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Abstract

To effectively model the orbits of a Nigerian based satellite, and to use the orbital results to learn more about the earth’s gravity field, and other geospatial phenomena we must deal with certain non-gravitational orbital parameters such as x, y, z coordinates, atmospheric drag (ad), solar and terrestrial radiation pressure (p), time differential (Δt), density (ρ), mass (m) and temperature (t). The quest for indigenous satellite technologies and infrastructure (launcher and own-satellite) by Nigeria in 2015 calls for a comprehensive and reliable national spatially referenced 7-D database development for the survival and management of the earth and space based infrastructure in the satellite campaigns and strategic plans.  This paper attempts a discussion on spatially referenced 7-D data paradigm for the survival of Nigeria’s indigenous satellite technology campaigns. The seven data matrix include position (x, y), height (h), gravity (g), difference in time (Δt), solar and terrestrial radiation pressure (p), and temperature (t). It also underscores the consequences of poor astro-geodynamic data culture in Nigeria as it affects satellite technology infrastructure development and management. 
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1.0 INTRODUCTION
The emotional and sentimental reactions of some Nigerians at the mishap of NigcomSat-1 in late 2008 could be attributed largely to ignorance of the space-mechanics of the satellite in relation to its environmental, physical, and electro-mechanical well being. The knowledge of the spatial positions, health status and ephemerides of satellites in some terrestrial or inertial space coordinate systems enhances the precise locations and imaging of earth-based observer or targets in that same coordinate system. In order to precisely know where a satellite is in space, we need information about the earth's gravitational field, since that field determines the satellite's orbit. Conversely, you can use the observed orbit to better constrain the gravity field. (Wahr, 1996).

During free flight the satellite is assumed to be subjected only to the gravitational pull of the Earth. If the space vehicle moves far from the Earth, its trajectory may be affected by the gravitational influence of the sun, moon, or another planet. A space vehicle's orbit may be determined from the position and the velocity of the vehicle at the beginning of its free flight in orbit. For Nigerian satellite experience, two types of orbits are currently dealt with, namely Geosynchronous and Sun Synchronous orbits. The Nigeria Communication Satellite is in Geosynchronous while the launched and planned for launch NigeriaSat-1, NigeriaSat-2 and NigeriaSat-X respectively are for Sun Synchronous orbit.
Geosynchronous orbits (GEO) are circular orbits around the Earth having a period of 24 hours. A geosynchronous orbit with an inclination of zero degrees is called a geostationary orbit. A spacecraft in a geostationary orbit appears to hang motionless above one position on the Earth's equator. For this reason, they are ideal for some types of communication and meteorological satellites. A spacecraft in an inclined geosynchronous orbit will appear to follow a regular figure-8 pattern in the sky once every orbit. To attain geosynchronous orbit, a spacecraft is first launched into an elliptical orbit with an apogee of 35,786 km called a geosynchronous transfer orbit (GTO). The orbit is then circularized by firing the spacecraft's engine at apogee.
Sun synchronous orbits (SSO) are walking orbits whose orbital plane precesses with the same period as the planet's solar orbit period. In such an orbit, a satellite crosses periapsis at about the same local time every orbit. This is useful if a satellite is carrying instruments which depend on a certain angle of solar illumination on the planet's surface. In order to maintain an exact synchronous timing, it may be necessary to conduct occasional propulsive maneuvers to adjust the orbit.

The heating of a spinning artificial satellite by natural radiation sources such as the Sun and the Earth results in temperature gradients arising across the satellite's surface. The corresponding anisotropic emission of thermal radiation leads to a recoil force, commonly referred to as “thermal force”. A quantitative theory of this effect was developed based on more general assumptions to model such radiation forces on spherically symmetric LAGEOS-like satellites (Farinella, & Vokrouhlický, 1996; Lorenzo, 2001). In particular, the theory holds for any ratio of the three basic timescales of the problem: the rotation period of the satellite, the orbital period around the Earth, and the relaxation time for the thermal processes, (Farinella, & Vokrouhlický, 1996). Data sets designed for operational use are now being employed to monitor the earth on decadal time scales, an application outside of their original purpose. One data set from the Microwave Sounding Unit, measures atmospheric temperature in deep layers since late 1978 (Christy & Goodridge, 1995).

Atmospheric drag tends to reduce the effects of uncertainties in the gravity field, since those die away rapidly with altitude. On the other hand, if your goal is partly to learn about the gravity field, then you want to be closer to the surface (Wahr, 1996). However, solar radiation pressure will be on the increase, as the satellite will be nearer to the sun than those in low earth altitudes.

This paper is aimed at identifying, modelling and simulating some data parameters that are spatially referenced and relevant for (i) satellite orbit generation and (ii) satellite orbit improvement and monitoring, and (iii) furtherance of space-mechanics’ education in Nigeria’s stride for indigenous satellite technology campaigns. 
The specific objectives of achieving this include
i. Carry out an over view of artificial satellite orbit mechanics and motions in space;
ii. Identify and model at least five satellite orbit disturbing forces that we should pay attention to in Nigeria if we must predict success and failure potentials of our satellites in orbit; 

iii. Simulate the effects of the disturbing forces on NigeriaSat-2, NigeriaSat-X and Nigcomsat-1R Satellites (yet to be launched) in Sun-synchronous and Geosynchronous orbits respectively;
iv. Combine the perturbing forces with the positional and elevation referenced parameters to form 7-D data paradigms for the satellite orbit generation and improvement strategy in Nigeria; 
v. To highlight the consequences of poor astro-geodynamic data culture in Nigeria as it affects satellite technology infrastructure development and management.
Therefore, this study is restricted to spatially referenced models for 7-D data paradigm for Nigerian indigenous space satellite campaigns. The data matrix selected include (x, y), height (h), gravity (g), difference in time (Δt), solar and terrestrial radiation pressure (p), temperature (t), and atmospheric drag  (ad). In effect, five disturbing force factors are considered in this study. The satellite characteristics used in the simulation are limited to NigeriaSat-2 and Nigcomsat-1R only.
Justification for Sustainable Space Technology Research in Nigeria

The US has lost over 1.5 trillion dollars in and space and orbital research technology since early 1960’s. The Mariner-1 space probe was launched from Cape Canaveral, USA on July 28th 1962 towards the Planet Venus, controlled by already programmed computers, but the scientist were surprised that the Mariner -1 craft turned back and fell into the Atlantic ocean only 4 minutes after ‘take-off’, because of an error of a minus sign (-) omitted from a line of the computer program, fed into the computer. The Mariner 1 space craft cost the American a sum of US $10 Million and was lost because of arithmetic sign that was missing (Fapohunda, 1998).

Nigeria is one of the over 45 nations with satellites in space and one of the 17 or more countries that have more than one payload deployed. Many of these countries have had rough roads to become one of the 45. On July 10th 2006, India’s failed launch destroyed a 2 ton communications satellite; Brazil had 3 failed attempts and lost their own satellite on October 22nd 1999; while China had 11 collective failed attempts. On the January 6th 2008, South Korea also lost their first satellite in space. Australia, Russia had their own experiences on the 23rd June 2005, while the 2001 US and Japanese satellites for direct TV broadcast and the £500million European Union super satellite launched in 2001 have all been lost in space. The failed Nigeria Communication Satellite (NIGCOMSAT-1) was separated from the carrier rocket in China into the geostationary orbit on the 13th April 2007, and since then it orbited the earth at an inclined angle of 0o degree to the equatorial plane. The NIGCOMSAT-1 was Nigerian government first communication satellite. It was a macro-satellite with lifespan of 15 years, mass of 5150kg and carried 4 C-band, 14 Ku-band, 8 Ka-band and 2L-band transponders (NASRDA, 2007). It was however reported to have failed in late 2008 due to solar battery problems. With climate change phenomenon in our days were it not possible for its problem to have emanated from excess solar radiation and pressure?
The planetary physics governing the lunch of the NIGCOMSAT-1 just like any artificial satellite demands that its first orbit is a function of the first position in space (ps), the velocity of its travel (v), the force field (f) and the mass (m). However, as time goes on, this first or initial orbital path of the satellite shall be inevitably altered laterally and vertically, depending on the direction of the perturbing forces (gravitational and non-gravitational); which imposes some measures of drift from it original path. Guo et al (2007) recommended that, based on the orbit integration and orbit fitting method, the influence of the characters of the gravity model, with different precisions on the movement of low Earth orbit, satellites could be studied and monitored. 

In view of the foregoing, the best way to avoid failure in space research or to have a good explanation and understanding when there is satellite mishap is not to take any condition for granted, rather every facet of force factors that has relevance to the satellite attitude and health in space should continuously be studied, monitored as much as possible.

METHODOLOGY 
Satellite Orbits and Motion: Descriptive Overview
An orbiting satellite follows an oval shaped path known as an ellipse with the body being orbited, called the primary, located at one of two points called foci. An ellipse is defined to be a curve with the following property: for each point on an ellipse, the sum of its distances from two fixed points, called foci, is constant (see Figure 1). The longest and shortest lines that can be drawn through the center of an ellipse are called the major axis and minor axis, respectively. The semi-major axis is one-half of the major axis and represents a satellite's mean distance from its primary. Eccentricity is the distance between the foci divided by the length of the major axis and is a number between zero and one. An eccentricity of zero indicates a circle. 

A satellite orbiting a spherical earth moves with an acceleration of GM/r2 towards the geocentre, subject to certain assumptions as below:

i. The satellite must be small, both in size and weight. Most Artificial micro-satellites easily satisfy this condition;
ii. The earth must be spherical, its density must either be uniform or arranged in concentric uniform shells. The actual earth satisfies these condition as a first approximation, but not all exactly;

iii. There must be no disturbing forces, such as the attraction of the sun, moon and planets, air drag or radiation pressure. Actually, these forces do occur and even though they are small, their combined effects are not negligible.

On these assumptions, a satellite will move in a fixed plane, in an unvarying space ellipse with the geocentre at one focus. Its rate of movement round the ellipse is not constant, but is such that the radius vector from the geocentre sweeps out equal areas in equal times (Kepler’s Law of Planetary motion). 

The Squares of the Orbital period (T) of different satellites are proportional to the cubes of their semi-major axes (A). In fact
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Figure 1: Celestial Sphere and Satellite Orbit in Space

In figure 1, ( is measured in the plane of the equator, and w and u in the plane of the orbit. The Orbit and the position of the satellite at any instant can be described by six (6) orbital elements, otherwise known as Keplerian Orbital Elements of a Satellite. The orbital elements include: i, (, w, a, e and u.

They are defined as:

· i = inclination of the plane of the orbit to that of the equator
· ( = right ascension (RA) of the Ascending Node. Ascending node is the point of intersection of the satellite orbital sphere and the equator; the ascending node being when the satellite is passing from South to North. A progressive decrease of ( is known as a regression of the node.
· p = semi-latus rectum of the orbit, which is determined by p = a (1-e2) or h2/GM: where a = semi-major axis of the orbit, e = eccentricity of the orbit, typically 0.03 to 0.02 (determined by  a/GM), G = Gravitational Constant, given as 6.67259x10-11±0.00085 m3kg-1s-2 (Cohen and Taylor 1987); M = mass of the earth, given as 5.974x1024kg (Montenbruck and Gill, 2001). w = angle between the ascending node and the radius vector to the satellite at perigee (when its distance is minimum). The point of perigee and apogee are known as apses, so a progressive change in w is a rotation of the Apse; to = time when v =0 and the satellite is at perigee. It may sometimes be analytically convenient for to (dt) to be at the time of the ascending node. 
· U = the angle between the ascending node and the satellite at the celestial meridian.
To Obtain the Geocentric Right Ascension (a) and Declination (d) at Time (t) from the Orbital Elements;
The mean anomaly M is defined by
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(1)

The mean motion; whence M = n (t-to), where to is the time (at perigee) at which M is taken to be zero.

The eccentricity anomaly E, defined geometrically as in figure below is given by Kepler’s equation as 
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Given e and M, E can be obtained by iteration without difficulty, since is small or very small for most geodetically useful satellites. Since the orbits of GPS satellites are nearly circular (ey0), equation (1) and μ = a3n2, where μ =GM and n is the mean motion =2(/T and T= orbital period of the satellite, can be used to calculate the approximate orbital motion of the satellites (that is, M~E) (Ries et al, 1989; Montenbruck and Gill, 2001).
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Figure 2: The Orbital Ellipse of Satellite

The true anomaly v is related to the eccentric anomaly E by:
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(3)

when u = w + v

Note: The true anomaly, or eccentric anomaly, specifies geometrically the position of the body within its orbital ellipse, but we need also to specify its position in time. This is accomplished via the time of perigee passage (to). 

Alternatively,
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Finally ,

a= (+tan-1 (cosi+tanu) 






(5)

sind= sini.sinu







(6)

r = A(1-e.cosE) 







(7)
Given the orbital elements therefore, the rectangular coordinates x, y, z, are obtained from the following models: 
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(8)
where the scalar r = A(1-e2)(1+e.cosv)-1
However, the actual earth is neither spherical nor even exactly spheroidal. The external potential of its attractions expressed as a series of spherical harmonics in the form of equations (9a and b) and the resulting acceleration of a satellite is gradv. (Cohen and Taylor, 1987; Ries et al, 1989; Montenbruck and Gill, 2001)
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where, 

v = Potential of the earth attraction (excluding centrifugal force)

GM = Product of Gravitational constant and Mass of the Earth: G = Gravitational Constant (6.67259 x 10-11m3kg-1s-2), M = mass of the earth (given by 5.974 x 1024kg) r = radius vector of the external body from the centre of the earth

a =earth’s semi-major axis

l,m =degree and order of any particular Harmonic

Jl = coefficient of (a/g)l Pl in a zonal Harmonic
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There are also other significant perturbations as listed earlier in the assumption number for normal satellite orbits. The largest harmonic term is the one whose coefficient is J2, which arises from the earth’s spheroidal shape (Montenbruck & Gill, 2001). Its magnitude is of the order of 10-3GM/r. Other perturbations of the potential are of the order of 10-6GM/r or less. Terms as small as 10-8GM/r may be significant.
In consequence of these accelerations, the elements are constantly varying. At any moment the elements of the orbit which the satellite would thereafter follow, if all acceleration except GM/r2 suddenly ceased, are known as the Osculating Elements.

Let a perturbing acceleration have components S along the radius vector (positive outwards), Tp is the orbital plane and perpendicular to the radius vector, roughly tangential to the orbit (positive in the direction of satellite motion), and W perpendicular to the orbital plane (forming a eight-handed system with S and T). Then the rates of change of the elements are:
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In which
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From equation (10), dv/dt is also required, therefore we have
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  Of these,  
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(Cohen and Taylor, 1987; Ries et al, 1989; Montenbruck and Gill, 2001)
The changes in the three components of r(x, y, z) resulting from changes in the elements A, e, (, w, i and v are obtained by differentiating equation (8). Then the total rate of change of x, y, z resulting from the perturbing accelerations, S, T and W is then given by equations (12), (13) and (14) respectively.
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(14)
Therefore, the accelerations, S, T and W depends on the position of the satellite (x, y, z) in space and also independently on the time, since the irregularities in the earth’s density and external potential rotate with the earth, while the satellite’s orbit is computed in a non-rotating frame. There is also the acceleration due to air drag which depends on the satellites velocity.

MODELS FOR THE SATELLITE ORBIT DEGRADING FORCES

The models for the disturbing forces operating on the satellites are required in order to solve the equation of motion. These models are equally relevant in the orbit generation and improvement strategy. The gravitational and non-gravitational satellite orbit degrading forces such as earth’s gravity (g), atmospheric drag (ad), solar and terrestrial radiation pressure (p), time differential (Δt), density (ρ), mass (m), temperature (t), non-sphericity of the earth itself, tides, etc and the geospatial parameters such as x, y, z  coordinates, are important parameters whose local knowledge by the application scientists in satellite owner country like Nigeria is very relevant in the sustainability and effective satellite ‘spin-off’ maximization and profitable campaigns.  This force modeling capability is a pre-requisite for satellite orbit generation and satellite orbit improvement strategies. 
[image: image66.png]Figure 4.4




Figure 3: Perturbing Forces acting on a Satellite in Orbit (Simulated for NigeriaSat-2 and NigcomSat-1R) 
Figure 3 is simulated for NigeriaSat-2 and NigcomSat-1R in Sun-Synchronous (~700km altitude) and Geostationary (~36,000km altitude) orbits respectively in this paper.  The actual orbit of a satellite departs from the Keplerian orbit due to the various disturbing forces illustrated in figure 3, some of which are gravitational and non-gravitation in origin.  These perturbing accelerations are actually responsibly for the modeled variations in the orbital elements with time (t) in equations (2) to (14).

Spatially referenced models of 7-D Data which include (x, y), height (h), gravity (g), difference in time (Δt), solar and terrestrial radiation pressure (rsp), and atmospheric drag  (rd)/temperature (rT) are  carried out  in the following order. The perturbed orbit can be viewed as the envelope of Keplerian Ellipse (Osculating Ellipse) which are defined at an instant by the current or instantaneous orbital elements a, e, i (, w and M. The total perturbing acceleration on a near-earth Satellite is
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where: 
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The equation of motion of the satellite about the earth is given by (15b)
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  Therefore, by the effect of equation (15a), the equation of motion of the satellite about the earth becomes: 
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(15c)

where the first term represents the central or two body acceleration and the remaining term is the total perturbing acceleration, r is the vector from the centre of mass of central body (m) to centre of mass of the second body M1.  For artificial satellite such as NigeriaSat-2, m2 is negligible relative to M1 and thus;
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Models for the perturbing forces operating on the satellites are required in order to solve the equation of motion. This force modeling capability is a pre-requisite for (i) orbit generation and (ii) Orbit improvement.
(a) Earth’s Gravitational Potential and its Effect on Satellite Orbit 

A satellite is not a point mass, and gravity is not uniform across it. Gravity is the only one of the four forces that operates over long distances between the bodies (d). It is an attraction between two masses (m1 and m2) and its magnitude is given by: 
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         (16)
Where G is a universal constant, called the constant of gravitation, and has the value 6.67259x10-11 N-m2/kg2 in standard metric units and the distance is between the center of mass of the two objects (http://www.vectorsite.net/tpecp_05.html). The force of gravity continues to grow weaker as the distance from Earth increases, but it never stops completely. The orbit of a satellite around the Earth is defined by the balance of the satellite's orbital velocity against the force of the Earth's gravitational attraction or force given by equation (17).
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Considering the force that the Earth exerts on a satellite in orbit. If the satellite has a mass m, and the Earth has mass M, and the satellite's distance from the center of the Earth is r, then the force that the Earth exerts on the object is GmM /r2. If we drop the satellite, the Earth's gravity will cause it to accelerate toward the center of the Earth. By Newton's second law (F = ma), this acceleration g must equal GmM /r2)/m.  But, the mass of the satellite (m) is irrelevant compared to the mass of the earth (M); given as 5.974x1024kg. The product GM as a constant for the Earth has the value of about 3.986005x1014±0.001m3/s-2, which has been determined with considerable precision from the analysis of Laser distance measurements of artificial earth satellites (Ries et al, 1989; Montenbruck and Gill, 2001). The acceleration of gravity at the surface of the Earth has the value of 9.80665 m/s2.
If we double the mass of the satellite and the force of the Earth's attraction on it is doubled, but the amount of force required to get the increased mass to accelerate to a given velocity is doubled as well. Since force is equal to mass times acceleration. In a stable circular orbit, this force is balanced by the centripetal acceleration of the satellite due to its orbital velocity, which is given by equation (18): 
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where a=centripetal acceleration, v is the speed of the particle and r is the orbital radius. This acceleration is directed inward toward the center of the orbit or circle. Every accelerating particle must have a force acting on it, defined by Newton's second law (F = ma). Thus, a particle undergoing uniform circular motion is under the influence of a force, called centripetal force (F), whose magnitude is given by equation (19)
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The direction of F at any instant must be in the direction of a at the same instant, that is radially inward. A satellite in orbit is acted on only by the forces of gravity. The inward acceleration which causes the satellite to move in a circular orbit is the gravitational acceleration caused by the body around which the satellite orbits; in this case the earth. Hence, the satellite's centripetal acceleration is g, that is g = v2/r. From Newton's law of universal gravitation we know that g = GM/r2. Therefore, by setting these equations equal to one another we find that, for a circular orbit, 
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where v is the orbital velocity. Note that in all cases, r =R+h, where R and h are earth radius and satellite altitudes respectively (figure 4). Figure 5 shows the Earth’s gravity fields, which is a clear illustration of the multiple force fields as they affect the satellites in orbits.
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Figure 4: Angular Velocity of Satellite in Orbit

In satellite geodesy, the non-central part of the geopotential V, which varies as a function of the latitude (φ), longitude (() and geocentric distance (d) is usually represented by a spherical harmonic expression:
  
[image: image48.wmf])

sin

.

cos

.

)(

(sin

0

'

2

2

1

l

l

f

m

S

m

C

P

r

a

GM

V

nm

nm

n

m

nm

n

n

n

e

e

+

=

å

å

=

=

+

               

(21)

where a = equatorial radius of the earth
           r = the geocentric radius to the satellite (with φ, and ()

           GMe = product of the gravitational constant and the mass of the earth.

Pnm(sinφ) = Legendre function of degree n and order m.


Cnm, Snm = Spherical harmonic coefficients of the earth’s gravity field

In rectangular coordinates the perturbing or disturbing acceleration is
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   Where 
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 and I, j and k are unit vectors respectively along the x, y and z axes of the Conventional Terrestrial System (CTS).  Similarly, 
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 are given by equations (23) and (24) respectively.
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(b) Direct Effect of Sun and Moon on the Satellites
The perturbing acceleration due to the masses of the sun and moon is given as
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where Ms and M1 are the masses of the sun and moon respectively, while rs and r1 are the geocentric position vectors to the sun and moon respectively.
(c) Earth and Ocean Tides Effect on the Satellite

The earth and ocean tides changes the earth’s gravitational potential, in turn producing additional acceleration on the artificial satellites such as NigeriaSat-1, 2 and X, NigcomSat and the GPS satellites that provides geospatial coordinates. In its simplest form, the perturbing acceleration due to the solid earth tides caused by either the sun or moon is given by:
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Where k2 = love’s number of degree 2 and 

           Md = mass of the disturbing body, 

           rd = geocentric vector to the disturbing body;
          ( = angle between geocentric position vectors r and rd. The ocean tide effect is more difficult to model. The potential at a point A in space, due to a mass load dm at a point arising from a tide height of h is:
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where k’ = load deformation coefficients of degree n
           Ψ =geocentric angle between A and p

P, Pno(cos Ψ) = the associated Legendre functions of degree n

dmp = Poh(p,t).dσ; where p = average ocean density, t = time, and dσ = element of surface

            area.

(d) Atmospheric Drag
The largest non-gravitational perturbations acting on any low altitude missions (be it satellite or missile) are atmospheric forces. The dominant of these forces is the drag, which is in opposing direction to the velocity of the body with respect to the atmospheric flux; thereby decelerating the body. The missile acceleration due to drag is therefore, given as (Montenbruck & Gill, 2001):
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Where; ρ = atmospheric density at the location of the satellite. 
CD = the drag coefficients which is a dimensionless quantity that describes the interaction of the atmosphere with the satellite’s surface material.

A = the satellite’s cross–sectional area.

m   = the mass of the satellite
Vr = the satellite’s velocity relative to atmosphere.

ev  = a unit vector indicating the parallelism of the direction of the drag acceleration to the relative velocity vector.

However, the drag coefficients (CD) depend on the atmospheric constituents with the satellite surface. Typical values of CD range from 1.5 – 3.0 and a crude approximation of the value is CD = 2 for a spherical body while typical values for non-spherical convex-shaped body ranged from 2.0 to 2.3 (Montenbruck and Gill, 2001). In this research therefore, a spherical orbital satellite is simulated and approximate value of 2 is adopted for CD, while, the atmospheric density at the highest altitude attained by the body is interpolated from Harris–Priester atmospheric density coefficients for mean solar activity.
(e) Thermal Heating and Temperature 

Two types of heat transfer that affect a space craft’s orbit are radiation and heat conduction. The exchange of energy between the spacecraft and its surroundings is described by radiation heat transfer. The rate of radiant energy transfer is given by the Stefan-Boltzmann law (Chapman, (1984). By conservation of momentum, the thermal force or rate of change of momentum for radiating surface elements, assuming a Lambertian surface is expressed as (Cook, 1989; Vigue et al, 1993). 
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where ε = reflectivity of the satellite surface
σ = Stefan-Boltzmann constant (5.6699x10-8 W/m2K)
T = Atmospheric Temperature (oK):

c = 2.998x108 m/sec
(f) Solar Radiation Pressure (Direct and Reflected) 
The model for the perturbing acceleration due to direct solar radiation pressure on a spherical satellite is given by:
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v = eclipse factor, such that v = 0 when the satellite is in earth’s shadow, v =1 when it is in the sunlight, and 0<v>1 if it is in the penumbra region.

Ps = solar constant (=4.65*10-5dyne/cm2)

Cr = a factor depending on the reflective properties of the satellite (Cr = 1+ε, where ε is emissivity or reflectivity)
A/m = area to mass ratio of the satellite

The principal uncertainties in this model arise from the following:

i. The solar constant is not constant

ii. Defining a model for the earth’s shadow and penumbra

iii. The use of a simple Cr factor for the artificial satellites
iv. Determining the effective cross-sectional Area (A)

For typical materials used in the construction of satellite, the reflectivity (ε) lies in the range of 0.2 to 0.9 [0.2≤ ε ≥0.9] (Montenbruck and Gill, 2001).
(g) Time differential (Δt), 

  Δt = t1-to
where t1 is the satellite tracking time at perigee and to is the time at ascending node at apogee (when satellite apogee is at the ascending node, i.e w = 0). 
(h) Atmospheric Density (ρ) 
The atmospheric density at the highest altitude attained by the body is interpolated from Harris–Priester atmospheric density coefficients for mean solar activity.
The Harris-Priester Density Model

Although the dynamics of the upper atmosphere shows a significant temporal and spatial variation, there exist relatively simple atmospheric models that already allow for a reasonable atmospheric density computation. Thus prior to a description of elaborate and complex models, we consider the algorithm of Harris-Priester (Harris & Priester, 1962; Long et al, 1989), which is still widely used as a standard atmosphere and may be adequate for many applications.

The Harris-Priester model is based on the property of the upper atmosphere as determined from the solution of the heat conduction equation under quasi-hydrostatic conditions. While neglecting the explicit dependence of semi-annual and seasonal latitude variations, it has been extended to consider the diurnal density bulge. As the atmospheric hearing due to solar radiation leads to gradual increase of the atmospheric density, the apex of this bulge is delayed by approximately 2 hours, equivalent to a location 300 to the east of the sub-solar point (Long et al, 1989). 

Simulations of Some Orbit Parameters and Perturbing Magnitudes for Nigeria Satellites
The total perturbing acceleration on a near-earth Satellite is given in equation (15a). The radius of the Earth (R) is 6,340,000 meters (6,340 kilometers). Then the expression for gravitational acceleration (g) of a satellite in an orbit (equation 17) becomes: 
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Where r is the altitude of the satellite above the Earth’s surface.
The magnitude of other perturbances as contained in equation (15a) were estimated using equations (16-29), while the values of the mass and altitude of Nigeria Sat-2 and Nigcom Sat-1 were simulated for Nigeria Sat-X and Nigcom Sat-1R respectively, the atmospheric density at the altitude of each satellite considered in this study were estimated from Harris-Priester atmospheric density coefficients valid for mean solar activity (Long et al, 1989). Therefore, given the orbital elements, the rectangular coordinates x, y, z, are obtained from Equation (8).
 RESULTS AND DISCUSSION

From the simulations and computations discussed above, the estimated magnitudes of the various perturbing forces are as shown in the table 1 below:
Table 1: Simulation of the effects of the perturbing forces on the satellites
	Satellit-es
	Mass (kg)
	Altitude (km)
	Gravitational

Attraction (rg)
	Sun-Moon mass attraction (rls)
	Radiation pressure

(rsp)
	Temp. (rT) (oK) 
	Atm.

drag (rd)/

(10-6)
	Atm.

Density

(ra)kg/m3

	NigeriaSat-1
	98


	686
	F= 

791.3117671 N/m2
g = 8.075m/s2
v =7524.58565
	5965.266908 N/m2
	Min  = -8.19995E-07
	8.86517E-09
	-23879.9979

-0.239N/m2

	0.2691

	
	
	
	
	
	Max = -1.29833E-06


	
	
	

	NigeriaSat-2
	300
	700
	F=2412.758N/m2
g =8.043m/s2
v =7532.07866
	5965.27425 N/m2
	Min = -2.41079E-06
	7.97866E-08
	-535506.6666

-0.536 N/m2

	0.2185

	
	
	
	
	
	Max = -3.81708E-06


	
	
	

	NigeriaSat-X
	300*
	700*
	F =2412.758N/m2
g =8.043m/s2
v =7532.07866
	5965.27425 N/m2
	Min = -2.41079E-06
	7.97866E-08
	-535506.6666

-0.536 N/m2

	0.2185

	
	
	
	
	
	Max = -3.81708E-06


	
	
	

	NigComsat-1
	5150
	36,000
	F =

1145.099858N/m2
g =0.222m/s2
v =3068.269427
	5988.593111 N/m2
	Min = -2.71027E-07
	6.61035E-06
	5964022.345

5.964 N/m2

	-130.5027

	
	
	
	
	
	Max =-4.29126E-07


	
	
	

	NigComsat-1R
	5150*
	36,000*
	F =

1145.099858 N/m2
g =0.222m/s2
v =3068.269427
	5988.593111 N/m2
	Min = -2.71027E-07
	6.61035E-06
	5964022.345

5.964 N/m2

	-130.5027

	
	
	
	
	
	Max = -4.29126E-07


	
	
	


*Modeled after the immediate past satellites 14289.27, 21029.66 and 10077.65
Table 2: Combine effect of the forces on each Satellite.
	Satellites
	rg
	rls
	rsp min
	rsp max
	rT
	rd
	ra
	rt mean

	NigeriaSat-1
	8323.972
	5965.2669
	-8.20E-07
	-1.30E-06
	8.87E-09
	-0.239
	0.2691
	14289.269

	NigeriaSat-2
	15064.71
	5965.2669
	-2.41E-06
	-3.82E-06
	7.98E-08
	-0.536
	0.2185
	21029.657

	NigeriaSat-X
	15064.71
	5965.2669
	-2.41E-06
	-3.82E-06
	7.98E-08
	-0.536
	0.2185
	21029.657

	NigComsat-1
	4213.591
	5988.5931
	-2.71E-07
	-4.29E-07
	6.61E-06
	5.964
	-130.503
	10077.646

	NigComsat-1R
	4213.591
	5988.5931
	-2.71E-07
	-4.29E-07
	6.61E-06
	5.964
	-130.503
	10077.646


The minimum and maximum solar radiation pressure (table 1) was used to determine the range of the total perturbing acceleration, the two values differs only at the seventh digit therefore, the mean was obtained as shown in table 2. Also from the tables, it could be seen that the total perturbation is higher on the lower altitude than the high altitude satellites nevertheless, the effect of the lunisolar tide is greater for high altitude than the low altitude satellites.
Conclusion
Non-gravitational perturbations like the thermal imbalance force have been observed for years on satellites like LAGEOS, and are still not completely understood (Vigue, et al, 1993). Thermal forces are dependent on the environment and specifically on such parameters as the satellite mass, cross-sectional area, and material composition. Unfortunately, these parameters can change or degrade with long-term exposure in space. Therefore, it may be more appropriate to estimate stochastic force parameters to represent the thermal reradiation forces, since the nature and rate of material degradation of the satellite in orbit is unknown 
Recommendations

The National Space Policy, through National Space Research and Development Agency (NASRDA) and the Office of the Surveyor-General of the Federation (OSGOF) should make gravity and non-gravitational orbital parameters data collection a priority in Nigeria, as it will help in the effective modeling of satellite orbits, attitudes and relevant perturbing and space mechanics/dynamics for sustainable space research and development programmes.  

The Way Forward
· Comprehensive and periodic gravity and related data acquisition and analysis across the country. A combination of classical digital observations with GOCE gravity data is recommended;
· Sea level rise and tidal harmonics around Nigeria space territory is necessary;
· Complete re-engineering, education and public enlightenment on the spin-off benefits of space technology,

· Institutional research and development in astro-geodetic and astro-geodynamics through assistance and capacity building in Physics, Astronomy and Space Geodesy;
· Space Science and Technology is multi-disciplinary system; hence strong collaborations, devoid of politics, sentiments and superiority complexes amongst geo-scientists and engineers in Nigeria are most needed now for the sustainability of Nigeria space development vision and mission.

· Nigeria should strive to join the International Laser Ranging Service Station Network, in order to avail herself the technology of extra-terrestrial research in space and planetary science (appendix-I shows the current network of International Laser Ranging Service Stations)
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Appendix-1: The Earth’s gravity fields [Source: http://www.geod.nrcan.gc.ca/edu/geod/gravity04_e.php]
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Appendix-2: FG5 Absolute Gravimeter 
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Appendix-3: International Laser Ranging Service Station Network (Source : Botai & Combrinck, 2009)
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PAGE  
1
Proposed Paper for Presentation @ the NIGERIAN INSTITUTION OF SURVEYORS (NIS) 45thAnnual General Meeting & Conference. “ABUJA 2010”

_1324847537.unknown

_1325959710.unknown

_1325961437.unknown

_1325961506.unknown

_1325961567.unknown

_1325961586.unknown

_1325961627.unknown

_1325961532.unknown

_1325961474.unknown

_1325959954.unknown

_1325960290.unknown

_1325959878.unknown

_1325540736.unknown

_1325541027.unknown

_1325541646.unknown

_1325543698.unknown

_1325839951.unknown

_1325896231.unknown

_1325897037.unknown

_1325545007.unknown

_1325545888.unknown

_1325542119.unknown

_1325541528.unknown

_1325541594.unknown

_1325541493.unknown

_1325540782.unknown

_1325540831.unknown

_1325540759.unknown

_1325071003.unknown

_1325071218.unknown

_1325540037.unknown

_1325540583.unknown

_1325539659.unknown

_1325071143.unknown

_1324850002.unknown

_1325070888.unknown

_1324891617.unknown

_1324847562.unknown

_1324384376.unknown

_1324841801.unknown

_1324842436.unknown

_1324842868.unknown

_1324842890.unknown

_1324843309.unknown

_1324842818.unknown

_1324842037.unknown

_1324842296.unknown

_1324841944.unknown

_1324840335.unknown

_1324840648.unknown

_1324841495.unknown

_1324384546.unknown

_1324376543.unknown

_1324380673.unknown

_1324384216.unknown

_1324384311.unknown

_1324383860.unknown

_1324379115.unknown

_1324374446.unknown

_1324376185.unknown

_1324374343.unknown

