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Introduction

Since the precise shape of the Earth was recognized in the 18" century to be an
Ellipsoid of revolution (not a perfect sphere), classical geodetic positioning has
been done using measurements on the surface of the earth that were ideally reduced
to the ellipsoid for additional analysis.

In geodetic surveying, the computation of the geodetic coordinates of points is
performed on an ellipsoid which closely approximates the size and shape of the
earth in the area of the survey. Thus, the Ellipsoid is a mathematieally, defined
regular surface with specific dimensions.

It is therefore important to understand the basic properties of theyellipsoid and
curves on its surface that is pertinent to geodetic computations.
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Ellipsoid or an oblate spheroid is a surface of revolution obtained by rotating an ellipse 360°
about its minor axis (b). The major axis (a) of an ellipse is the equatorial radius. The minor axis
(b) is from the poles to the center. It is represent the mathematical models of the Earth's shape.

Earth is Flattened Because of Rotational Forces

Sir Isaac Newton proposed that the Earth flattens at the poles because of rotational
forces. As the Earth spins on its axis, the centrifugal force causes the Earth to bulge
out at the equator. This is why the Earth is better modeled as an ellipsoid, which is
a sphere slightly flattened at the poles.
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A sphere is based on a circle, while a spheroid (or ellipsoid) is based on an
ellipse. A spheroid, or ellipsoid, is a sphere flattened at the poles.

The shape of an ellipse is defined by two radii. The longer radius is called
the semi-major axis, and the shorter radius is called the semi-minor axis.

The semi-major axis, or equatorial radius, is half the major axis. The semi-
minor axis, or polar radius, is half the minor axis.

Rotating the ellipse around the semi-minor axis creates a spheroid. A
spheroid is also known as an oblate ellipsoid of revolution. The following
graphic shows the semi-major and semi-minor axes of a spheroid.

The semi-major axis is in the equatorial plane, o e

while the semi-minor axis is perpendicular to ] m""‘“

the equatorial plane. P L [ —.
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A spheroid is defined by the semi-major axis, a, and the semi-minor axis, b,
or by (a) and the flattening. The flattening is the difference in length between

the two axes expressed as a fraction or a decimal. The flattening, f, is derived

f=(a-b)/ a

The flattening is a small value, so usually the quantity 1/f is used instead.
These are the spheroid parameters for the World Geodetic System of 1984
(WGS 1984 or WGS84):

a 6378137.0 meters
b 6356752.31424 meters
1/F%="298.257223563

The flattening ranges from 0 to 1. A flattening value of 0 means the two axes are
equal, resulting in a sphere. The flattening of the earth is approximately 0.003353.
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What is Geodesy

The classical definition “The science concerned with determining the size
and shape of the Earth” or “The science that locates positions on the Earth

and determines the Earth’s gravity field”.
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As, a Geodesy involves the theory and measurement of the size, shape and
gravity field of the Earth. Modern geodesy is also concerned with, témporal
(time) variations in these quantities, notably throughy, centemporary
observations of geodynamic phenomena such as plate tectonics. Therefore,
Geodesy is a branch of applied mathematics that forms the,scientific basis of

all positioning and mapping.
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Geodesy 1is the scientific disciplineythat deals with the measurement and

representation of the FEarthy, itswgravitational field and geodynamic

phenomena (polar motien, Earth, tides and crustal motion) in three-

dimensional time varying space.
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Geodesy Definition:

Geodesy 1s the “sciences of accurately measuring and understanding Earth's
geometric shape,.orientation in space and gravitational field. The field also
incorperates studies of how these properties change over time. It can be considered
as“a branchvof applied mathematics. The Geodynamical phenomena in geodesy
include crustal motion, tides and polar motion, which can be studied by designing
global and national control networks, applying space and terrestrial techniques and
relying on datums and coordinate systems.
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Geodesy subdivided into:

Geodesy is usually subdivided into geometrical geodesy, geophysical geodesy,
physical geodesy, and satellite geodesy, although additional subdivisions are
recognized as well.

1. Geometrical geodesy is concerned with describing locations in terms of
geometry. Consequently, coordinate systems are one of the primary products
of geometrical geodesy.

2. Geophysical Geodesy: geodetic techniques are used to studysgeodynamic
processes, such as plate tectonic motions, postglacial rebound (newcalled
glacial isostatic adjustment) or variations in Earth rotation and,orientation.

3. Physical geodesy is concerned with determining the Earth’s ‘gravity field,
which is necessary for establishing heights.

4. Satellite geodesy is concerned with using erbiting satellites to obtain data
for geodetic purposes.
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Geodesy Objectives and Applications:
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1: Reference Frames
a. Establishment, maintenance and improvement of geodetic reference frames
b. Advanced'terrestrial and space observation technique development
c. International collaboration for the definition and deployment of networks of terrestrially-
based space-geodeétic observatories.
La_gal) il Uy
A saad) Agma all SRV g s Dlpean 5 oL |
deiiall Aliadll g daa )Y 48] yall il gt
Laa )Y A gual) Ailiadl) sual jall ClSed g iy pail ) o slall =

2: Gravity Field
a. Terrestrial, marine, and airborne gravity measurements (gravimetry)
b. Satellite-based gravity field observations
c. Global and regional gravity field modelling
d. Time-variable gravity field observation
e. Geoid and quasi-geoid determination
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3: Earth Rotation and Geodynamics
a. Earth orientation (Earth rotation, polar motion, nutation and precession)
b. Earth tides
c. Tectonics and crustal deformation
d. Sea surface topography and sea-level change
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4: Positioning and Applications
a. Terrestrial- and satellite-based positioning systems development
b. Navigation and guidance of platforms
c. Applications of geodetic positioning using 3D geodetic networks (passive and active),
including monitoring of deformatiens
d. Applications of geodesy to engineering applications
e. Atmospheric investigations usingispacesgeodetic techniques.
Cilglail) g aB) gall apaa3 ;
Lclicall Sl o sadinal) s daa V1 a8 gall dpan dalail jyohat |
Claaidl a5 5 Aadl
) a1 AEDE L san CISE aladinly A sl a8l sal) yand ks >
Luigh Cliplaill o L gal) Gliglas
o o) s Loall L il Ay sall CileLainy) s

Gl o A8 ye Ay b Lay ¢ (Aadig

Geodeticaneasurement techniques

Traditionallyj, geodetic measurements over large areas involved ground-based
measutements of triangulation, distance measurement and differential levelling.
Triangulation involves the measurement of angles and directions, originally by
theodolite, but now by electronic total station.

Trilateration by Electronic distance measurement (EDM) provides scale and
involves timing the travel of an electromagnetic signal to and from a reflector.
Differential precise levelling involves measuring the height difference between
two graduated stations.

All instruments must be properly calibrated against agreed international standards.
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