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Introduction
Since the precise shape of the Earth was recognized in the 18th 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 mathematically defined
regular surface with specific dimensions.
It is therefore important to understand the basic properties of the ellipsoid and
curves on its surface that is pertinent to geodetic computations.
ً ﻣﻨﺬ أن ﺗﻢ اﻟﺘﻌﺮف ﻋﻠﻰ اﻟﺸﻜﻞ اﻟﺪﻗﯿﻖ ﻟﻸرض ﻓﻲ اﻟﻘﺮن اﻟﺜﺎﻣﻦ ﻋﺸﺮ ﻟﯿﻜﻮن
 ﺗﻢ، ( )ﻟﯿﺲ ﻛﺮة ﻣﺜﺎﻟﯿﺔEllipsoid ﺷﻜﻼ ﻣﻔﻠﻄﺢ
ﺗﺤﺪﯾﺪ اﻟﻤﻮاﻗﻊ اﻟﺠﯿﻮدﯾﺴﯿﺔ اﻟﻜﻼﺳﯿﻜﯿﺔ ﺑﺎﺳﺘﺨﺪام ﻗﯿﺎﺳﺎت ﻋﻠﻰ ﺳﻄﺢ اﻷرض ﺗﻢ اﺧﺘﺰاﻟﮭﺎ ﺑﺸﻜﻞ ﻣﺜﺎﻟﻲ إﻟﻰ اﻟﻘﻄﻊ اﻟﻨﺎﻗﺺ ﻟﺘﺤﻠﯿﻞ
. ھﻮ ﺳﻄﺢ ﻣﻨﺘﻈﻢ ﻣﺤﺪد رﯾﺎﺿﯿﺎ ً ﺑﺄﺑﻌﺎد ﻣﺤﺪدةEllipsoid  ﻓﺈن اﻟﻤﻔﻠﻄﺢ،  وﺑﺎﻟﺘﺎﻟﻲ.إﺿﺎﻓﻲ
 اﻟﺬي ﯾﻘﺎرب ﺗﻘﺮﯾﺒًﺎ ﺣﺠﻢ وﺷﻜﻞEllipsoid  ﯾﺘﻢ ﺣﺴﺎب اﻹﺣﺪاﺛﯿﺎت اﻟﺠﯿﻮدﯾﺴﯿﺔ ﻟﻠﻨﻘﺎط ﻋﻠﻰ اﻟﻤﻔﻠﻄﺢ، ﻓﻲ اﻟﻤﺴﺢ اﻟﺠﯿﻮدﯾﺴﻲ
.اﻷرض ﻓﻲ ﻣﻨﻄﻘﺔ اﻟﻤﺴﺢ
. واﻟﻣﻧﺣﻧﯾﺎت ﻋﻠﻰ ﺳطﺣﮫ ذات اﻟﺻﻠﺔ ﺑﺎﻟﺣﺳﺎﺑﺎت اﻟﺟﯾودﯾﺳﯾﺔEllipsoidﻟذﻟك ﻣن اﻟﻣﮭم ﻓﮭم اﻟﺧﺻﺎﺋص اﻷﺳﺎﺳﯾﺔ ل

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.
Dr. Hussein Alwan Mahdi
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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 semiminor 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,
while the semi-minor axis is perpendicular to
the equatorial plane.

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

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”.
اﻟﺘﻌﺮﯾ ﻒ اﻟﻜﻼﺳ ﯿﻜﻲ "اﻟﻌﻠ ﻢ اﻟﻤﻌﻨ ﻲ ﺑﺘﺤﺪﯾ ﺪ ﺣﺠ ﻢ وﺷ ﻜﻞ اﻷرض" أو "اﻟﻌﻠ ﻢ اﻟ ﺬي ﯾﺤ ﺪد ﻣﻮاﻗ ﻊ ﻋﻠ ﻰ اﻷرض وﯾﺤ ﺪد
.ﻣﺠﺎل ﺟﺎذﺑﯿﺔ اﻷرض

- As, a Geodesy involves the theory and measurement of the size, shape and
gravity field of the Earth. Modern geodesy is also concerned with temporal
(time) variations in these quantities, notably through contemporary
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.
ﻀﺎ
ً  ﯾﮭﺘﻢ اﻟﺠﯿﻮدﯾﺴﻲ اﻟﺤﺪﯾﺚ أﯾ.ﻛﻤﺎ أن اﻟﺠﯿﻮدﯾﺴﻲ ﯾﺘﻀﻤﻦ اﻻﺳﺎس اﻟﻨﻈﺮي واﻟﻘﯿﺎس ﻟﺤﺠﻢ اﻷرض وﺷﻜﻠﮭﺎ وﺟﺎذﺑﯿﺘﮭﺎ
 ﻻ ﺳ ﯿﻤﺎ ﻣ ﻦ ﺧ ﻼل اﻟﻤﻼﺣﻈ ﺎت اﻟﻤﻌﺎﺻ ﺮة ﻟﻠﻈ ﻮاھﺮ اﻟﺠﯿﻮدﯾﻨﺎﻣﯿﻜﯿ ﺔ، ﺑﺎﻻﺧﺘﻼﻓﺎت اﻟﺰﻣﻨﯿﺔ )اﻟﺰﻣﻨﯿﺔ( ﻓﻲ ھﺬه اﻟﻜﻤﯿﺎت
 اﻟﺠﯿﻮدﯾﺴﻲ ھﻮ ﻓﺮع ﻣﻦ اﻟﺮﯾﺎﺿﯿﺎت اﻟﺘﻄﺒﯿﻘﯿﺔ اﻟﺘﻲ ﺗﺸﻜﻞ اﻷﺳﺎس اﻟﻌﻠﻤﻲ ﻟﺠﻤﯿﻊ اﻟﻤﻮاﻗﻊ،  ﻟﺬﻟﻚ.ﻣﺜﻞ ﺗﻜﺘﻮﻧﯿﺔ اﻟﺼﻔﺎﺋﺢ
.ورﺳﻢ اﻟﺨﺮاﺋﻂ

- Geodesy is the scientific discipline that deals with the measurement and
representation of the Earth, its gravitational field and geodynamic
phenomena (polar motion, Earth tides and crustal motion) in threedimensional time varying space.
 اﻟﺟﯾودﯾﺳﻲ ھو اﻟﻧظﺎم اﻟﻌﻠﻣ ﻲ اﻟ ذي ﯾﺗﻌﺎﻣ ل ﻣ ﻊ ﻗﯾ ﺎس وﺗﻣﺛﯾ ل اﻷرض وﻣﺟ ﺎل اﻟﺟﺎذﺑﯾ ﺔ واﻟظ واھر اﻟﺟﯾودﯾﻧﺎﻣﯾﻛﯾ ﺔ.)اﻟﺣرﻛﺔ اﻟﻘطﺑﯾﺔ واﻟﻣد واﻟﺟزر واﻟﺣرﻛﺔ اﻟﻘﺷرﯾﺔ( ﻓﻲ اﻟﻔﺿﺎء اﻟﻣﺗﻐﯾر ﺛﻼﺛﻲ اﻷﺑﻌﺎد

Geodesy Definition:
Geodesy is the science of accurately measuring and understanding Earth's
geometric shape, orientation in space and gravitational field. The field also
incorporates studies of how these properties change over time. It can be considered
as a branch of 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.
 ﯾﺘﻀﻤﻦ اﻟﻤﺠﺎل.اﻟﺠﯿﻮدﯾﺴﻲ ھﻮ ﻋﻠﻢ اﻟﻘﯿﺎس واﻟﻔﮭﻢ اﻟﺪﻗﯿﻖ ﻟﻠﺸﻜﻞ اﻟﮭﻨﺪﺳﻲ ﻟﻸرض واﺗﺠﺎھﮭﺎ ﻓﻲ اﻟﻔﻀﺎء وﻣﺠﺎل اﻟﺠﺎذﺑﯿﺔ
.ﻋﺎ ﻣﻦ اﻟﺮﯾﺎﺿﯿﺎت اﻟﺘﻄﺒﯿﻘﯿﺔ
ً  ﺣﯿﺚ ﯾﻤﻜﻦ اﻋﺘﺒﺎره ﻓﺮ.ﻀﺎ دراﺳﺎت ﺣﻮل ﻛﯿﻔﯿﺔ ﺗﻐﯿﺮ ھﺬه اﻟﺨﺼﺎﺋﺺ ﺑﻤﺮور اﻟﻮﻗﺖ
ً أﯾ
 واﻟﺘﻲ ﯾﻤﻜﻦ دراﺳﺘﮭﺎ، ان اﻟﻈﻮاھﺮ اﻟﺠﯿﻮدﯾﻨﺎﻣﯿﻜﯿﺔ ﻓﻲ اﻟﺠﯿﻮدﯾﺴﻲ ﺗﺸﻤﻞ اﻟﺤﺮﻛﺔ اﻟﻘﺸﺮﯾﺔ واﻟﻤﺪ واﻟﺠﺰر واﻟﺤﺮﻛﺔ اﻟﻘﻄﺒﯿﺔ
 واﻻﻋﺘﻤﺎد ﻋﻠﻰ أﻧﻈﻤﺔ ﻣﺮﺟﻌﯿﺔ،  وﺗﻄﺒﯿﻖ ﺗﻘﻨﯿﺎت اﻟﻔﻀﺎء واﻷرض، ﻣﻦ ﺧﻼل ﺗﺼﻤﯿﻢ ﺷﺒﻜﺎت اﻟﺘﺤﻜﻢ اﻟﻌﺎﻟﻤﯿﺔ واﻟﻮطﻨﯿﺔ
.واﺣﺪاﺛﯿﺎت
Dr. Hussein Alwan Mahdi
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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 study geodynamic
processes, such as plate tectonic motions, postglacial rebound (now called
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 orbiting satellites to obtain data
for geodetic purposes.
 ﺗﻌد أﻧظﻣﺔ اﻹﺣداﺛﯾﺎت أﺣد اﻟﻣﻧﺗﺟﺎت اﻷﺳﺎﺳﯾﺔ،  وﺑﺎﻟﺗﺎﻟﻲ. ﯾﺧﺗص اﻟﺟﯾودﯾﺳﻲ اﻟﮭﻧدﺳﻲ ﺑوﺻف اﻟﻣواﻗﻊ ﻣن ﺣﯾث اﻟﮭﻧدﺳﺔ.1
.ﻟﻠﺟﯾودﯾﺳﻲ اﻟﮭﻧدﺳﻲ
 ﻣﺛل ﺣرﻛﺎت اﻟﺻﻔﺎﺋﺢ اﻟﺗﻛﺗوﻧﯾﺔ،  ﯾﺳﺗﺧدم اﻟﺗﻘﻧﯾﺎت اﻟﺟﯾودﯾﺳﯾﺔ ﻟدراﺳﺔ اﻟﻌﻣﻠﯾﺎت اﻟﺟﯾودﯾﻧﺎﻣﯾﻛﯾﺔ: اﻟﺟﯾودﯾﺳﻲ اﻟﺟﯾوﻓﯾزﯾﺎﺋﻲ.2
 أو اﻻرﺗداد ﻣﺎ ﺑﻌد اﻟﺟﻠﯾدي )اﻟذي ﯾُطﻠﻖ ﻋﻠﯾﮫ اﻵن اﻟﺿﺑط اﻟﻣﺗﺳﺎوي اﻟﺟﻠﯾدي( أو اﻻﺧﺗﻼﻓﺎت ﻓﻲ دوران اﻷرض،
.واﺗﺟﺎھﮭﺎ
. وھو أﻣر ﺿروري ﻟﺗﺣدﯾد اﻻرﺗﻔﺎﻋﺎت،  ﯾﺗﻌﻠﻖ اﻟﺟﯾودﯾﺳﻲ اﻟﻔﯾزﯾﺎﺋﻲ ﺑﺗﺣدﯾد ﻣﺟﺎل ﺟﺎذﺑﯾﺔ اﻷرض.3
. ﯾﺗﻌﻠﻖ ﺟﯾودﯾﺳﻲ اﻻﻗﻣﺎر اﻟﺻﻧﺎﻋﯾﺔ ﺑﺎﺳﺗﺧدام اﻻﻗﻣﺎر اﻟﺻﻧﺎﻋﯾﺔ اﻟﻣدارﯾﺔ ﻟﻠﺣﺻول ﻋﻠﻰ ﺑﯾﺎﻧﺎت ﻷﻏراض ﺟﯾودﯾﺳﯾﺔ-4

Geodesy Objectives and Applications:
:أھداف وﺗطﺑﯾﻘﺎت اﻟﺟﯾودﯾﺳﻲ

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 terrestriallybased space-geodetic observatories.
اﻹطﺎرات اﻟﻣرﺟﻌﯾﺔ
 إﻧﺷﺎء وﺻﯾﺎﻧﺔ وﺗﺣﺳﯾن اﻷطر اﻟﻣرﺟﻌﯾﺔ اﻟﺟﯾودﯾﺳﯾﺔ.أ
 ﺗطوﯾر ﺗﻘﻧﯾﺎت اﻟﻣراﻗﺑﺔ اﻷرﺿﯾﺔ واﻟﻔﺿﺎﺋﯾﺔ اﻟﻣﺗﻘدﻣﺔ.ب
 اﻟﺗﻌﺎون اﻟدوﻟﻲ ﻟﺗﻌرﯾف وﻧﺷر ﺷﺑﻛﺎت اﻟﻣراﺻد اﻟﻔﺿﺎﺋﯾﺔ اﻟﺟﯾودﯾﺳﯾﺔ اﻷرﺿﯾﺔ.ج

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
Dr. Hussein Alwan Mahdi
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ﻣﺟﺎل اﻟﺟﺎذﺑﯾﺔ
( ﻗﯾﺎﺳﺎت اﻟﺟﺎذﺑﯾﺔ اﻷرﺿﯾﺔ واﻟﺑﺣرﯾﺔ واﻟﺟوﯾﺔ )ﻗﯾﺎس اﻟﺟﺎذﺑﯾﺔ.أ
 ارﺻﺎدات ﻣﺟﺎل اﻟﺟﺎذﺑﯾﺔ ﺑﺎﻻﻋﺗﻣﺎد ﻋﻠﻰ اﻻﻗﻣﺎر اﻟﺻﻧﺎﻋﯾﺔ.ب
 ﻧﻣذﺟﺔ ﻣﺟﺎل اﻟﺟﺎذﺑﯾﺔ اﻟﻌﺎﻟﻣﯾﺔ واﻹﻗﻠﯾﻣﯾﺔ.ج
 ﻣراﻗﺑﺔ ﻣﺟﺎل اﻟﺟﺎذﺑﯾﺔ اﻟﻣﺗﻐﯾرة ﺑﻣرور اﻟوﻗت.د
 ﺗﺣدﯾد اﻟﺟﯾوﯾد وﺷﺑﮫ اﻟﺟﯾوﯾد.ه

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
دوران اﻷرض واﻟدﯾﻧﺎﻣﯾﻛﺎ اﻷرﺿﯾﺔ
(…..،  اﻟﺣرﻛﺔ اﻟﻘطﺑﯾﺔ،  اﺗﺟﺎه اﻷرض )دوران اﻷرض.أ
 اﻟﻣد واﻟﺟزر.ب
 اﻟﺗﻛﺗوﻧﯾﺎت وﺗﺷوه اﻟﻘﺷرة.ج
 ﺗﺿﺎرﯾس ﺳطﺢ اﻟﺑﺣر وﺗﻐﯾر ﻣﺳﺗوى ﺳطﺢ اﻟﺑﺣر.د

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 deformations
d. Applications of geodesy to engineering applications
e. Atmospheric investigations using space-geodetic techniques.
 ﺗﺣدﯾد اﻟﻣواﻗﻊ واﻟﺗطﺑﯾﻘﺎت:
 ﺗطوﯾر أﻧظﻣﺔ ﺗﺣدﯾد اﻟﻣواﻗﻊ اﻷرﺿﯾﺔ واﻟﻣﻌﺗﻣدة ﻋﻠﻰ اﻻﻗﻣﺎر اﻟﺻﻧﺎﻋﯾﺔ.أ
 اﻟﻣﻼﺣﺔ وﺗوﺟﯾﮫ اﻟﻣﻧﺻﺎت.ب
 ﺑﻣﺎ ﻓﻲ ذﻟك ﻣراﻗﺑﺔ اﻟﺗﺷوھﺎت، (… وﻧﺷطﺔ..)  ﺗطﺑﯾﻘﺎت ﺗﺣدﯾد اﻟﻣواﻗﻊ اﻟﺟﯾودﯾﺳﯾﺔ ﺑﺎﺳﺗﺧدام ﺷﺑﻛﺎت ﺟﯾودﯾﺳﯾﺔ ﺛﻼﺛﯾﺔ اﻷﺑﻌﺎد.ج
 ﺗطﺑﯾﻘﺎت اﻟﺟﯾودﯾﺳﯾﺎ ﻋﻠﻰ اﻟﺗطﺑﯾﻘﺎت اﻟﮭﻧدﺳﯾﺔ.د
. اﻻﺳﺗﻘﺻﺎءات اﻟﺟوﯾﺔ ﺑﺎﺳﺗﺧدام ﺗﻘﻧﯾﺎت اﻟﻔﺿﺎء اﻟﺟﯾودﯾﺳﻲ.ه

Geodetic measurement techniques
Traditionally, geodetic measurements over large areas involved ground-based
measurements 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.
Dr. Hussein Alwan Mahdi
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ﺗﻘﻧﯾﺎت اﻟﻘﯾﺎﺳﺎت اﻟﺟﯾودﯾﺳﯾﺔ
ﺗﻘﻠﯾدﯾﺎ  ،ﺗﺿﻣﻧت اﻟﻘﯾﺎﺳﺎت اﻟﺟﯾودﯾﺳﯾﺔ ﻋﻠﻰ ﻣﺳﺎﺣﺎت واﺳﻌﺔ ﻗﯾﺎﺳﺎت أرﺿﯾﺔ ﻟﻠﺗﺛﻠﯾث وﻗﯾﺎس اﻟﻣﺳﺎﻓﺔ واﻟﺗﺳوﯾﺔ اﻟﺗﻔﺎﺿﻠﯾﺔ.
ﯾﺗﺿﻣن اﻟﺗﺛﻠﯾث اﻟزاوي ﻗﯾﺎس اﻟزواﯾﺎ واﻻﺗﺟﺎھﺎت  ،ﻛﺎﻧت ﻓﻲ اﻷﺻل ﺗﻘﺎس ﺑﺎﻟﺛﯾودوﻻﯾت  ،وﻟﻛن اﻵن ﻣن ﺧﻼل ﺟﮭﺎز اﻟﻣﺣطﺎت
اﻟﻣﺗﻛﺎﻣﻠﺔ اﻹﻟﻛﺗروﻧﻲ.
ﺳﺎ وﯾﺗﺿﻣن ﺗوﻗﯾت اﻧﺗﻘﺎل اﻹﺷﺎرة اﻟﻛﮭروﻣﻐﻧﺎطﯾﺳﯾﺔ ﻣن
ﻣﻘﯾﺎ
)(EDM
اﻹﻟﻛﺗروﻧﯾﺔ
اﻟﻣﺳﺎﻓﺔ
ﻗﯾﺎس
طرﯾﻖ
ﻋن
ﯾوﻓر اﻟﺗﺛﻠﯾث اﻟﺑﻌدي
ً
اﻟﻌﺎﻛس وإﻟﯾﮫ.
ﯾﺗﺿﻣن اﺳﺗﺧدام اﻟﺗﺳوﯾﺔ اﻟﺗﻔﺎﺿﻠﯾﺔ اﻟدﻗﯾﻘﺔ ﻗﯾﺎس ﻓرق اﻻرﺗﻔﺎع ﺑﯾن ﻣﺣطﺗﯾن ﻣﺗدرﺟﺗﯾن.
ﯾﺟب ﻣﻌﺎﯾرة ﺟﻣﯾﻊ اﻷدوات ﺑﺷﻛل ﺻﺣﯾﺢ وﻓﻘًﺎ ﻟﻠﻣﻌﺎﯾﯾر اﻟدوﻟﯾﺔ اﻟﻣﺗﻔﻖ ﻋﻠﯾﮭﺎ.
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