



PueoSat Week 6 – Communications + Attitude & Determination Control
· What is the core function of the Communications (COMM) subsystem?

- Transmit/receive commands and data to/from ground station.
· A COMM subsystem is typically composed of the following elements:

- Transponders, antennas, amplifiers, and modulators
· Consider the following frequency ranges (HF in each case meaning ‘High Frequency’):
                   HF             <          VHF (Very)         <        UHF (Ultra)        <         SHF (Super)
…     3 - 30MHz            30MHz – 300MHz         300MHz – 3GHz             3GHz – 30GHz    …
Signals with frequencies below the HF range are termed ‘surface waves’ and travel around the curvature of the earth (due to reflection), whereas signals with frequencies above this range are able to penetrate the atmosphere and travel into space.  This is why communication between a satellite and ground station is predominantly done with frequencies above the HF range.  


Since the signals are traveling long distances between the satellite and ground station, the signals will be attenuated; this is where amplifiers come into play.  Before one element sends a signal back to the other, the signal is strengthened by use of an amplifier (Figure 2).

· Why is amplification necessary?

In the digital world, systems are programmed to interpret a logical 1 if the voltage is above a certain threshold.  Without having our signals at the right amplitudes, we can be certain that our commands relayed to and from the satellite will be interpreted incorrectly!

· An antenna is an arrangement of conductors which transmit and receive electromagnetic (EM) waves.  An electrical current is converted to an EM wave, which is the transmitted to the receiver, and converted back to an electrical signal to be interpreted by the system.
· A transponder (different from a transceiver!) is a device which responds to interrogation without human intervention.  It will receive a command and respond with certain information.  Consider an airplane being monitored by air traffic control (ATC).  ATC is constantly interrogating the plane via transponder to know pertinent information such as the plane’s location and altitude.
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                 Figure 1 - Frequency and Amplitude Modulation
         Figure 2 – Signal amplification done by amplifier
· What purpose does the Attitude Determination and Control subsystem (ADCS) serve?

· The ADCS determines the satellite’s exact attitude and, if necessary, controls the satellite into a desired position.
· An object’s attitude is the orientation of its three principal axes with respect to a reference plane.
· The ADCS is made up of two components that perform these functions: sensors and actuators.
· Classical mechanics helps us solve a lot of problems related to keeping a satellite stabilized.  What are some of the reasons you might need positional stability for your satellite?

· Monitoring a hurricane (as we mentioned in Week 2)

· Recharging batteries during period of sun exposure
· Communicating with ground station

· There are a variety of devices which help us determine the satellite’s attitude.  These can be considered as the sensors:
· Gyroscope

· Horizon Sensor
· Sun Sensor

· Magnetometer

· Once the ADCS sensors have determined the satellite’s attitude, the actuators are used to manipulate the satellite to a more desirable attitude, if necessary.

· With respect to the ADCS, an actuator is simply a device which performs a mechanical action in response to a command or signal from a computer.
· Some actuators that are typically seen today are:
· Thrusters (these are most common)

· Reaction wheels (as you may have noticed on the EyasSat)

· Solar sails

· Gravity gradient stabilization
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               Figure 3 – Magnetic field of earth                             Figure 4 – Classical Gyroscope
