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Laser Scan Pattern

When choosing a scanning method for the LiDAR, the Palmer scan pattern was decided 
on due to its ease of fabrication and affordability. Rotating polygonal, and even cubic, mirrors 
were expensive and even buying multiple smaller mirrors to make our own rotating 
polygonal/cubic mirrors were more expensive than buying a single mirror. The fiber scanner 
involved the extra cost of the fibers which also made it a more costly option. The Oscillating 
mirror scan would require the same mirror that the Palmer scanner would use so it was a viable 
option in terms of price. The Palmer scanner would be easier to work with though since it can be
set to a constant rpm. This makes it easier to obtain the laser pulse direction by comparing the 
time of a laser pulse to the amount of time that has elapsed since the mirror had begun rotating.

Galilean Beam Expander

To control beam divergence to be within optimal range, 
the Galilean beam expander will be employed. This can
be achieved by controlling certain laser parameters, 
namely the output beam diameter, as can be seen in 

the equation: 
DO
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=
θ I
θO

 where DO is the beam’s output 

diameter, DI is the beam's input diameter, θI is the input
beam divergence, and θO is the output beam 
divergence. If the laser has a set beam divergence then
the output beam divergence can be changed based on 
the distance the image lens is from the laser source 

and the distance between the objective lens and the image lens. 
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The distance between the image lens and the laser source determines the input 

diameter following the equation: D I=DS+L1 tan (2θ I )  where DI is the beam's input diameter, DS 

is the laser source diameter, L1 is the distance to the laser source, and θI is the input beam 
divergence. The distance between the objective lens and the image lens can be used to 
calculate the output diameter following a modified version of the previous equation:

DO=DI+L2 tan (2θ IO) where DO is the output diameter, DI is the input diameter, L2 is the 

distance between the objective lens and the image lens, and θIO is the beam divergence angle 
produced by the image lens.
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Mirror Heat Transfer

A heat transfer analysis on a rotary mirror set at 5oC was conducted as a reference point for 
potential spring temperatures in Northern Texas. Further analysis will be necessary with warmer
temperatures for Southern Texas. Much colder temperatures will be required for Alaska but 
since it will be very cold the analysis probably won’t be necessary.

Base Station Antenna

A larger antenna for the base station is currently being looked into. This will be used to match 
the range that it’s able to communicate with the rover to that of the Drone’s range. The base 
station doesn’t have the same set of constraints as the rover since it can be used in a vehicle. It 
won’t need to conform to any weight requirements or take the temperature into account (just 
turn on the heater if it’s too cold or AC if it’s too hot). A larger antenna could be placed outside 
of the vehicle, possibly on the roof, for further communication range. One of the Remote 
Sensing teammates are planning to get a Ham license over winter break to legally operate the 
base station.

3



4



Risk Assessments
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LiDAR Requirements/Parameters
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