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Abstract

Why Laser Communications?

• There are significant performance and security benefits in an optical system

• Narrow signal beam width makes interception by an adversary difficult

• Energy and cost savings with a focused beam 

• Higher data rates and lower bit error rates in the optical. infrared 

spectrum

Research

The low energy requirement and high data rate make optical 

communication extremely attractive for space based communication. 

This research project intends to develop, build, test, and eventually fly,  

two 6U cubeSATs each with a  3U optical payload capable of 

communicating over a 1 kilometer distance at Gigabit speeds. 

Results are still under investigation, however an engineering 

model of the 3U transmitter and receiver optics have been designed 

and built. The  electronics for the laser source are being fine tuned and 

testing will be conducted once ready. 

Theoretical / Conceptual Design

Materials

Methods

Data / Observations

• The results from last year's demonstrations were replicated. This 

involved integrating the FSM, PSD,, and the receiving collimator so 

that the FSM can accurately keep the beam pointed into the 

receiving collimator even when the incoming beam is moving. The 

pointing error  was simulated using a servo motor powered gimbal. 

• The data incoming from the PSD was erratic, so an averaging filter 

was added in order to smooth the signal, thus increasing control 

stability.

• The collimated receiver design which utilized a 3-D printed part 

which acted as an anchor for the rest of the optical components and 

in turn caused it to lack variability

• The focusing beam receiver design necessitated the use of a 3U 

space but had greater simplicity because it used fewer lenses

Images

• This plot shows how the 

movement of the FSM in the x 

and y axes affected the 

position of the beam on the 

PSD

Conclusion

• The work done by the Laser Communications team is currently 

making the transition from small-scale breadboard testing to 

engineering models that can be used to test the feasibility of various 

designs. Work will continue to refine these designs with data until a 

blueprint for a flyable payload and CONOPS are fully designed.If the 

designs meet the requirements for flight, the project will move into 

the building of the flyable payload if funding is available.
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• 3-D printed Cage structure

• Receiving and Transmitting Collimators

A Matlab plot of 
theoretical 

divergence was 
modeled on the 

basis of  
Gaussian 

distribution. 
Small vs. Large 

Divergence

Matlab

Zemax plots 
identified focal 

lengths and 
intensities of the 

laser given 
optical 

specifications of 
lenses it passed 

through.

Zemax

Solidworks 
models 

illustrated the 
arrangement of 
the components 

to satisfy 
Zemax 

constraints.

Solidworks

COTS 
components 
were placed 
to match the  
Solidworks 

model to allow 
for testing of 
the design.

Application

• This plot shows how the 

signal strength was affected 

by gimbal movement in the x 

and y axes.

● Theoretical Receiver/Transmitter Size

● Optical components to yield greatest intensity in least amount of space

● Distances between optical components to maximize efficiency

● Whether COTS or house-developed designs were better for alignment 

• The image shows the final design 

of entirely COTS components with 

receiver aperture to the left and 

transmitter aperture on the right.

• The image shows the first 

receiver design with 3-D printed 

structural Fast Steering Mirror 

cage system built in-house.

● Matlab optimization of losses found the least amount of link margin loss at the 

0.4 mm transmitter size. Counterintuitively, a smaller initial beam size causes 

more beam divergence downstream with a gaussian beam

Light intensity gradient at 

transmitter as a percentage of  

the max. Upper left Quadrant Beam Acquisition Link Budget

● The design for acquisition at a kilometer requires a beam radius at the 

target receiver of approximately 1.25 meters. The number is a 

compromise between minimization of space loss and pointing loss in the 

link budget. For short range testing and component checks a 45 mm 

transmitting beam is being used. Later stages of the project will progress 

to a beam with a size spread closer to 1.25 meters at the target.
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