




ADCS couples with 
many other subsystems.



Different attitude control modes



ADCS requirements typically include:
• Jitter: Amplitude and spectral 

characteristics of high-frequency 
variations 

• Drift: Limits on low-frequency variations 
• Transient response: Max settling time 

or overshoot for slew maneuvers 
• Range: Angular motions over which 

other requirements must be met.



Attitude Sensor Technologies
(most slides stolen from Prof. Savransky)



• What is attitude determination?


• What information is required to solve the attitude 
determination problem?





• Star trackers 
• Sun/Earth sensors

• Horizon sensors

• Magnetometers

• Carrier phase differential GPS

• Gyroscopes

• Optical navigation (a little)

This lecture:



Blue Canyon Technologies star trackers



High-Accuracy Star Tracker (HAST) - Ball Aerospace 
1e-5 degrees of accuracy



How do star trackers work?







Why are they so accurate?
We have many measurements for determination of a small number of parameters. 

What concept from linear algebra does that remind you of?



Advantages and limitations:
• What happens if you point a star tracker at Sun, 

Earth, or Moon?


• Do you need to know your location in order to use a 
star tracker?



• Star trackers

• Sun/Earth sensors 
• Horizon sensors

• Magnetometers

• Carrier phase differential GPS

• Gyroscopes

• Optical navigation (a little)

This lecture:





Can you think of any other tricks for determining the Sun vector, using 
infrastructure already on your spacecraft?



• Star trackers

• Sun/Earth sensors

• Horizon sensors 
• Magnetometers

• Carrier phase differential GPS

• Gyroscopes

• Optical navigation (a little)

This lecture:





• Star trackers

• Sun/Earth sensors

• Horizon sensors

• Magnetometers 
• Carrier phase differential GPS

• Gyroscopes

• Optical navigation (a little)

This lecture:



Fluxgate magnetometers
magnetically susceptible material driven coil of wire (AC)

measured output bias in proportion to magnetic field



Fluxgate magnetometers



• Star trackers

• Sun/Earth sensors

• Horizon sensors

• Magnetometers

• Carrier phase differential GPS 
• Gyroscopes

• Optical navigation (a little)

This lecture:



Reminder about GPS

d1 d2

d3

d4



Carrier phase differential GPS



• Star trackers

• Sun/Earth sensors

• Horizon sensors

• Magnetometers

• Carrier phase differential GPS

• Gyroscopes 
• Optical navigation (a little)

This lecture:



MEMS gyros



vibrating structure gyroscopes



Fiber-optic gyroscopes

Sagnac effect LN200 - Northrop Grumman



• Star trackers

• Sun/Earth sensors

• Horizon sensors

• Magnetometers

• Carrier phase differential GPS

• Gyroscopes

• Optical navigation (a little)

This lecture:



Sextant from Apollo
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