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In this thesis the problem of spacecraft attitude control is investigated. The spacecraft 

dynamics are modeled as a rigid body system controlled by 4 thrusters, and the kinematics are 

represented by direction cosine matrix. In this thesis, the effectiveness of retrospective cost 

adaptive control for spacecraft attitude control is evaluated. The prominent feature of this adaptive 

controller is that it requires little knowledge of the system to be controlled. This makes this 

controller attractive since for most spacecraft knowledge of the spacecraft’s inertia tensor is 

limited and will sometimes change over the spacecraft lifetime. 
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Chapter 1 - Introduction 
 

1.1 – Motivation 
Modern spacecraft have an attitude determination and control system (ADCS), one of the 

most challenging problems for control engineers is the modeling of the spacecraft. A precise 

estimate or measurement of the inertia tensor of the spacecraft is not possible or even not useful 

as the spacecraft might deploy antennas, solar panels, etc. While a measurement or estimate of 

the inertia tensor of the spacecraft in its launch configuration can be obtained, such knowledge is 

still lacking as the values obtained do not correspond to the spacecraft configuration in its main 

life cycle. 

Research is been done in developing controllers that do not need an accurate model of the 

spacecraft inertia tensor or may even not need any modeling at all. The controller studied in this 

thesis is one such research topic, needing minimal knowledge of the spacecraft’s inertia tensor. 

In this thesis, the only information necessary from the spacecraft model is the first non-zero 

Markov parameter. Furthermore even that can be forgone and used as a tuning parameter. 

 

1.2 – Spacecraft Attitude Determination 
The motion of a spacecraft is determined by its position, velocity, attitude and angular 

velocity. The first two, position and velocity, describe the translational motion of the center of 

mass of the spacecraft and are not studied in this thesis. The last two, attitude and angular velocity, 

describe the rotation of the spacecraft's body about its center of mass, relative to an inertial frame, 

and are of interest to the study in this thesis. Attitude of a spacecraft is its orientation in space. 

 Unlike orbit problems most of the advances in attitude determination and control are 

recent, having happened mostly since the launch of Sputnik on 1954. This can be exemplified by 

the fact that the prediction of the orbital motion of celestial bodies was the initial motivation for 

much of Newton’s work. So while much has been researched and discovered in orbit analysis, 

much of the body of knowledge is centuries old unlike attitude analysis. [2] 

The problem of a spacecraft’s attitude can be divided in three parts: determination, 

prediction and control. Of these three, prediction will not be mentioned in this work, 

determination will be briefly mentioned about as it is not the object of study of this thesis, and 

control is the object of study of this thesis. 

 Attitude determination is the process of computing the orientation of the spacecraft in 

relation to another object such as the Earth, the Moon or the Sun for example. 

 Attitude prediction is the process of forecasting the future orientation of the spacecraft by 

using dynamical models to extrapolate the attitude history. 

 Attitude control is the process of orientating the spacecraft in a specific direction or 

spinning the spacecraft at a certain angular velocity around a specific axis. 

 

 


































































































