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ABSTRACT 
The aim of this paper is the modelling and simulation 
techniques of a non gravitational force of the earth 
magnetic field and its application to the stabilisation of 
ALSAT-1 first Algerian microsatellite build by Surrey 
Satellite Technology Ltd. (SSTL), Guilford, United 
kingdom. This paper describes 1) the attitude dynamic, 
2) the modelling of the earth magnetic field, 3) the 
magnetic torquer control. Simulation results will be 
presented. 
 
INTRODUCTION 
Attitude determination provides the information needed 
for attitude control.  Attitude control is the process of 
changing the orientation of spacecraft.  It roughly 
comprises two areas:  
 Attitude stabilisation: maintaining an existing 

orientation; 
 Attitude slew maneuver: controlling the spacecraft 

from one attitude to another. 
However, the two requirements are not totally distinct.  
For example, the stabilisation of a satellite with one 
axis towards the Earth implies a continuous maneuver 
relative to its inertial orientation.  The control accuracy 
typically depends on the actuators and control 
algorithms. 
The limiting factor for attitude control is typically the 
performance of the actuator hardware and control 
software.  Although with autonomous control systems, 
it may also be the accuracy of the orbit or attitude 
information. 

An attitude control system is both the process and 
the hardware by which the attitude is controlled.  In 
general, an attitude control system consists of the 
following four major components                             
(as shown in Fig. 1): 
 Attitude sensors ; 
 Control logic ; 
 Attitude actuators; 
 Vehicle dynamics. 

An attitude sensor locates known reference targets 
such as the Sun or the Earth’s centre to determine 
when control is required, what torques are required, 
and how to generate them.  The attitude actuator is 
the mechanism that supplies the control torques.  
Control systems can be classified as either an open 
loop system in which the control process includes 
human interactions (e.g. attitude data from the 
attitude sensors is analysed, and a control analyst 
occasionally sends command to the spacecraft to 
activate the control hardware), or a closed loop 
feedback system in which the control process is 
entirely electrical or computer controlled (e.g. 
attitude sensors sends attitude data to an on-board 
computer which determines the attitude and then 
activate the control hardware).  Further there are 
two types of attitude control mechanisms: active 
attitude control in which continuous decision 
making and hardware operation is required (the 
most common sources of torques for active control 
systems are gas jets, electromagnetic coils, and 
reaction wheels) and passive attitude control which 
makes use of environmental torques to maintain the 
spacecraft orientation (gravity gradient and 
permanent magnets are common passive attitude 
control methods). 
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Figure 1 : Schematic Diagram of a Satellite Attitude Control System 



ATTITUDE DYNAMICS 
The dynamics of the spacecraft in inertial space governed 
by Euler’s equations of motion can be expressed as 
follows in vector form 
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Where , I, NI

Bω GG, ND, NM and NT are respectively the 
inertially referenced body angular velocity vector, moment 
of inertia of spacecraft, gravity-gradient torque vector, 
applied magnetorquer control firing, unmodelled external 
disturbance torque vector such as aerodynamic or solar 
radiation pressure. 
The rate of change of the quaternion is given by 
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Where, 
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  = body angular velocity vector 
referenced to orbital coordinates. 
The angular body rates referenced to the orbit coordinates 
can be obtained from the inertially referenced body rates 
by using the transformation matrix A: 
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If we assume the satellite in a near circular orbit with 
average orbital angular rate ω , then o

[ TΒ
0 00 οω−=ω  is a constant rate vector. 

 
The kinematic equations can derived by using a spacecraft 
referenced angular velocity vector  as follows: R

Bω
 

ψω−ψω=φ sincos RyRx
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Where, 
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velocity in any reference coordinate frame. 
 
 
 
 

EARTH MAGNETIC  FIELD MODELLING 
The earth’s magnetic field B can be expressed as the 
gradient of a scalar potential function V,  
 

V∆−=Β                      (7) 
 

The nature of solenoid to Laplace’s equation 
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V can be conventionally represented by a series spherical 
harmonics. 
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A  : Equatorial radius earth (6371.2 Km  

   adopted for the International Geomagnetic  
   Reference Field, IGRF)  

m
n

m
n h,g  : Gaussian coefficients ; 

R  : Geocentric distance ; 
 α   : Coelevation ; 
β : East longitude from Greenwich which define  

         any point in space. 
 
MAGNETIC TORQUER CONTROL 
Any reaction and momentum wheel 3-axis stabilised 
satellite must employ a momentum management algorithm 
to restrict the wheel momentum within allowable limits.  
Momentum build-up naturally occurs due to the influence 
of external disturbance torques, for example, the torques 
due to passive gravity gradient, aerodynamic and solar 
forces, and active control torques from magnetorquers.  
These disturbances to the body of an attitude-controlled 
satellite cause an accumulation of momentum on the 
reaction and momentum wheels.  The added momentum 
may cause saturation of the reaction and momentum wheel 
speed.  Moreover, the existence of large angular 
momentum in the satellite causes control difficulties when 
attitude controllers are implemented, because the 
momentum provides the satellite with unwanted 
gyroscopic stability.  Therefore, the management of three-
axis wheel momentum is required in order to counteract 
the influence of persistent external disturbance torques. 
The following cross-product control law is used to achieve 
the control objectives stated above 
 

B
Be

M
×

=                 (10) 

Where 
 
e : error vector for a magnetorquer cross- 

  product controller; 
B : Magnetometer measured magnetic field  

         vector. 
 

 
 
 
 
 



The attitude is obtained from a full state Extended Kalman 
filter (EKF). This filter take measurement vectors (in the 
frame body) from magnetometer with 0.3 microTesla 
noise and sun sensor with 0.1 degree noise and by 
combining them with corresponding modelled vectors (in a 
reference frame), estimate the attitude and attitude rate. 
The EKF estimator is implemented for earth-pointing 
spacecraft undergoing only small rotation angles. The 
system model used in this estimator is based on Euler 
angles, and simplified in order to reduce the complexity 
and processing time for accommodation on an on-board 
processor that has limited memory space. 
The assumptions of the simplified EKF estimator are listed 
as follows 
 The spacecraft is nominally Earth pointing with either 

a certain spin rate in Z-. 
 The spacecraft has a symmetric structure on X and Y-

axes. 
 The orbit of the spacecraft is near circular with an 

almost constant angular rate. 
The system noise model has zero mean. 
The state vector to be estimated is 6 dimensional such that 
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Using the cross-product control law with the error vector 
for a magnetorquer cross-product controller implemented 
on ALSAT-1 is given by 
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With Kp is the proportional gain, Kd is the derivative gain, 
ω0x,ω0y,ω0z are the X, Y and Z orbit referenced angular 
rate of the satellite in radian/second, ω0zref is the reference 
Z angular rate in radian/second, ψ is the Yaw angle in 
radian, and ψref  is the reference yaw angle in radian. The 
orbit reference angular rate and the angle in Eq. (12) are 
obtained from a full state Extended Kalman Filter (EKF). 
 
SIMULATION RESULTS 
A 98° inclination, circular orbit at an altitude of 860 km 
was used during the simulation tests. The following matrix 
of inertia is assumed for Alsat-1 during tests  
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Error 
Roll 

[degree] 

 
Error 
Pitch 

[degree] 

 
Error 
Yaw 

[degree] 
Average  -0.3*10-2 0.41*10-1 -0.3*10-1 

STD [1-σ] 0.46*10-1 0.18 0.17 
RMS 0.46*10-1 0.19 0.18 

    Table 4: Lists the error Euler angles RMS for the last three 
orbits (ψref = 170.0 degrees). 

 
The magnetic moment in the orthogonal X, Y and Z-axes 
was assumed to be equal to 10 Am2 each. The  
reaction/momentum wheels has a MOI of 8.10-4 kgm2 and 
the maximum speed is ± 5000 rpm, this gives a maximum 
angular momentum of 0.42 Nms. The maximum wheel 
torque is 5 milli-Nm. 
We assume that we have gravity gradient torque and 
aerodynamic torque as external torque.  

An IGRF model was used to obtain the geomagnetic field 
values. A sampling period of TS = 10 seconds was utilised 
for the discrete filter algorithm. To initialize the filter we 
use the yaw filter. 
The satellite is left to nutate and librate freely for the two 
orbits in order to converge the filter. At the start of the 
third orbit the magnetorquer is activated. 
The satellite is left to librate freely for the two orbits 
starting from an initial attitude of 3 degrees roll, 0 degree 
pitch, 0 degree yaw, 0 degree/second roll rate, 0 
degree/second pitch rate and 0.6 degree/second yaw rate. 
At the start of the third orbit the magnetorquer is activated 
and within one orbits the pitch and roll librations are 
damped to nadir pointing error of less than 1 degree, the 
yaw angle is controlled to 0 degree. At the start of the 
eighth orbit the yaw angle is commanded to 170 degree for 
six orbits. 
The total accumulated on time of magnetorquer is 
approximately 13000 seconds during an active control 
window of 12 orbits (72000 seconds). This gives an 
average magnetorquer power drain of 0.15 Watt from the 
start until the attitude is achieved. 
We obtain the following results 
 
Table 1: Lists the Euler angles RMS for the last three  
orbits (ψref = 0.0 degree). 

 
 
 

 
Roll 

[degree] 

 
Pitch 

[degree] 

 
Yaw 

[degree] 
Average  0.52*10-2 10-2 0.88*10-1 

STD [1-σ] 0.24*10-1 0.29*10-1 0.19 
RMS  0.25*10-1 3*10-2 0.22 

 
Table 2: Lists the Euler angles RMS for the last three 
orbits (ψref = 170.0 degrees). 

 
 
 

 
Roll 
[degree] 

 
Pitch 

[degree] 

 
Yaw 

[degree] 
Average -8.7*10-4 -85*10-4 170.30 

STD [1-σ] 0.94*10-1 0.38*10-1 0.33 
RMS 0.95*10-1 0.39*10-1 170.30 

 
Table 3: Lists the error Euler angles RMS for the last three 
orbits (ψref = 0.0 degree). 

 

  
Error 
Roll 

[degree] 

 
Error 
Pitch 

[degree] 

 
Error 
Yaw 

[degree] 
Average 11*10-4 0.4*10-1 -54*10-3 

STD [1-σ] 0.25*10-1 0.17 0.14 
RMS 0.25*10-1 0.18 0.15 
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 Figure 5 : Roll Attitude error during Magnetorquer Yaw 

Phase Control 
Figure 2 : B-Field (X-axis) 
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Figure 3 : B-Field (Y-axis) 
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Figure 4 : B-Field (Z-axis) 
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Figure 6 : Pitch Attitude error during Magnetorquer Yaw 
Phase Control 
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Figure 7 : Yaw Attitude error during Magnetorquer Yaw 
Phase Control 
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This controller was designed to keep the microsatellite in 
accurate nadir pointing attitude. A cross product 
magnetorquer control law will damp out undesired pitch 
and roll libration and control either a constant yaw rate or 
a fixed yaw angle. This control mode will be regarded as 
the nominal attitude determination control system mode 
for the microsatellite. Figure 8 : Yaw Attitude during Magnetorquer Yaw Phase 

Control 
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Figure 9 : Roll and Pitch Attitude during Magnetorquer 

Yaw Phase Control 
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Figure 10 : Magnetorquer on time during libration 

damping and yaw phase control 
 
 
 
 
 
 
 

CONCLUSION 
Alsat-1 attitude requirements are tabulated below 
 
Bore-sight pointing (Roll/Pitch) ≤ 1.0 degree (1σ) 
Bore-sight rotation (Yaw) ≤ 0.5 degree (1σ) 
Attitude stability (rate) during 
imaging 

≤ 0.005 
degree/second (1σ)

 
The results we have obtained indicate, the roll, pitch, yaw 
and yaw rate achieves the requirement values by using 
magnetorquer cross-product. 

 
REFERENCES 
F. Martel, P.K. Pal and M. Psiaki, ”Active Magnetic 

Control System for Gravity Gradient Stabilized 
Spacecraft”, Proceedings of the 2nd Annual AIAA/USU 
Conference on Small Satellites, Utah State University, 
September 1988.  

J.R Wertz, (ed.) “Spacecraft Attitude Determination and 
Control “, D. Reidel Publishing Company, Dordrecht, 
The Nederland, 1985. 

J.J. Levalois et J. Kovalesky, “Géodésie Spatiale”, Tome 4 
     1974, edition Eyrolles. 
M.S. Hodgart and P.S. Wright, “Attitude Determination 

Control and Stabilisation of UoSAT12”, Journal of the 
Institution of Electronic Radio Engineers, Vol. 57 N°5 
pp. 151, October 1997. 

O. Zarrouati, “Trajectoires Spatiales”, CNES, Edition 
     CEPADUES 1987. 
Vladimir A. Chabotov, “Spacecraft Attitude Dynamics and  

Control”, Krieger Publishing Company Malabar, 
Florida 1991. 

W.H. Steyn, “A Multi-Mode Attitude Determination and  
Control System for Small Satellite”, Ph.D 
(Engineering), University of Stellenbosch, December 
1995. 

W.H. Steyn, Y. Hashida, “ In Orbit Attitude and Control  
Commissioning of the UOSAT-12”, Proceedings of the 
4th ESA International Conference on Spacecraft 
Guidance, Navigation and Control Systems, ESTEC, 
Noordwijk, The Nederland, 18-21 October 1999, (ESA 
SP-425, February 2000). 

W.H. Steyn, Y. Hashida, V. Lappas, “ An Attitude Control  
System and Commissioning Results of the SNAP-1 
Nanosatellite”, Proceedings of the 14th Annual 
AIAA/USU Conference on Small Satellites, Utah State 
University, September 2001. 

 
 

 
 


	c0: Proceedings 18th European Simulation MulticonferenceGraham Horton (c) SCS Europe, 2004ISBN 3-936150-35-4 (book) / ISBN 3-936150-36-2 (CD)


