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Abstract

The present work aims the study of the uncertainties of
functions that determine the solar azimuth and solar
height, having the purpose the construction of a
geophysical device for the automatic determination of the
true North based on astronomical parameters.

Introduction

The determination of True North has great importance for
several areas of knowledge, such as: geomagnetism,
applied geophysics, cartography and navigation.

In geophysics context, it is of particular importance to
determine the magnetic declination, a parameter directly
related to the study of geomagnetic secular variation. The
magnetic declination varies point to point on the surface
of the Earth and varies over time at different rates at
different locations. All these characteristics contribute to
complexity of determining the magnetic declination, which
requires the true north to be determined with a well-
established methodology.

This study is the first stage of development of a device,
that will automatically estimate the true north direction
based on local time, geographical coordinates and the
solar apparent position. Therefore, it is necessary to
evaluate the astronomical problem, examining the
uncertainties in the function to calculate the solar azimuth
and the height of the sun.

The study of errors in the astronomical equations was
done through of computational simulations, creating a
data set of 200 synthetic variations for different scenarios,
analyzing the uncertainties propagation that the variables
generate in the result, individually and combined.

Method

For the calculation of true North, we will base on the study
of position astronomy, specifically on apparent motion of
the Sun. Thus, we will use a coordinate system called the

Local Horizontal System to describe the position of the
Sun.

This is a fixed reference system on Earth, in which the
observer (O) occupies its center (see figure 1).

In this reference system, the position of the star is
determined by two coordinates, the height (h) and the
azimuth (A), the observer stays at point O, the points N,
S, L, and W correspond to North, South, East and West,
respectively.

The height (h) corresponds to the angle measured in the
vertical plane between the horizontal direction and the
direction in which the star is seen by the observer. The
height varies in range: -90° < h < 90°, being agreed that h
is positive above horizon, when the star is visible, and
negative below horizon, when the star is not visible.

The azimuth (A) is the angle measured in the horizontal
plane, clockwise, between the north direction and the
vertical half-plane that contains the star, the azimuth
varies in the interval: 0 < A <360°.

Figure 1 - Local Horizontal System: (h)-height; (A)-azimuth; (E)-
star; (O) - observer, (N, S, L, W) - north, south, east, west.

The simplest way to determine True North is to observe
the vertical stem shade perched on a horizontal plane for
an entire day. At the instant the shadow is smaller, i.e. the
Sun is at its maximum height, and the line segment that
connects the end of the shadow with the base of the stem
will be in the True North's direction. (Boczko, Roberto,
1988. Concepts of Astronomy).

However, we intend to determine the True North
observing the Sun at a single instant of the day, a
procedure simpler from observational point of view than
observing the Sun during all day. On the other hand, it
involves relatively complex mathematical calculations and
much accuracy in determination of the Sun's coordinates
and the moment of observation.



A computer program was implemented to provide the
Sun's Height and Azimuth as Latitude, Longitude and
Local Time Zone functions.

A = f1(Lat, Long, UTC)
h =f2 (Lat, Long, UTC)

Through these two functions was possible to determine
the direction of the True North, as shown in figure 1.

The first step was to study the propagation of errors in the
calculation of the azimuth and the height of the sun using
a statistical method based on computational simulations
with noise contaminated parameters, which resulted in
histograms of 200 data sets where it is possible to
evaluate the errors propagated through the functions.

The study was done in two different hours: 6h and 12h, to
verify the different errors at different times. We
contaminate the measurements with Gaussian errors,
where for latitude and longitude were used a variation
0f100 meters and for the time, 20 seconds. These errors
are highly conservative, as they're far greater that an
ordinary GPS can provide.

Results

To visualize the simulations results, histograms were
made to show how azimuth and height errors are
distributed when we contaminate Latitude, Longitude, and
Timel (6hrs) and Time2 (12hrs). The data presented are:
the expected azimuth and height, the simulated mean and
standard deviation of the simulation.

To these simulations we used the latitude of -22.90° and
the longitude of -43.21°, referring to the locality of the
Observatério Nacional, in the city of Rio de Janeiro.

Tablel- Error results table for the simulation of the
azimuth calculation
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Figure 2 — Histogram of azimuth values related to contamination
of all variables

Table 2- Error results table for the simulation of the height

calculation
Expected Mean of the Standard
height simulation deviation
Contaminated 2.74° 2.74° 3.91x10°
latitude
Contaminated 2.74° 2.74° 8.58°x 10*
longitude
Conta}mlnated 2740 2750 7.749 x 1072
Timel
Contaminated | g 590y 101 | 6.59°x 101 | 1.24°% 102
Time2
Contaminated
all the 2.74° 2.75° 7.72°x 102
variables

Expected Mean of the Standard
azimuth simulation deviation
Contaminated 8.77° x 10 8.77° x 101 | 4.66° x 10°
latitude
Contaminated | g 270, 901 | g77°x10t | 3.65° x 10
longitude
Contaminated 8.77° x 10 8.77° x 101 | 3.28° x 102
Timel
Contaminated 352°x10° | 352°x102 | 2.24°x 107
Time2
Contaminated 877°x 10t | 877°x10t | 3.27°x 102
all the variables
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Figure 3 — Histogram of height values related to contamination of
all variables

Conclusions

Observing the propagated errors of the azimuth and the
height we see that the results are satisfactory and are
distributed in Gaussian form, as the input data. The
function errors are minimal, especially considering the
exaggerated errors that were applied in the simulation.




These results shows that the only limiting factor to use
astronomical functions and GPS data to estimate
automatically the True North is the solar azimuth
determination, a process depending on electronic sensors
and optical arrangements.

Next steps

A special hardware to implement the functions here
evaluated is under development. This device will embed,
beside the astronomical functions, a GPS antenna and
will be used to estimate the True North semi automatically
in real time in the field.
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