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ABSTRACT

It is known facts that satellites are used to receive the signal at geostationary orbit by remaining stationary
above a particular point on the Earth. The orbit that is chosen for a satellite depends upon its application.
Those used for direct broadcast television use geostationary orbit. Many communication satellites similarly
use geostationary orhit. Other satellite systems used for satellite phones use Low Earth orbiting systems.
Smilarly, satellite systems used for navigation like Nav-star or Global Positioning (GPS) system occupy a
relatively Low Earth Orbit. There are also many other types of satellites : Weather satellites Research satellites
and many others. Each will have its own type of orbit depending upon its application.

The actual satellite orbit that is chosen will depend on factors including its function, and the area of serving.
At some instances, the satellite orbit may be aslow as 100 miles (160 km) for a Low Earth Orbit (LEO), whereas
others may be over 22 000 miles (36000 km) high as in the case of a Geostationary Orbit (GEO). The satellite

may even has an elliptical rather than a circular orbit.

Keywords : This paper deals with : LEO, GEO, HEO, constellation, apogee, perigee, Relay, Manoeuvres,

Geosynchronous.

1. INTRODUCTION

The typical satellite communication system
comprises of aground segment, space segment and
control segment. Thelink whichtransmitsradiowaves
fromtheground gationtothesatdliteis caled uplink.
Thesatdliteinturntransmitsto theground station by
thedownlink. Thefunction of theground segment (one
or more ground stations) isto receive or transmit the
informationtothesadliteinthemost reliablemanner
whileretaining thedesired signal quality. The space

segment cong stsof oneor moreartificial satellitesas
presented in Fig.1. In case of more satellites, they
areorganizedinanetwork called constellation[ 1].
Congtellation of satdllitesisdonein orbits. Theorbit
isthetrgectory followed by the satellite.

Severa typesof orbitsare possible, each suitable
for aspecific application or mission. Generally, the
orbitsof communication satdllitesaredlipseswithin
theorbita planedefined by spaceorbital parameters.
Orbitswith zero eccentricity arecdled circular orbits.
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Fig.1. Satellite Elements

Thecircularity of theorbit smplifiestheanalysis.
Themovement of thesatellitewithinitscircular orbit
isrepresented by orbital time, radius, altitude and
velocity[2]. Circular orbitsare categorized and are
based on thedtitudeabove Earth’ ssurfaceaspresented
inFHg.2

* GEO (Geosynchronous Earth Orbits)
* MEO (Medium Earth Orbits) and
* LEO(Low EarthOrbits)

Medium Earth Orit (VEOQ)
Low Earh Orit (LEO)

Satellte
Geosynchronous Earh Orbit (GEQ)

Fig. 2. The Satellite Orbits

2. CIRCULAR AND ELLIPTICAL ORBIT
DEFINITIONS

e Circular satdliteorbit: Foracircular orbit,
thedistancefrom the Earth remainsthe same
atal times.

e Elliptical satdlliteorbit: Thedliptica orbit
changesthedistanceto the Earth as presented
inFig. 3.

Circular
oroit

Elliptical
griit

Ellipse focal
Geacentre point

Fig. 3. Circular vsElliptical Orbit

2.1. Circular Satellite Orbit Definitions

Circular orbitsareclassifiedinanumber of ways.
Such asLow Earth Orbit, Geostationary Orbit and
thelikedetail digtinctiveelementsof theorbit[3]. A
summary of circular orbit definitionsisgiveninthe
tablebelow:

Table-1: Summary of Circular Orbits

ORBIT NAME ORBIT ORBIT DETAILS/COMMENTS
INITIALS | ALTITUDE
(KM ABOVE
EARTH'S
SURFACE)
Low Earth Orbit LEO 200 - 1200
Medium Earth MEO 1200 - 35790
Orbit
Geosynchronous GSO 35790 Orbits once a day, but not
Orbit necessarily in the same

direction as the rotation of
the Earth - not necessarily

stationary
Geostationary GEO 35790 Orbits once a day and moves
Orbit in the same direction as the

Earth and therefore appears
stationary above the same
point on the Earth's surface.
Can only be above the
Equator.

High Earth Orbit HEO Above 35790
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2.2. Highly Elliptical Orbit Definitions

Asthenameimplies, anelliptical orbit or asitis
morecommonly known astheHighly Elliptical Orhit,
HEO, followsthe curve of an éllipse. However, one
of the key features of an elliptical orbit isthat the
satdliteinandliptica orbit movesmuch faster when
itiscloseto Earththanwhenitisfurther away.

For any ellipse, there aretwo focal points, and
oneof theseisthegeo-centre of the Earth aspresented
inFig5. Another feature of an eliptical orbit isthat
there aretwo other major points. Oneiswherethe
satelliteisfarthest fromthe Earth. Thispointisknown
astheapogee. Thisiswherethesatellitemovesat its
dowes asthegravitationd pull fromtheearthislower.
Thepoint whereitisclosest tothe Earthisknown as
the perigee - thisiswherethe satellite movesat its
fastest.

Path of
elliptical orhit

Fastest veloci i
o satalite i
atperigee at apogee
Ellipse focal
points

Fig. 4. Highly Elliptical Satellite Orbit, HEO

3. ORBITAL PARAMETERS

Thepath of the satellite’ smotionisan orbit. The
orbitisatrgectory within an orbital planeand shaped
asandlipse, withamaximumextensonfromthe Earth
center at the apogee (r,) and the minimum at the
perigee (rp) aspresentedinFig. 5.
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Fig. 5. Major Parametersof an Elliptical Orbit

Inorder to describethesatdllite smovement within
itsorbit in space, afew parametersarerequired to
be defined. These are known as space orbital
parameters schematically presented in Fig. 6 and
defined under below items 3.1, 3.2, 3.3and 3.4[4].

Satellite
Descending
node

Equatorial

plane Ascending

node

Line of
nodes

Vernal equinox

Fig. 6. Space Orbital Parameters

3.1 The Position of The Orbital Plane in Space

Thisis specified by means of two parameters -
The inclination i and the right ascension of the
ascending node Q. Inclinationi representstheangle
of theorbital planewith respect to the Earth’sequiator.
Theright ascension of the ascending node €2 defines
thelocation of the ascending and descending orbital
crossing nodes (thesetwo nodesmakealine of nodes)
with respect to afixed directionin space. Thefixed
directionisVernd equinox. Vernad equinox isdirection
of linejoining the Earth’s center and the Sun on the

first day of spring [5].
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3.2 Location of The Orbhit in Orbital Plane

Normally aninfinite number of orbitscanbelaid
withinanorbital plane. So, the orientation of theorbit
initsplaneisdefined by the argument of perigee w.
Thisistheangle, taken positively from 0°to 360°in
the direction of the satellite’smotion, between the
direction of the ascending node and the direction of
perigee.

3.3 Position of The Satellite in The Orbit

The position of the satellitein orbit isdetermined
by theangle6 called thetrueanomaly, whichisthe
anglemessured positively inthedirection of satellite's
movement from 0°to 360°, between the direction of
perigee and the position of the satellite.

3.4 The Shape of Orbit

Theshapeof orbit ispresented by the semi-magjor
axisa(Fig. 3) which definesthesize of orbit and the
eccentricity ewhich definesthe shape of the orbit.
Theeccentricity istheratio of differenceto thesum
of apogee(r,) and perigee(rp) radii asinEgn. 1.

e=
0

Applying geometrical ellipsefeaturesyield out the
relations between semi maor axis, apogee and

perigeeas.
r=a(l-e @
r,=a(l+ e (€)

both r and r,are considered from the Earth’s
centre. Earth’sradiusisr_ = 6378 km.

Then, theheightsof perigee and apogeeare:

hy=r —re 4)

h=r —r. 5)
For orbitswith zero eccentricity, yields:

e=0=r=r=a (6)

4.LOW EARTH ORBIT (LEO)

The Low Earth Orbit, LEO isused for the vast
majority of satellites.

Asthenamesimply, Low Earth Orbitisrelatively
low in altitude; the definition of LEO stating that the
atitude rangeis between 200 and 1200 km above
the Earth’ssurface. LEO isvery closeto the Earth,
especially when compared to other formsof satellite
orbit including geostationary orbit.

Thelow orbit altitude of LEO leadsto anumber
of characterigtics

e Orbit timeismuch lessthanfor many other forms
of orbit. Thelower adtitudemeanshigher vel ocities
andisrequired to balancetheearth’sgravitationa
fied. Typica velocitiesare gpproximately around
8 km/s, with orbit time sometimes of the order of
90minutes Althoughthesefiguresvary considerably
withtheexact detail sof theorbit.

e Thelower orbit meansthe satellite and user are
closer together and therefore path lossesisless
than for other orbitssuch as GEO

e Theroundtriptime, RTT for theradio signalsis
considerably less than that experienced by
geostationary orbit satellites. The actua timewill
depend upon factorssuch astheorbit atitude and
theposition of the user relativeto the satellite.

o Radiation levelsarelower than experienced at
higher dtitudes.

e Lessenergy isexpanded placing the satellitesin
LEOthan higher orbits.

e Some speed reduction may be experienced asa
result of frictionfromthelow, but messurableleves
of gasses, especidly at lower dtitudes. Analtitude
of 300 kmisnormally accepted asthe minimum
for an orbit asaresult of theincreasing drag from
the presence of gassesat low altitudes.

4.1. Applications for LEO Satellites
Applicationsof LEO satdlitesinclude:
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o Communicationssatdlites- somecommunications
satellitesincluding the Iridium phone system use
LEO.

o Earth monitoring satellitesuse LEO asthey are
ableto seethe surface of the Earth more clearly
asthey arenot sofar away. They areaso ableto
traversethe surface of the Earth.

o Thelnternational Space Stationisin LEO that
varies between 320 km (199 miles) and 400 km
(249 miles) abovethe Earth’ssurface. It can often
be seen fromthe Earth’ ssurface with naked eyes.

5. GEOSTATIONARY SATELLITE ORBIT
(GEO)

Onevery popular orbit format isthe geostationary
satdlliteorbit. The geogtationary orbit isused by many
applicationsincluding direct broadcast aswell as
communicationsor relay systems. Thegeostationary
orbit hasthe advantage that the satelliteremainsin
the same position throughout the day, and antennas
can bedirected towardsthe satelliteand remain on
track. This factor is of particular importance for
applications such as direct broadcast TV where
changing directions for the antenna would not be
practicable[6].

5.1. Idea of Geostationary Orbit

The idea of a geostationary orbit has been
postulated for many years. One of the possible
originatorsof the basicideawasaRussian theorist
and sciencefiction writer, Konstantin Tsiolkovsky.
However, it was Herman Oberth and Herman
Potocnik who wrote about orbiting stations at an
altitude of 35900 km above the Earth that had a
rotationa period of 24 hoursmaking it to appear hover
over afixed point on the equator.

The next major step towardsthisoccurred when
Arthur C Clarke, thesciencefiction writer, published
a serious article in Wireless World, a major UK
electronicsand radio publication, in October 1945.

Thearticlewasentitled” Extra-Terrestrial Relays:
Can Rocket Sations Give World Coverage?”

Clarkeextrapolated what could be donewith the
German rocket technology of the day and looked at
what might be possiblein thefuture. He postul ated
that it would be possibleto provide compl ete global
coverage with just three geostationary satellitesas
presentedin Fig.7.

Cone of heam
for broadcast services

Earth

_<_Satellite
orhit

-

radio links
Station 2

Fig.7. Arthur C Clarke's Geostationary
Orhiting Satellites Concept

In the article, Clarke determined the orbital
characteristics required as well as the transmitter
power levels, the generation by solar power, even
calculated theimpact of solar eclipses.

Clarke' sarticlewaswell ahead of itstime. It took
until 1963 before NASA wasableto start launching
satellitesthat could test thetheory. Thefirst servicegble
satellite ableto start testing the theory was Syncom 2
which was launched on 26 July 1963. [Syncom 1
failed as it was unable to reach its correct
geostationary orbit]

5.2. Basics of Geostationary Orbit

Astheheight of asatelliteincreases, sothetime
forthesatelliteto orbit increases. At aheight of 35790
km, it takes 24 hoursfor the satelliteto orbit. This

typeof orbitisknown asageosynchronousorhit, i.e.
itissynchronized with the Earth.

103
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One particular form of geosynchronousorbitis
known asageostationary orbit. Inthistype of orbit
thesatelliterotatesinthe samedirection astherotation
of the Earth and has an approximate 24 hours period.
Thismeansthat it revolvesat thesameangular velocity
asthe Earth and in the samedirection and therefore
remainsinthesame position relativeto the Earth.

5.3. Geostationary Satellite Drift

Evenwhensatdlitesareplacedinto ageostationary
orhit, there are several forcesthat can act on it to
changeitsposition dowly over time.

Factorsincluding the earth’selliptical shape, the
pull of the Sun and M oon and othersact to increase
thesatelliteorbital inclination. In particular the non-
circular shape of the of the Earth around the Equator
tends to draw the satellites towards two stable
equilibrium points, one abovethe Indian Ocean and
the other very roughly around the other side of the
World. Thisresultsinwhat istermed asan east-west
libration or movement back and forth.

To overcomethese movements, fuel iscarried by
the satellites to enable them to carry out “ station-
keeping” wherethe satelliteisreturnedtoitsdesired
position. The period between station-keeping
manoeuvresisdetermined by thealowabletolerance
on the satellitewhich ismainly determined by the
ground antennabeam width. Thiswill mean that no
re-adjustment of the antennasisrequired.

Oftentheuseful lifeof asatelliteisdetermined by
thetimefor which fuel will alow the station-keeping
to be undertaken. Often thiswill be several years.
After thisthe satellite can drift towards one of the
two equilibrium points, and possibly re-enter the
Earth’satmosphere. The preferred optionisfor the
satellitesto utilise somelast fuel tolift theminto a
higher and increasing orbit to prevent them from
interferingwith other satellites.

[104]

5.4. Advantagesand Disadvantagesof Geodtationary
orbit Satdllites

Whilethe geostationary orbitiswidely used for
many satellite applicationsit isnot suitablefor all
situations. There are several advantages and
disadvantagesto betaken into consideration:

5.4.1 Advantages:

Satelliteawaysin sameposition re ativeto earth -
antennas do not need re-orientation.

5.4.2 Disadvantages :

e Long path length, and hence losses when
comparedto LEO, or MEO.

o Satdlitesmorecostly toinstall in GEOinview of
greater dtitude.

¢ Longpathlengthintroducesdeays. Geostetionary
satellite orbits can only be above the equator and
therefore polar regions cannot be covered.

Despite the disadvantages of using satellitesin
geodtationary orhit, they arestill widely used because
of the overriding advantage of the satellite aways
being inthe sameposition relativeto agiven placeon
theEarth.

6. FREQUENCY BANDSAVAILABLE FOR
SATELLITECOMMUNICATIONS

Satellite technology isdeveloping fast, and the
gpplicationsfor satellitetechnology areincreasing dl
the time. Not only can satellites be used for radio
communications, but they area so used for astronomy;,
wesether forecasting, broadcasting, mapping and many
moregpplications.

Withthevariety of satellitefrequency bandsthat
can be used, designations have been devel oped so
that they can bereferredto easily.

Thehigher frequency bandstypicaly giveaccess
to wider bandwidths, but are a so more susceptible
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tosgna degradationdueto‘rainfade’ (theabsorption
of radio signalsby atmosphericrain, snow or ice).

Some of the useful frequency bandsfor satellite
communicationsaredesignated asFig.8. [7].

Increasing bequency 4
3K D 10K 3z 30 M 300 MHz 10m e 300 G

SATELLITE FREQUENCY

L| s 4 X Ku K Ka

Fig.8. Satellite Frequency Bands

7. CONCLUSION

LEO Satellitesare best suited for small distance
applicationswhere synchronization never matter and
these are cost effective also. Low-Earth-orbiting
satellitesarelessexpensiveto launchinto orbit than
geostationary satellitesand, dueto proximity to the
ground, do not requireashigh signa strength (Recdll
that Sgnd srengthfalsoff asthesquareof thedistance
fromthe source, sotheeffect isdramatic). Thus, there
isatrade off between the number of satellitesand
their cost. Inaddition, thereareimportant differences
in the onboard and ground equipment needed to
support thetwo typesof missonsasdiscussedin brief
in paper. Theseorbitsarevery useful for scientific
observationsand small scale communications. An
organization working with their many branchesat
different locationscaninstal their own LEO satellite
to monitor and sharethereworkings. Whereas GEO
satellites are synchronous with respect to earth.
L ooking from afixed point from Earth, these satellites
appear to be gtationary. These satellitesare placedin
the spacein such away that only three satellitesare
aufficient to provide connection throughout the surface
of theEarth (that is; their footprint iscovering dmost

1/3rd of the Earth). Lifetime expectancy of these
satdlitesis15years. Geodtationary satdllitein practical
istermed as geosynchronous asthere are multiple
factorswhich makethese satellitesshift from theidesl
geostationary condition. Thesesatellitesare used for
TV and radio broadcast, weather forecast and al so,
these satellites are operating as backbonesfor the
telephonenetworks. Disadvantagesof GEO satellites
liesin the matters such astransferring aGEQ into
orbitisvery expensiveand these satellitescannot be
used for small mobile phones.
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