPRO><.--- POSil-ID,._. IN-LAT-6---L-uNG-- ( ~AuiANS-)---
C - PLSC REFihED L~T ~hD LONG dY ITERATIO~ 
C PhMoGLM : G2UDETIC LAT & LChG CF ~ASTER TRANSNITTE~ 
C PHA,<::LA : GI:.:UDETIC LAT & LONG OF SLAVE A 
C PHBeGL~ = GEODETIC LAT & LCNG OF SLAVE B 
C ITEf.: ·= NLIMtJEH CF ITERATIONS 
c 
C f}CTE!11\ALS 
-€--- - FADLM ·· ---- -----"" -5-UtH~CUT li\E -FOR--GEGCE-T-1<; -I-NVERSE---£¥-- ANDLI¥ER-L AMBe~T 
C = FORMULA FOR ELLIPSOIDAL DISTANCE A TU 0 

c---------------------------------------------------------------------
11~ I~PLICIT REAL*8 (A-H,O•ZI 
12v CCM~CI\ IELIG 

c 
ld Pl=4•U*DA1AN(l.CDCJ); f'D=1 a c. c coo /P 1 i AE=637820oe4 LIOv 

c 
-- - -----€-- "''** *--H E-hA-l-l-f-"--lt.~F----------------------------------------------

124 TCL=l.Q; TEST=TOL+TOL; ITER~o; llMAX=20 
12d C~AX=60U.uC+u3 
129 'HilLE (I li:.:F. .LE. I TMAX .AI'\De TEST eGEe TOL) DO 
13~ ITER=ITER+l . 
131 CALL FACL~ (Pt-Po GLPoPI-Mo GLMoSMoCSMoDDSM. COSMt Slt~M) 
132 CALL FADLN{PHP.GLP,PbA,GLAeS~,OSA,DDSA,COSA,SlNA) 
133 CALL FA~LN{Pt-P,GLP,PhBtGLB,SEoDSBeDDSB,COSBoSlNB) 

134 
135 
136 

137 

139 

141 
143 

--~-~ 

l'+!.J 
146 
147 

c 
c 

c 
c 

c 
c 
c 

c 

··---·-------· ------------

/*** SPHEI11C~L CISTAI\CES CCR~ECTEC TO ELLIPSCIC 
D tl= 5,.. +DSM +(.;iJ 511<1 
DA=Sf!,+CSAtJ:CSA 
Db=~E+DSU+DD~B 

/*** CC~PLTED HYFERECLICS AT -F-
ChA=DA-OM; CHU:OB-0~ 

/*** {OESERVEDJ - (CCI\IPUTEC) hYPERE!OLlC DlFFERt:NCES 
DhA:GHA-CHA; Dh~=OHB-CHO 

/*** A-NAl~lX ELEMENTS{Ch/CeFt-J),(Dt-/DeLAMODA) 
DAP=COSA-COSN; OAL=Sli\A-Sl~,.. 
DBP=COSU-COSM; DclL=SINO-SlhM 

----E-- ·-----·-· --~ * * -*-SUt;-\1-E-F OR--li=IE-Cf.-f;! R GG-+-1-G-"S-----C+l.---DL E V C-~.4-M-E-~S----HU-l..~------
DET=CCAP*DBL - DBP*DAL)*AE 

CF=(CHA*CEL - Ct-~*Ctl)/DET 
CL=(CAP*DHB - DBP*DhA)/DEl 

--------------- -----·------ -------------
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c 
c 
C /*** LIMIT Tr£ SIZE CF CORRECTION IF IT IS LARGE 

148 DLC=DL*UCCS{PHP); ClST=AE*CSCRT( DP*DP+DLC*OLC) 
150 FRAClN=l•C 
151 If ( OIST .GT. C~AX) FRACTN=CMA)C.IDI~T 
152 CALL CYCLlT(CHA,CHE,PHPeGLP,OHA,CHBoDP,DL,FRACTN, ITER) 

~ 153 - P hP-""PHP+DP*FRA0TN i ------- GLP""'G LP+DL*F RACT!Ii------- -- - ---- - ----~ 
155 TEST=CAUS(CHA) t UAES(CHU) 
156 ENDWHlL~ 
157 IF ( lEll..G .Ea. C) RETURI\ 
158 fRINT. I HVFGEC 1 

159 PRINT, CHAo CHtl, PHF*RO, GLP*~D 
1 60 p R I N T • I 11 E R = I • 1 T E R 
161 PRli\Te FHF.VRC, GLI-l*f<C 

~ 16 2:---------------~-------P Rl-Nl-.---t.H E-1.----TESl~ 
163 R F.TU Rto. 
16'• EI\.D 

··- --·. -----. --- ------- - --
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c 
c 

165 SUORCUTI~L VININ{AEoFoALATloALONl, ALAT2oALUN2o DlSToAZ) 
(**********~*******************************************~******~******** 
C (EODETIC INVERSE UY VINCENTY'S METHOD c---------------------------------------------------------------166 l~PLICil RCAL*8 (A-HoC-Z) 

167 · CCMMC~ IeUG 
c 
c--

168 
16'.1 
l 70 
171 
172 
173 
174 
175 

c 
c 

176 
177 
178 
179 ·--

c 
c--

18(J 
181 
ld2 
ltl.:J 

c 
-184 

185 
ldo 

c 
1d7 
188 
18':# 

c 
€ 

19u 
191 

~lAlEMENT FU~C1IC~~ 
SIN(/l)=DSIN(A) 
CCS{/l)..;:CCCS(.A) 
TAN(/l)= DS!N(A)/UCC~(A) 
.ATAN(AI=DATAN(A) 
.ATAN2(A,E)=C~TAN2(Ao8) 

--!:ORT-{1\ )=OSORH A)
AES(/l)=C.AIJS(A) 
SICU(A)=DSORT(le0 COt- A*A) 

/*** CCI\STANTS 
PI=4.D*DATAN(leC D0G) 
F u z z = 1 • o o- 1 2 
FL=l eC/F 

·~HE=--AE*{-1.~1-f'.-L)-----------

RECUCEC LATITUCES ANC THEIR TRIG FUNCTIONS 
T u 1 = ( 1 • (.; -F L ) * T A 1\ ( ALA T 1 ) 
TU2=(l.O-FL)* TAN(ALAT2) 
\J 1 =AT A 1\ (TU 1 ) 
L2=A TAl\( 1U2) 

SUl·=S I"' HH+ 
~ L 2= ~ I 1\ ( l. 2 ) 
SU12=SU1*SU2 

Cl..t=COS( l.U 
( IJ 2= ( 0 5 ( U 2 ) 
CU12=CL.l*CU2 

F I f'S'F-APP-RliX--BF-·DIFF-EHENG~-lN -LU-NGI-ll.DE:--=-D .LONG-ON <>P14...:f.<E 
OL=ALC1'2-ALCI\l 
>DL=DL 
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c 
c 
C -- ITERATIC~ LuOP 

192 100 CGNTINLE 
193 ~OL=!:IN(DL) 
194 CCL=CCS(DL) 
195 C5=SL12 + CU12*CUL 

--1"96--- ------~ -~5...-SICG-{-C&-)--~-----~--- --------------------------
197 SIG=PTA~(SS/CSt 
19U IF ( AiJ5 (SS) eLTe FUZZ) SS=FUZl 
199 Sft=CU12*SDL/SS 
2~0 CP=SICC(SA) 
~01 Cft2=CA*CA 
202 C2SM=CS ·- ( 2eO*SU1.:)/CA2 

c . 
- --------1,';- ---------D-IFFE-REi'CE--OF--L c-.. G.-C,..,---AUX-lb-l-Af<¥--SP_...ERE------- ---------- -------- -

203 
204 
205 
20b 
207 
208 

2C9 
210 
211 
212 

c 

G 

c 

C = ( F L / 16 .c.. ) * C A 2 *< 4 • C +( F L •H 4 • 0- 3 • C * C A 2) ) ) 
DL l= XDL+ ( 1 • 0 -C.) *F L* !:A* ( 5 [ G +C* SS * ( C2 S tH C*CS * ( -1 eO+ 2 eO* ( C 251-1 * * 2) ) ) ) 
IF ( PE!S(uLl-CL) .LEe leCD-lC) GClO 45 
0 L=D ll 
GCTO 100 

45 CCNT I~UE 
~-----~-------~-

I..=(CA**2) :c< ((AE**2) - (liE**2)) / ( BE**2) 
P=1.0+((U/25c.C)*(c4eO+L*(-12eC+5eC*U))) 
E = (U / 512.0) * {1~8.0 + U * ( -64e0 + { 37e0 * U ))) 
OSIG = t:l * SS * (C2SM + Ge25 * E * CS * (-1.0 + 2ev*(C2SM**2))) 

C-- GEC:ESIC ClSTA~CE 
213 DIST= BE * A * ( SlG- DSlG) 

--c-
c-- CALCULATE THE FC~~PRC AZI~UT~ 

5 DL 1 = 5 I N ( U L 1 ) 
CCLl= CCS(DLl) 

------~--·-------· -----·· --· --- --··-- ·-

214 
215 
216 
217 

AZl= ATAI\-':.((Cli2*S0Ll)d CUl*SU2-SUl*CU2*COLl)) 
7.: CONT INt...£ 

c 
C-- E!PC~ AZI~LTH 

2-1 e-- -------~Al:-2=-----A-l-A-N--2-H --h \.1-*€-li--l---*5-0-L H -.-(-5--b-l--f:€--l.-2---£---tl-1 *-Su--2*-(;0L:--H ---
21':.1 PZF=AZl 

.220 IF(IBUG eEO. C) RETU~N 
221 PRINT. I VlNIN' 
222 P~INTo DIST, AZ1oAZ2 
~23 ~ETURN 
~24 END 

)\3-9 



c 
c 

225 SUORCUTI~E FAGL~(Ph~oGL~oPHU,CLEo SoOS,OOS, COSAoSINA) 
C*****•******************************************************* 
C -- GECDETIC DISTANCE BY FORSYThE-ANDOVER-LAMBERT METH00 
c------------------------------------------------------------226 IMPL lC IT R[.;AL*8 ( A-l) 

227 -INTE~ER -ll::l0G 
228 CCMMCN IBUG 

229 
231 
233 

235 
2.37 -
239 

241 
243 
245 
247 

249 
252 
253 
256 

259 
260 

261 
263 
265 
267 
26ei 
269 

27u 
271 
273 
274 
275 

c 

c 

c 

c 

c 

0 
c 

-€-

~E=6378 2~6.4 D00i 
FhM=(PhEtPhA)/2.U000i 
D L 0 N = G L tJ -G L A i 

SPM·=CSII\(PhM)i 
~DP-=OSIN{OPM) :· 
S DL = 0 5 I N CD L M ) ; 

FL=l.UDGC/2S4.9787 DOC 
DPM=CPHB-PHA)/2.0 DG0 

CLM=OLCN/2.0 000 

CPM=DCCS(PHM) 
-HJF=DECOS (8PM}

C 0 L =DC C S ( D L M ) 

K=SP~*CDP; ~K=SOP*CF~ 
h=(CPMt5DPl*(CPM-S0F); L=SDP*SDF + H*SDL*SDL 
L=2eCDOC*K*K/(leJDOC-L); V=2.CDOO*KK*KK/L 
~=Ut~; Y=U-V 

---.I***"-5Ft-Ef:.H-GA-t.--ARG--GI~TAN£g;. --0---{-RADlAN-S-)---&---S-(M !iTRES~-- · - ----
D=Z.CDOC*DA~Sl~(JSQ~T(L)); SI~D=DSIN(O); COSD=DCOS(D) 
S=AE*D 
J;O/SI~C; E=J~.0 C00*CCSD; ~=4.CDOC*T*(B.ODCO+T*E/15eODJJ) 
D=4.,CD<JC*l6eiJOOC t- H<Tli 0=-(Cf-C)i C=T-(At-E)/2ei)D00 

CS=-AEtSI~C*{FL/4.~[00) * ( TtX- ~.ODOOtV) 
JDS=A~*SlND*(FL*FL/f4.C OOU)*( X*(A+C*X)+Y*{Bf-E*Y)t-D*X*Y) 

----~--- ---- -"- -~--- ---- ------------------

'*** GRAOI~NTS PARTIAL CE~IVATIVES 
~A=DSli\(PHA) i CA=DCOS(FHA) 
SB=DSIN(PHB); Cl:i=-DCOS(PHEJ) 
SL=OSI~(OLGN)i CL=CCGS(CLON) 
COSA=(~A*CB*CL-CA*Sc)/SI~O 
SINA=-(CA*CO*SL)/SIND 
IF(IEUG eEG. 0) RETURN 

0 1ST:= S+OStDCS 
PHINT 1 1 FADLM 1 ; PRHH, St CS, CDS, DIST 
PRlNlt COSA, SlNA 
~ETUf;N 

EI\D 
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c 
c 

276 SLOROLTINE SFHFUR(PHAt~LA,D,A2,FHE,GLB) 
C*********•********************************** 
C -- POSITICN OF -E- I~ SP~ERIC'L LAT AND LONG 
C --BY SPHERICAL DISTANCE A~U All~UTH FRCM -A-
c-----------------------------------------------~7 1-- -· --I t-Pl:-1€-l--l--f<EA~.o-*- d -- -( - A-H ,G-l J 

278 COMMON IDUG 

279 
281 
283 

c 

c 

SA=DS 1 N( PHA) i 
SD=DSIN(D) i 
S2=DSI"(AZ); 

CA=DCCS(PHA) 
CD=DCC S (D) 
Cl=DCCS(AZ) 

285' PHE:J=DARS ltHCC*SA+SD*CA*Cl)· 
----286- - --------5 E=O S--Hd.PHB-) +-- ---(E.,.OE£5 (PHI:H 

c 
28E:J SL=SD*SZ/CBi CL=lCD-SA*SE) I(CA*CB) 
290 GLB=GLA * DATA~2( SL,CL) 

2~1 
292 
293 

-294--
295 

c 
IF ( 11:3UG .Eae C) RETUF<I'o 
F~tNT. I SPHFCf; I 

P R l N 1 , PH A , G L A , D , A .2 , PH E • G L 1:3 
-------F<-E-l-Uf<-N-----

EI'D 
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2.9o 

297 
2")8 
299 
301 

302 
305 
JOd 

311 
.:.H3 
31:5 
Jl7 

310 
319 
320 

- 321 --
322 
323 

c 
c 

SUUROUTINE SPHlNV(PHAtGLA,PHUoGLB,lJoAZAf3,AZBAl 
(*************************************************** 
C SPH~~ICAL DI~TA~CE & All~~TH c---------------------------------------------------------

c 

c 

c 

I~PL1CIT REAL*B (A-~,0-l) 
CG:.tMCN ··1 EUu 
PI= 4e0 CC.v*CATAN(le<.. DOv); 
AE=6373206e4 

C il=OCLS ( Pt-lA) i 
CU=DCOS( PHU) i 
OLUN=GLB-l.JLA i 

.;:>A=CS IN ( PrA) i 
SlJ=CSit-.(PHU)i 
SL=DSltdDLUN) i 

RO= 1 eo.o ooo /P 1 

TA=SA/CA 
Te:Se/CB 

CL=CCCS(DLON: 

CCSO= !::A*E8 + CA*Cd*CL; --- D=DA-J;CCS -(CCSD) 
CIV=lU*CA-SA*CLi ALA8=DATA~2(5LtDIV) 
CIV=TA*Ce-St*CLi AlEA=CATAN2{-SL,OIV) 
IF( 1 BUG .u:. 1) Rt.:TU~I\ 

F f' IN T • • SP r I 1\ V 1 

Fr·tiNT, 1 1 

P~lNTo PHA,GLAt PH~t~L~. U,AZAB,AlEA 
F ~ 1 N T ~ D--* A-l::i:-.-A ~--.A 6 * l<u.--A-l tJ .A-'*H C------~---·- ------------
RETURI\ 
EI>IO 
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c 
c 

324 DOUBLE PRECI~lON Fl..I\CT!CI\ i<ADI\(ID.I~.AS) 
C--- CEGRESS, MINUT[S AND SECGNDS TO RADIANS IN DOUBLE PRECISIGN 
c----------------------------------------------------------------.325 IMPLICIT REAL*8 (A-H,C•l) 

326 FI=4.eD*OATAN(le0 DOO) 
---321- · ---· -- - ---- -: G= 1-. a----- --------- -- -·--- -----------

328 IF (AS eNE. c • .;) SG=ASIDAtJS(ASJ 
329 IF ( L-i .N[e 0) SG= 1114/IAB.i( IM) 
3.30 IF ( 10 eNEe u) SG=IO/IABS( 10) 
331 JINGLE=AS + 6C.O:C<OFLCAT( 1M+60*1 ~ESC IC)) 
332 ~JIDN= SG*ANGLE* (Pl/lSOe0)/(60eG:Crf0e0) 
333 PRINT lGO, IO,I~tAS 
3J4 100 FCRMJIT(lH ,214oFYe2) 

-- 335 --- - -------- --F·E fU R ,.,_ _________________ ·-----· --·----- ------·-------------
~36 EI'ID 

337 SUBROUTINE RADMIN( RADS, IDEGS, FMINS) 
c ***********************~·····~·· **** 

338 l~PLICIT REAL*8( A-H,0-2) 
3.J'J FI=4.0 * OAT AN( leO DOO); SGN=DSIGN( leO llOO, RAUS) 
341 iii\GLE=SGI\*RADS*lSv .. o DOC / P 1 

-~42-------------1-DE-G E=-A-NQ..-E; F-Mlt>.-S=(----.4t>.Gt..&-DF-LC-A-l---(-l-C-e-G~-*4V-.-0--000----
344 JII\GLE=Al\.GLt:: i 1.0 D-09 
345 ~ETU~Ni EI\C 

.347 

-348-
..349 
351 
352 
354 
356 
359 
361 

SL.t:JROLiliNE RAOMS(ANGLE, IDEGS, ~U·S • SECS) 
c ***************************************** C A~GLES lN RADIA~S TO llEGREES. Ml~LTES AND SECONCS 
c ------------------------------------------------------ ----+~Pt;; 1-€-11'--f<E-.AL-*8--{-A-1-,- G--l-) -------- -------~-------· 

Pl2=Ee~*llA1A~(le~ UGO)i RD=36Ce0 COO/Pl2 
SC=DSI<;N( leC DCu. ANGLE) 

FUZZ=leJU-lli ANGC=(SC*ANGLE*RO) +FUZZ 
IDEG~=ANGDi ANGD A~GD-DFLOJil(lDEGS) 
P~GM=ANGD~<6v eO UCH:: M lNS=ANGM; ANGM=ANGM-DFLOAH MI NS) 
~ECS=ANGM*GO.G DOC• ICEGS= (( SC * ICEGS ) ) 
f;ETURNi ENC 
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c 
c 

.363 

c 
c 
c 

--364 
365 
366 
36') 
370 

c 
371 
372 

SUBRCUTI~E TlTLE(PrM,GL~,PHA,GLAoPHB,GLBt 
~ 8ASEl,BASE2, AZ~A,AZMB, A~SoAZEIS) 

**********·············~··················********* 
TITLE PAGE FC~ ELLIFSCICAL PRCDLEM 

------------------------------------ - ------1 fo/Pt. 1-£-FJ--RC: AL;-+8- -{ A- r., 8--l·- ---------------- -- -------- -------- -- ----
COMMC~ IBU<.i 
PI=4aO*DATAN(l • .:l OvC); RD-=1€uaCDOO.IPI; DR=PI/ldOav 001) 
Ff;lNT 398 

3Se FCRMAT ( lHl) 

Pf;INT 4C'C 
40C i=ORMAT( HI /.//lH , 15Xt =4( lH*) / 

- -- --t--- --- - ---lH rl:x-, -• T-E-ST- OF---ELL I P Su--IOAL;--H \'PERdOL;-IG-1-N-T ERSe-GT l ON--•-. -

373 
374 

c 

A 1 ALGC~ITrMS 1 / 

B lH ,27:X, 1 1.)1RECT A(\;0 lTER.ATI\IE MET~OD 1 /lH ol5X,54l1H*)//I 

FJ;INl 402 
402 FORMAT(lH ,t:X, 1 TRA(\;SM11T~R STATIC~ FOSITICNS', 

$ 1 IN GEODETIC CU-ORDINA1ES 1 / 

1 lH ol5X, 54(1H*) / 
-----~---------A- -- ----1-H-,-~,_j--Cl..-A ~K-f:-l-S66----E l.-W$-S-Cl-C-.!..1 ___._ __ 

375 
377 

378 
--380 

381 
383 

384 
385 
386 

387 
388 
389 
390 

c 

c 

c 

c 

E 1 A=63782C6a4 F= 1/294.9787 1 /// 

C lH t2fXt 1 LATITUOE'• 7Xo 1 LCNGITUDE 1 //) 

CALL RACI\IS(PI-,.,, IJA,MA,SECA); CALL RADMS(GLM,·IDO.M0,51::.Cu) 
PRINT 4C4, IOA,MA,SECA, IDO,MO,SECO 

(ALL RADMS(PrA, luA,MAtSECAI; CALL RAOMS(GLA.IDO,MO,SECO) 
----PR lNl 4{16 w·-1-UA w/oi-Aw S€CA .. ---100, /140-,SE~O-------------

CALL ~ACMS(PtUoiUA,MAoSECA); CALL RADMS(GLB,IDO,MOtSECO) 
PRINT 403, IDA.~A,SECA, lOO,~u.SECO 

404 fCt.MAT(111 ol5Xo 1 1'-tASTI::.R '• 
4C6 FORMAT(lH o15X,'SLAVE A 1 t 

408 FORMATllH ,15Xt 1 SLAVE B'• 
PRINl 396 

3Sf FORMAl(lh ///) 
PRINT 410 

2 (If, 
2 ( 16. 
2(1(;, 

I- It . -. ' 
I- It 

I 2, 
12. 
12. 

•-•, F6e3) .I) 
•-•, F6e3 ) / ) 
1 - 1 • F6e3 ) / ) 

410 FURMAT(lH w15Xo 1 CHAIN CCI\FlGUJ;ATlON- SP11ERlCAL ANGLES & ARCS 
s 1H ,1sx. 46(1H-) 11 
~ lt ,15X, 1 CN SPHEJ;E OF RACIUS A=637S206,4 METRES• // 
8 11-t ,4::x,•RAUIAN!: 1 o lUXe 'DEGREES' / 

-------- -------- ----t---------1 h-- -.--J-~ X-, -a-(---' SL-A--VE---~ A---i~___,_l~--A---V-G: -B --L-.-S.X--)---t-.1-l-----
C 

391 PRINT 412o BA~I::.ltBA~E2, EASE1*RC,EASE2*RD, 
~ AZMAoAZMUo AZMA~RO, AZ~B*RD 

392 412 FC~MAT(lH tl~Xo 1 tiASELINE LENGTH 1 w2Xw2Fl3e9,2F13e6 / 

393 
<394· 

395 
3Y6 

c 
t lH .l~X, 1 BASELli\E AllMLTH '• 2Fl3e9t 2Fl3a6 //} 

Fli!Nl '!16t ~r.S,AMS*hDo Ali31St AlBIS*RD 
41 e--FORM A l (-tH-,1-~X-, •ANGLE-BET ~EEN-8AS-EL l-to.ES-•,--F17 e-9--.-F24e-6- -t-

$ lh t15Xt 1 i:JISECTLF< SPHERICAL AZIMUTH',Fl4e9t F24a6 //) 
FF<INl 3<;08 
RETURN; ENC i 
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'-
c 

.398 
c 

399 
400 
401 
402 

lf(J.3 
404 
4v5 
406 

407 

409 
c 
c 
c 

SUBhOUTINE CLLhED( rVPAoHYPB, PHP,GLP) 
************************************* 
IMPLICIT Fi.EAL*8 (A-Ho0•2) 
f~INl ... I 

PRINl 63c 
-6-3 6-FORM-AT-(1 H -,-2!i-Xo .tHVPEf.H:hJLAt::t o1-2X--,' GEODe 11-G--POS 1 T--l--011; -(DL::~ .IMl N t-t-..1 

$ 1H o27Xo 1 -A-', 9Xo 1 - - 1 o12Xo 1 LATITLJOE'o 6Xo 1 LJNGITUDE 1 /I) 
CALL RADMlh(PHPolDLAT, F~LAT) 
CALL RAO~IN(GLPoiDLUN,FMLON) 
f:f;INT 63tJ, HYFA,HYPI::o ICL.AT,FMLAT, IOLON,FMLON 

6.34 FORMAl(lH o7>C, 1 0BSEf'VED HYPB. '• F10.l.Fl2•l•' .AT 
$ 2 ( 14 •• --I • F 7. 4. 4 X) / lH • 7 X. 7 &. ( 1H-, //) 
hETU~hi ~~U • 

SLBRULliNE CYCDlk(HYPAoHYFBo COFFfteCORRBo FHPPoGLFP, PHF,GLP) 

------------------------------------------------------·-------DIRECT METHOD CYCLE PRI~l-CUT 

----------------------------------410 I~PLICIT ~EAL*B (A-ro0-2) 
411 FRINl, I I 

412 F~INT tcOo CCRRAoCUFi.RB 
--41-3--- --6-6-G--F-tf'M- ~-1- {-1-H--~ -7--X-~L El.t..-1-F!.:iQ-l C----(..GRR-.--!~--f'-1--1--.--l~l--.G-.---l.-l--------------------

C 
414 CftLL RACf-llN(PI-PPoiDLAToFMLAT); CALL RADMIN(GLFPo lOLOf'o, F~LCf!.) 
416 FI-<INT 670, hYPA+COt;f;A, t-VPB+CORRB, IDLAT,FMLATo IDLIJi'-I,FMLON 
417 67C rORMAl(lH ,7X, 1 SPHEIHCAL \IALUE 1 , Fll.l,Fl2.1t 1 ==> '• 

s 2 ( 15 •• - I • F 7. ~. 2 X ) / 1.., • 4 8 )(' 2 ( I 3 ( 1 H- , • 2 X ) 
c 

41H DP=PHPP-PHP; 0L=GLFP-GLF; CC=DCCS(FH~); CONV=637d206,4 
42 2 ·· · - -- --···-·----C .AL-L--h A CM li..J (-CP,--1 ObAl-.-- F-ML-AT-)-...;---C-ALl..---RADM--1--W(~L-.--I-.ULaN-•--F-Mt... ON)----
424 P~IIIil t:50t ICLAlo FfiiLAT, IDLl;t,,ftJ.LGfl.;, DP*CCNVe CL'*Cu;"V*CU 
425 65C FORMAl(lH ,4tX,2(5Xo11(1H-) ), l)c / 

426 
427 

$ lt- ,41X, 1 EF:Fi0h ='• 2( I;, 1 - 1 ,F7.3e1X) / 
~ 1H e4lX, 1 If\ METj:;ES•, 2(fll•l•2X) ) 

FF<INTo 1 1 

11ETU~I\; E~l: 

A3 -14 



42'i 

/J"jl) 

431 

433 
434 
435 
436 

437 
--438 

43<J 
440 

c 
c 
c 
c 

c 

c 

c 

:LBRCUTINE C~CLIT(CHA.C~B,PHP,GLPeC~A,CHBoDP,DLoF~~CTNe ITER) 
••••••*****************•************************************ 
ITE~ATIC~ CYCLE P"INT-CUT 

I~PLIClT R~AL*U (A-MoO-Z) 
AE=637d206.4; ?l=4.~+CATAN(la0 COO) 
---------------------------- -- --------------

CALL RACMIN(P~PolULAToFMLAT) 
CALL RADMlN(GLPol0LCNoF~LON) 
PRINT 606o CtiA,CHUo lDL.AToFMLATe 

606 FC~MAT(lH ,7X, 1 CUMFUTEC ~VPUe='• 
' 2 )( • 2 ( 14 • I- I • F 7. 3. 4X , 

IDLQN,Fto/LCN 
FlleloF12elo 1 , 

CALL RAC~IN(CP*FRACTNo l~LATtfMLAT) 
----- -€ALl:-- f<ADMl NHH;*t'-RA.C-TN,---10LON ,FML-4::#1. l-------------

FF< INT 6C8o OHAo OHO, IOLAT ,FMLAT • IOLON oF to/LCN 
6C8 FCF<MAT(1H e7Xo 1 CUS- CCNPUTEO:•, Fllal,Fl2elo 

:f t:X, 2( 14,•-•, F7 • .J, 4X) / 
A 1 t- o 5 l X , l 2 ( 1 H- ) o 4 X o 1 2 ( 1 H- ) ) 

AT ', 

441 
442 

------44 3 ----
444 

CALL RADMIN{ PHP•OP*FRACTN, IOL.Alt FMLAT) 
CALL RAIJMIN( GLP+IJL*FRACTNo lDLCN, FMLCN) 

---F--F-l-N-l-e-1-G--r-1-::f~o--1-CL A+~--1" Ml..AT----1!)-L-l.J N-o-f'-~ 1..0-N----------
610 fORMAT(lH ,,J.,::)(,IJTL:R NCe 1 t 12ot3:X,2(I4,•-•,F7e3o4X) //) 

445 
446 

c 

$ENTR'f 

~ETU F 1\ 
END 

IASTt::f< LAT= 3(leOOCOOCCIC LOI\G-= o.oaoooooo 
-- .. --·--· ------·------------------ -~-----------· ----------- --------

.AVE ~ LAT.:: -30 .co oc j(;Q{.. LUf'.<G:: 3-J.OOCOCCOC 

.AVE E LAT= cCaCOCCCICCO LCI\G.: oc.oooooooo 

Ce1159S041770494150 01 Ue8c38445g8~076787C 00 
Oel518132145679865D 03 veJ47150C3953~4S23D 02 
v•ll 7li--9 8 21 06--1- 4(c-3-820--43--------{}.-g;a-2-64-1-..}-';2 e-0-~-61~6D-----G2--

A3-!5" 
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~~**************************************************** 
lEST CF ELLIFSCIDAL HYPERdOLIC INTERSECTIDN ALGORITH~S 

DIRECT AND ITERATIVE ~EThCC 

****f************************************************* 

T~ANSMITTER ~TATIUN PUSITIONS IN GEODETIC CO-ORDINATES 
****************************************************** 
CLARKE 1806 ELLIPSGID A=637€2C6e4 f; l/294eS787 

--t;;:AH 1 Ut) E- --- - LOI'.G l-1-tiDE-

~\~ASTER 3G- 0- o.ooo o- c- o.ooo 
SLAVE A -3J- v- o.u(.IJ 30- c- c.ooo 
~LAVE B 6C- c- o.ooc 60- o- o.ooo 

CHAI~ CC~FICU~ATlON- SP~ERICAL ANGLES & ARCS 

C"-SFHEJ.;E- CF ~AGIUS.- A=f.J782C6e4--MET-RES--- ----

F<AOIA"S DEGREES 
SLAVE -A- SLAVE -u- SLAVE -A- SLAVE -8-

EASELINt: LEN(T~ 
EASELI~E AliMUTH 

lel5S804177 C.86~84459S 
2.649640442 ve605891119 

ft"GLE cETWEE~ ~ASELINES 
3ISECTCR SPHERICAL Allt>ILTH 

2.C43749323 
1o62776578l 

A4-t 

c6. 451 o84 
151.813215 

4~.4~4~50 
34.715.)04 

117.098211 
93.2641:)<;0 



DIRECT SOLUTION - TEST PT. ~a. 1 
******************************* 

HYPER~OLAE GEGDETIC POSITION (DEG/~IN) 
~---·-·---~---------~----~-~~----·--·-·-··-·· ··-----------·---~------ --- L-AHTUOE----- ----LOt\GlTUOii 

CBSERVEC 1-YPEe 520UJ62.3 -509!::72.7 AT 45- o. OOu 0 30- o.oaoo 
------------------------------------------------------------------------

-ELL 1 P se to €8-M ,;.--.---- ------ -- t~.~J ~--------------- -o-. 0------------ ---···-··-··-·-· -·--·---------
SPHERICAL VALU2 52U0~62e3 -5CS572e7 ==> 44- 4le091 30- lde352 

ERROR = 
IN METRES 

o- HJ. 9v 9 
-35082.2 

a- 18.352 
24076. 1 

-EL-L-lPSC-1£---GG~ 44-a-.3--1-.4-----"'-2-45-1-.-1---- ----------------·-----------
SPHERICAL VALUE 5'44U89.7 -512u23e8 ==> 44- 59.-16<; 2~- 59e9Cl7 

ERRCR ; 0- 0.031 u- o.J<».J 
1~ MET~ES -56e6 -122.2 

ELL I PSG ID- COf<R.-- - --44-44i:ie-3 -------~27l 1-• 0------·--------~----------- ------------- ----------·--· -·-·· 
SPHERICAL VALUE 524~Slle6 -512283e6 ==> 45- O.OJl 

ERROR = 
IN METj;ES 

o- a.oot 
1. 7 

A4-Z 

30- o.oot 

a- o.uJl 
t. 4 



ITERATI~E SOLUTIGN - TEST PTe ~G. 1 
**************************•****** 

HYPE~EULAE 
-A-~-~~-

GEODETIC POSITiu:>J (DcGiiHN. 
LAT !TUDE LOI'IGITUi)E 

DUSEk \/ED rYPBe 520C362,.3 -509572.7 AT 45- o.oooo 30- o.ooco 
------------------------------------------------------------------------
CUMPUTEC rYP~.= 6~l6Elf.7 24CEC72.7 ~1 37- 30eOOC 15- J.JJl 

-f: f:l!S- - --cc~PU TED-=---d-1 6A5 4 • 4-- -2-9-17645.4 ------- - ---- -3---25. 2<35-- -- -- 5- 1 4 • ~ 6 5 

r TE;:R r-.c. 1 

COMPUTED HYPOe= 572266~.5 12~4122e4 AT 
GBS- CONPUTED~ -522~03e3 -17f3695e1 

40- 55e2d5 

40- 55e2d5 
2- 5t3. 93 7 

20- 14.965 

20- 14.96~ 
5- 56.5.:10 

-----~---~---------------l-TER---fi.C.--Z~--~~-------4-J.-"'---S4e-222--------2C-..,.-ll.4o~ 

CUMPVTEO HYPBe= 5414309 .. ':1 10.3898.5 AT 43- 54e222 26- lla4ff 
OtJS - CGMPUT ED= -213947.6 -<:13471.2 1- Ye268 3- 42.-J32 ________ , _____ 

------------l TE f' r-.c. 3 45- 3e490 29- 54.3<;8 

- -·-·~ __ " ____ ---· ···------ ---- ------·--· 

COMPUTE:O hYPE • = 521l2Jl .. 7 -505533.8 AT 45- 3e49C 29- 54. ::;e 
OBS - CC"--PUTEO= -llld3'Je4 -4C38e9 0 ·- 3 e488 a- 5.634 

------------ ------------
ITEh 1\Le 4 45- o.oo:; 3 c- c.c::;:: 

COMPUTED rYP E • = 52Cu326.1 -5C<.:i643.E AT 45- Oe003 3()- o.l.l::2 
tJij!:)-- CCf.I:PUTEO;;----- -3 Ca-2 ~-- 71 • 2 --------- --- ---V--- 0 evv 3- -- o- v.OJtl-

------------ --·----------
ITER 1\Ce 5 45- o.ovc 2S- 6C.llCC 

CLMPUTEC t-YP E •:: 52CCJ62e4 -509~72.5 AT 45- o. ooc 2 <;- 60.<l)JIJ 
CI:JS - CCMPUTED= -0.1 -o. 2 o- OeO)C o- v. )J 0 

------------ -- ·----------
l J:t:::R--1\Ge -6---------- ----45---~ il-.~OC--------·~2-'.0'""~ -oO.O \Hl ~ 

A4-3 



CIRECT SCLUT IC~ - TE~T PTe Nue ~ 

******************************* 

rYPt::f:;EULAE 
~-A-~~ 

C8SEkVED HYPE. 5268142eb -638006.7 

GEODETIC POSITIUN <DEG/MIN) 
ATHUDE LON;,ilTVDG: 

AT 46- o.oooc 30- !.leOJ~O 

------------------------------------------------------------------------
El:t.:IP::u IC CtlF<Re- -4444'-i•o -2710. 1 
SPHERICPL VALUE 53125Y2.1 -c40717.4 ==.> 

ERROR .:= 

II\ MET~ES 

45- 59.91 7 

o- o.oa3 
-153.5 

2 9- 59. 84 <; 

IJ- (j. 1 : 1 
-195.0 

- ~ EL Ll flS£1 G-tD f. f. • ~ ----44-J~~-.~-----~.J-l~-96-7------~----~------~-~~---------~-~~-~---~··---. 
SPHERICAL VALUE 5Jl2~~4.9 -641203e4 ==> 46- OeOOQ 30- Oe001 

ERRCj; = 
IN METRES 

o- o.ooo 
o. 7 

A4-4 

o- o.oJ1 
().7 



ITERATIVE SULUTIGN - TCST Plo NOo 2 
******************************~~· 

1-YPC:f.EULAE 
----------A-----------

CI::JSERVEC HYPEo 5268142.6 -6.38006.7 AT 

COMPUTED hYPBo= 6C4=1JSeY 2J38290o8 AT 
- 08::> -- C-CttPUT EO~ --7 7 cSS 1o3 ---2S/62 97. 5 ---

I ll:R 1\Co 1 

COMPUTED HYPBo= 577G7Y0~2 1180,45o2 AT 
OBS- CCMPUTED= -502647.6 -lbl8~5loS 

(EODETIC POSITIUN (OEG/MlN) 
LAT[TUDE- LUNGITUDE 

46- o.oooo 

3d- 'loO'.IO 
------3---34.-1-7 5---

41- 34. 17 5 

41- 34.175 
3- 9o228 

3 u- o. o o ..; a 

15- voOCO 
- s- - --7. 4 e6 -

20- 7o4d6 

zo- 7.4te: 
S- SOo52d 

------ ----- - -----------------~-----1-llif<--- 1\ G.---a---- ------ ---44 -------43 o-4v 3------ ----2 !;-"'- -- 5 -d-•--0- 1-4-

COMPUTED hYPBo= 54826b4ol 
GdS - CCMPUTED= -214~2lo5 

COMPUTED hYPEo= 528053lab 
OUS- CC~PUTEO= -12389o0 

22346.2 AT 
-6cCJ52.9 

ITEJ; 1\Co 3 

-633186.2 AT 
-4820 .. 5 

ITER 1\Co 4 ,l;., 

44- 43.403 
1- 20.663 

46- 4o066 

46- 4o06t 
o- 4 .o&s 

46- 0 .oo 1 

COMPUTEC t-YPE.= 526BW94o7 -6~8~92oC AT 46- OoOOl 
-OdS- Cft-tPUT-EfJ--;---------41.-Y ---------85o.3· --- ---0-~0.{}0l----

CCMPUTED rYPEe= 526Ul42.7 
UBS - CCMPUTED= -0.1 

ITER 1\0o 5 

- 6 .: bO () 6 o 5 A T 
-o ~ 2 

46- o.ooo 

46- OoO\)Q 
o- o.oco ______ ._, _____ -

2!:- 58o.Jl4 
3- 55.231 

2Y- 53o2-;!:; 

2 9- 53. 2 ~ = 
o- 6o746 

3C- Oo 041 

3 G- 0 • •) 4 1 
G - - 0 • 0 4 1---

2S- 6C.OCO 

2 9- (;) O. 0 :.JO 
o- OoOJO -------------

------------------- Ff EF\--1\ G-. --6--------------46-------------0-.~0-C--- ---~ ~~--6C.O C v-

A4-S 



DIRECT SCLUT ICI\ - TE£T PTe NUe ~ 

******************************* 

hYPEI"tlULAE 

CtiSEF<VED hYPE. 51276~\.1.5 -632566e4 AT 

GEODETIC PUSITIJN {DEG/MIN) 
-----LAT-ITUOG-- - LUNGlTUiJti-

45- o.oooo 31- OoGOGO 
--------- -----------·-- ------ -·---------------------------- -·-- -·------------ ·--

ELL l P SO 1 C CO hR • -- - 44-~6 ~.& - ------ 31-"'i 6. 5- ------
SPHERICftl VALUE 5171983.1 -6~5762eS ==> 45- ~.092 

ERROr< = 
l"' METRES 

.: .... 

-EL-L-lPS£-I-{]---E-EJ-~F--.-------44€t2&.~--~--~-2-.J1-4-.-{i 
SPHERICAL VALU~ 5172246.0 -63494le3 ==> 

ELL I PSG lD GORF<.,-- -44{;24e7 
SPHERICPL VALUE 5172245.2 

ERRCR = 
I"' MElf;ES 

-2375.~ 
-6~4;42.3 ==> 

ERROR = 
IN METRES 

o- o.v92 
170.8 

45- 0 .oo 1 

0- t)eOCi 1 
2.3 

45- OeOOl 

o- o.oot 
2.2 

1\4-6 

31- 0.30<; 

(;- Oe3J9 
41)4. 8 

31- ().001 

o- o.oo1 
0.7 

31- 0.001 

J- o.o.;1 
1. 4 



ITERATIVE SOLUTION ~ T~ST PTe Nile 3-
****************************•**** 

hYPE~EULftE 
. -A---- ---- __ k~- ------

OBSERvED t-YPHe 5127621,j.5 -632566.4 .AT 

C:EOOET IC PO Sl T I:JN [ OEG/M 1 N) 
L-ATITUDE--- - - LON<.iiTUDE 

45- Oe00')0 31- o.ooao 
------------------------------------------------------------------------
COMPUTED t-YPEe= 5Sff~S7e5 2341835.7 Jll 37- 30.901 15- JO.OJl 
GBS- - CC r.'PUT-ED~- -H 3d977 .&----2-'i14-4-;l 2.-1- ---- ----- -3~-22.-l 71--- ---- - --5--l8e-l4g __ _ 

------------- -------------
llER f\C. 1 40- 52.171 2v- 48.150 

COMPUTED HYPUe= 567084t.s l1S0604el AT 40- 52.171 20- 4thl!:O 
O~S - CC,..PUTED= -543226.1 -1823170.5 2- 55.829 5- 58.917 

------------ ------·--------
-----··-·------~-I--le.R--..J>.t.---2---------4J----43.0V.0----------26 ... --47-.0-G-G---

COMPUTED HYPUe= 5361491.1 43774.5 AT 43- 48.000 
CBS - CGMPUT ED= -233S7C.o -676340.c; 1- 16.230 

------------ITER f\Ce 3 45- 4e230 

-~------- ____________ .... -----~-----------~- .. ---~- ------

CGMPUTED hYPE.= 5141006.4 -627278.7 AT 
CBS - CC:-4PUTED= -1328!:5.9 -5287.7 

ITER "c. 4 

COMPUTEC rYPE.= 5127574eS -632654.4 AT 
~-- 08 S- --- € £ tJ PlJ-T-E D ..ii--~---------4-5. 7--- -~------~-88 .-C ----

CGMPUTEC ~YPE.~ 5127620e6 
OBS- CCMPUTEO= -0.1 

IT!.:R f\Oe 5 

-c::2566e2 AT 
-o. 2 

45- 4e230 
o- 4.227 

------------45- 0 eO·) 3 

45- 0.003 
.o- .. v..ocJ 

4'5- i) .oo 0 

45- o.ooo 
o- o.ooo 

26- 47.r)cf 
4- 6eJJ) 

.Ju- 53.oct: 

30- s3.oct 
o- 6 .~74 

31- ·o.o4o 

31- I.Je040 
-~ -~- I) • 0 40-

3 c- 60. o co 

3 c- 60. o Jo 
o- o. oao 

- -~- ----HER- I\ G e-6----~-------45~\le-0.:.1-G---~---3-Co-- -6.\1-. 0 '.0 

ATEME~TS EXECUTED~ ouo7 

RE U!:AGE 

AGNOSTICS 

UB JEC T C CUE= 27464 EYTESoAR~AY AF<Eft= 16 BYTES,TUTAL A~EA AVA[LABL~= 1(;2400 UYTES 

~NUMB2k BF·E~RO~s~~ G, "U~BER- CF-- WARNINGS= · 0 • NU/oiBER Gf' EXT CiNS IONS= - 22 

IMP I L E T l ME = 0.4~ SEC,EXECUTICN TIME= Ce30 SEC, lGe 44.57 TUC:S:JAY 17 FEB 31 \vAn= rv - 11 

A 4-l 




