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Spacecraft with high performance attitude control systems requirements have traditionally relied on
imperfect mechanical gyroscopes for primary attitude determination. Gyro bias errors are connected with a
Kaman filter algorithm that uses updates from precise attitude sensors like star trackers. Gyroscopes,
however, have a tendency to degrade or fail on orbit, becoming a life-limiting factor for many satellites.
When errors become erratic, pointing accuracy may be lost during short star gaps. Unpredictable gyros
degradations have impacted NASA spacecraft missions such as Skylab and Hubble Space Telescope as
several DoD and ESA satellites.  An alternative source of angular rate information is a software
implemented real tie dynamic model. Inputs to the model from internal sensors and known spacecraft
parameters enable the tracking of total systemangular momentum from which body rates can be
determined. With this technique, the Kalman filter algorithm provides error corrections to the dynamic
model. The accuracy of internal sensor and input parameters determine the effectivenes of this angular rate
estimation technique. This thesis presents the background for understanding and implementation of the
technique into a representative attitude determination system. The system is incorporated into an attitude
simulation model developed in SIMULINK to evaluate the effects of dynamic modeling errors and sensor
inaccuracies. Results are presented that indicate that real time dynamic modeling is an effective method of
angular rate determination for maneuvering multi-body spacecraft attitude control systems.
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Microelectromechanical systems (MEMS) have been developing for the past few decades, but recent
spaceflight demonstrations have highlighted the potential of this technology as an attractive paradigm shift
in how aerospace systems should be developed, maintained and used as the dawn of a new space age
emerges. MEMS will generate a revolution in the way people see and control tomorrow's satellites by
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combining technological advances in sensors, actuators, reactionary systems, spacecraft attitude control
systems, information processing and storage with the miniaturization of these components. MEMS will
enable the realization of decentralizing satellites and, therefore, create a paradigm shift in the conceptual
operation and development process of how people think about using satellites. The vision of what can be
achieved from space is no longer bound by what an individual satellite can accomplish, rather, a number of
much smaller cooperating satellites can share the functionality at a lower cost in development and
production. This thesis will validate the concept of MEMS and its applicability to space and conclude by
examining possible paths that the Naval Postgraduate School microsatellite, NPSAT1, can take to reducing
subsystem mass and power through the use of MEM S components.
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The innovative idea of distributing the functionality of current larger satellites among smaller, cooperative
satellites has been sincerely considered for assorted space missions to accomplish goals that are not
possible or very difficult to do with a single satellite. Additionally, the utilization of smaller satellites is
maximized within formations and clusters to conduct missions such as interferometry and earth-sensing.
This paper presents a methodology to describe, populate and analyze numerous formation designs
employing the use of Hill’s equations of motion to describe a formation’s dynamics. These equations of
motion are then programmed into a MATLAB code to produce Cartesian elements for input into a Satellite
Tool Kit" (STK) simulation that demonstrates numerous possible cluster formation designs. These
simulations are then used to determine OV requirements for overcoming LEO-type perturbations that were
modeled within STK’s High Precision Orbit Propagator (HPOP).

Finally, components from two subsystems [Attitude Determination and Control (ADCS) and
Propulsion], using the OV caculations from the simulation analysis and current advances in
MicroElectroMechanical systems (MEMs) and nanosatellite technology, are presented based on a mass
congtraint of 10kg for the entire satellite.
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