5
E ) 1 AL

T i

i
. m ZGNf DF

5 1 |k?€_,.-' #
i i v {
AV -“m A

2250 -

» vz pNE BEL

Fy J'Bd' | AR

Fild / v /7
L S/
ra) " L
L. |
i | | X | s, ] ) y
- L L 1oos 7 eat anir !
T T 4 .I TR 1} 1 v, :&“ v | - 34: T .

| LA L | v i -, /

- | | Ccantos dy P-ar'H_m,l' I,"urw-:T"?J 1o - _‘J 556 858 [-. A a0 y / 333? -

R Hmd’“' '(: i i - G s P I o 335
’ |

e

Banco Princesss,

|-, e I
a7 l_{.ﬂ.?m?i\ )
| s \

AL al
50 T NG
-}'2\{;;01- i “‘lmuidw! t‘i‘*
' Fbrmlw.f’ﬁ 3“'

o) /| "—" |r:-:" -
A g

Ty, /-",M (™ 8 e

SOA0EEm

3§ R O ..é@iﬁ rés Ruiz |
S R oy San Sebastiah - Donggswi”
. ﬁiﬁ‘ Tgﬁ‘xg% 19 N QOZOW o *'“5./ ma:.;_-_.

- P
e / N
L |'||||;.|||| ||||||I =

| = http *7/Wwvy %Qcmqeg- ,com%aﬁdpegrwzg&ﬁialez

-\_.-

/ J [ ,eé"‘s

e e

R g
Haz { b

- i L &

= i ]
" s ) \ -
Y _/ fi e 1559 'y ! s o,




Index

A LA = Lo 1 1= PR UUPPPPIRN 3
EqQUation Of the LN OF POSITION ...eeiiiiiiieeiiie ettt oottt e e e e e et et e e e e e e e s bbb ee e e e e e e s asbbbb e e e e e nanbbeeeeeeeeenn 3
[ DL )20 Yo T o | TP 3
[0 LT o 1T Lo T TP 3
Appendix

F N o o ] 414 1o TR TP P PO PSP PP PP PPPPPPPPN 5
F N o E= 11 T o1 =R EPU P 6
F N TS0 )41 L - PP EPU T 6
J A Yo 10T o = oo Lo 1= TR PSP UPPPPIRN 7
PN =] =1 €] g T =T TP ORP R PPPPUIRN 7
Abstract

This paper describes the numerical solution of the problem in classical celestial navigation:
calculate the position by two lines of position.

Two cases are treated: the Fix, where the two observations may be considered as
simultaneous, and the Running Fix, where in general due to the time elapsed between the two
measurements with the sextant, you must move the first line to the instant of the second one.

© Andrés Ruiz
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Variables
P Intercept of a sight
p=Ho-Hc

Towards = +/ Away = —
Z Azimuth (true)

Measured clockwise around the horizon from
0° to 360°, is the arc of the horizon between
the meridian of a place and the vertical circle
passing through a celestial body.

B Latitude
N(+)/S (=)

L Longitude
E(+)/W(-)

Equation of the Line of Position

3

Substituting these values into the
equation and rearranging terms, leads to the
equation of the LoP:

p=xsinZ+ycosZ

Fix by two LoP

The equation of a line in the Cartesian
plane is given by:

y=fx)=mx+b
Where m is the slope and b is the
ordinate at the origin.

Y

N

N\

X

LoP in the Cartesian plane

From the figure it follows the relationship
of m y b, with the parameters characterizing
the line of position, LoP: p and Z

m = tan(180°-Z) = -tan Z
b = p/cos Z

http://www.geocities.com/andresruizgonzalez/

Position (B, L) can be calculated
analytically as the intersection of two LoP,
taking the estimated position as the origin of
Cartesian coordinates. The process merely
mathematically formulate the graphic
method used in the nautical chart.

If both are obtained simultaneously:

p1=xsinZ1 +y cos Z1
p2 =xsin Z2 +ycos Z2

Solving this system of two equations the
point (x, y) is obtained; the cut between the
two LoP. The latitude and longitude will be
obtained from the estimated position (Be,
Le).

If p is in nautical miles:

B = Be +y/60
L = Le + x/60/COS(B)

The calculation process is detailed in the
appendix. The required data is:

e Estimated Posicion: Be, Le

e LOP1: p1, Z1

e LOP2: p2, Z2

Running Fix

Célculo analitico de la Situacién por 2 Rectas de Altura

In the more general case the two LoPs
will be obtained for different moments in
time: t1 and t2.

Let R and d be the course and distance
sailed between t1 and t2. The first LoP,
RA1(t1), must be moved to the instant of the
second observation; RA1(t2). In this way the
intersection of RA1(t2) and RA2(t2) give us
the position.

The distance sailed can be calculated as
a function of time elapsed between the

Navigational Algorithms
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observations and the speed sailed at
constant course:
d=V (t2-t1)

RAL{E2)

RAL(LL)

Move of a LoP.

In the figure, K is the distance to be
moving the first LoP.

cos a = K/d
Z1+a=R
K =d cos(R-Z1)

So the intercept was corrected by:
p1(t2) = p1(t1) + K

pl(t2) = p1(t1) + d cos(R-Z1)

Of course, if both observations are
simultaneous, t1 = t2, the distance is d = 0,
and the intercept does not change.

http://www.geocities.com/andresruizgonzalez/ Célculo analitico de la Situacién por 2 Rectas de Altura
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A1l. Algorithm

Situacion por dos rectas de altura

Observacion 1
UT11 H51. 21
Observacion 2
UT1; Hs;, Z5

k.

Determinante RA

p. Z
3 L 4
RA 1 RA 2
p1, Z1 p2, 22
Derrota
R,V
k4
d=V {211}
p1(t2) = p1{i1) + d cos(R-Z1)
a= 8IN(Z1)
b= COS(Z1)
¢ = SIN(Z2)
d = COS(Z2)
x = (p1*d-p2*b)i(a*d-b*c)
y = (p2*a-p1*c)ifa*d-b*c)

Situacion Observada

B = Be + y/60
L = Le + x/60/COS(B)

http://www.geocities.com/andresruizgonzalez/ Célculo analitico de la Situacién por 2 Rectas de Altura Navigational Algorithms



A2. Example

Be =12.00
Le =-17.75
R =343°
V=0

Z() p (mn)

337.5854
294.1474

3.24
7.152

B =12.0056°
L =-17.8810°

A3. Software

-0

12.008, -17.881)

gle=(12.000,-17.750)

B Almanaque Nautico

lJI=ES

Efemerides ElSol Laluna Mavegacion Astronomica Rumbos Avuda
Fecha ;| 05/02/2003 vl Cuerpo Celeste
- ¢ Sal " Planeta Calcular |
T =| 92814 — o e ~F .
.. | S Efemendes t=UT1 |
&hora | © Aiies P
Date | T | Bodf| [ Posicion Azumida en 1 Calcular I T [m] il e

Available at the Navigational Algorithms web page.

http://www.geocities.com/andresruizgonzalez/
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A4. Source code

/*
FILE: 2RA.cC

Posicidn por 2 Rectas de Altura
This file contains proprietary information of Andrés Ruiz Gonzalez

Andrés Ruiz. San Sebastian - Donostia. Gipuzkoa
Copyright (c) 1998
*/

#include <math._h>
#include "../Nav/angulos.hpp"

void Posicion2LOPSimultaneas( double Lat, double Lon, double pl, double Z1, double p2, double Z2,
double *B, double *L )

{

double x, y; // [nm]

*B = *L = 0;

double a = SIN(Z1);

double b = COS(Z1);

double c = SIN(Z2);

double d = C0S(Z2);

X = (pl*d-p2*b)/(a*d-b*c);

y = (p2*a-pl*c)/(a*d-b*c);

*B = Lat + y/60.0;

*L = Lon + x/60.0/COS(*B);

if (*L > +180.0 ) *L -= 360.0;

if ( *L < -180.0 ) *L += 360.0;
}

void Posicion2LOPNoSimultaneas ( double Lat, double Lon, double pl, double Z1, double p2, double Z2,
double R, double D,
double *B, double *L )

{

}

Posicion2LOP( Lat, Lon, pl+D*COS(R-Z1), Z1, p2, Z2, B, L );
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