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Lecture(4)

2.8 Look Angle Determination 



- Navigation Precision Improvement:
• Introduction of latitude and longitude grid lines significantly enhanced 

the accuracy of navigation across the Earth's oceans.

- Definition of Latitude and Longitude:

• Latitude, measured in degrees, indicates the angular distance north or 
south from the equator, facilitating vertical positioning.

• Longitude, also measured in degrees, denotes the angular distance east 
or west from a specified longitudinal line, enabling horizontal positioning.

- Historical Context:
• England and France, as major seafaring powers, competed for maritime 

dominance during the period when the latitude and longitude grid 
system gained popularity.

• England, opting for Greenwich as the zero-reference longitude, and 
France, selecting Paris, reflected their respective geopolitical influences.

• The strategic decision by the British Admiralty to distribute maps for free 
contrasted with the French practice of charging for theirs, contributing to 
Greenwich's rapid adoption as the dominant reference point.



- Influence of Geometry:
• 90° per quadrant on the map. (a quadrant refers to one-fourth of the Earth's surface, 

divided by the equator and prime meridian (or Greenwich Meridian)).
- Measurement Units:

• 360° of longitude measured from the Greenwich Meridian.
• ±90° of latitude (North Pole and South Pole).

- Role of GEO Satellite Systems:

• GEO satellite systems, registered in Geneva, specify their subsatellite locations in 
degrees east from the Greenwich Meridian, mitigating confusion. (subsatellite 
locations : the location of satellites over the equator, measured in degrees east from 
the Greenwich Meridian.)

- Earth Stations and Coordinates:

• Earth stations communicate with satellites using pointing coordinates derived from 
their geographic latitude and longitude, ensuring accurate tracking of satellite 
motion relative to their positions on Earth.



(Source: M.Richaria, Satellite Communication Systems, Fig.2.9)

• Latitude: Angular 
distance, measured in 
degrees, north or south of 
the equator.

L from -90 to +90 (or 
from 90S to 90N)

• Longitude: Angular 
distance, measured in 
degrees, from a given 
reference longitudinal line 
(Greenwich, London).

l from 0 to 360E (or 
180W to 180E)



- Look Angles:
• Coordinates for earth station antenna alignment with a satellite for 

communication purposes.

- Commonly Used Angles:
• Most commonly expressed as azimuth (Az) and elevation (El).
• Other pairs like right ascension and declination exist, particularly for 

radio astronomy antennas.

• Azimuth (Az):
• Measured eastward (clockwise) from geographic north to the 

projection of the satellite path on a locally horizontal plane at the 
earth station.

• Elevation (El) :
• Angle measured upward from the local horizontal plane at the earth 

station to the satellite path.

• Importance of Satellite Location:
• Precise satellite location crucial for determining accurate look angles.

• Subsatellite Point:
• Key location for many instances in determining satellite position 

relative to the Earth's surface.



• Azimuth: Measured 
eastward (clockwise) 
from geographic north 
to the projection of the 
satellite path on a 
(locally) horizontal 
plane at the earth 
station.

• Elevation Angle: 
Measured upward 
from the local 
horizontal plane at the 
earth station to the 
satellite path.





Elevation Angle Calculation (2.8.2):

Figure 2.12 illustrates the geometry involved in calculating the elevation angle.

• Three vectors are involved: 
(1) rs (from the center of the Earth to the satellite), 
(2) re (from the center of the Earth to the earth station), 
(3) d (from the earth station to the satellite). These vectors form a triangle in the same 

plane.

• The central angle γ between re and rs represents the angle between the earth station 
and the satellite, while ψ is the angle measured from re to d within the triangle.

• γ is non-negative and related to the earth station's north latitude Le (number of 
degrees north from the equator) and west longitude le (number of degrees west).

• SUB-SATELLITE POINT
– Latitude Ls          

– Longitude ls

• EARTH STATION LOCATION
– Latitude Le

– Longitude le

• Calculate , ANGLE AT EARTH CENTER

Between the line that connects the earth-center to the satellite and the line from the earth-center to the earth station.



El =   - 90o

 = central angle

rs = radius to the satellite

re = radius of the earth

Geometry for Elevation Calculation
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Slant path geometry

• Review of spherical trigonometry
– Law of Sines

– Law of Cosines for angles

– Law of Cosines for sides
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• Review of plane trigonometry
– Law of Sines

– Law of Cosines

– Law of Tangents
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Example : GEOSTATIONARY SATELLITES

• SUB-SATELLITE POINT
(Equatorial plane, Latitude Ls = 0o     
       Longitude ls)

• EARTH STATION LOCATION
  Latitude Le

  Longitude le

We will concentrate on the GEOSTATIONARY CASE
This will allow some simplifications in the formulas



18

THE CENTRAL ANGLE  - GEO

The original calculation previously shown:

cos () = cos(Le) cos(Ls) cos(ls – le)  +  sin(Le) sin(Ls)

Simplifies using Ls = 0o since the satellite is over 
the equator:

cos () = cos(Le) cos(ls – le)   
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ELEVATION CALCULATION – GEO 1

Using rs = 42,164 km and re = 6,378.14 km gives

d = 42,164 [1.0228826 - 0.3025396 cos()]1/2 km

( )
( )

( )  2/1
cos3025396.00228826.1

sin
cos





−
=El

NOTE: These are slightly different numbers than those given in equations 
(2.67) and (2.68), respectively, due to the more precise values used for rs 
and re
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EXAMPLE OF A GEO LOOK ANGLE ALCULATION (1)

FIND the Elevation and Azimuth Look Angles for the 
following case:

Earth Station Latitude 52o N

Earth Station Longitude   0o 

Satellite Latitude    0o

Satellite Longitude  66o E

London, England 
Dockland region

Geostationary   INTELSAT IOR 
Primary
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Step 1.  Find the central angle 

  cos() = cos(Le) cos(ls-le) = cos(52) cos(66) = 0.2504
 
  yielding        = 75.4981o

Step 2.  Find the elevation angle El
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EXAMPLE OF A GEO LOOK ANGLE ALCULATION (2)

El = tan-1[ (0.2504 – (6378.14 / 42164)) / sin (75.4981) ]
      = 5.85o
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Step 3.  Find the intermediate angle,  
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sin

tan
tan 1

= tan-1 [ (tan (66 - 0)) / sin (52) ]

= 70.6668

The earth station is in the Northern hemisphere and the satellite is to the South East of 
the earth station.  This gives

   Az = 180o -  
        = 180 – 70.6668 = 109.333o (clockwise from true North)

ANSWER:  The look-angles to the satellite are

 Elevation Angle = 5.85o

 Azimuth Angle  = 109.33o

EXAMPLE OF A GEO LOOK ANGLE ALCULATION (3)
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