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Methods 
The main aspect of this project is to determine the 
feasibility of creating a hyper spectral instrument on a 
miniaturized scale. A Cubesat unit is 10cm x 10cm x 
10cm. This is the goal size of the instrument while still 
gaining the desired spectral and spatial resolution. 
Several Cubesat units can be ajoined to allow for larger 
payload, but these compartments would just be used 
for attitude control and power supply. 
 
Mission Design Requirements: 
• 30m x 30m  ground resolution 
• Altitude of ~ 200km (LEO) 
• No larger than 1 unit length on CubeSat 
• Operating wavelengths between 500-600nm 
• 8 mega Pixel Camera 
• Mission Life of 3-5 years 

 
Using a space mission design manual specifically for 
imaging instruments, along with several previous and 
currently active research designs, this instrument has 
been designed to meet the above requirements and a 
prototype in a lab setting is still in process. Below is the 
basic design being followed to develop a hyperspectral 
imager of this nature.  

 
 

 
 
Hyperspectral Imager Design: This is a schematic of 
the design to develop the instrument described in this 
project. The elements of the design, from left to right 
are an imaging lends, a square slit, a collecting lens, a 
diffraction grating, a re-imaging lens and a sensor. The 
re-imaging lens and sensor are aspects of a common off 
the shelf camera. In the  design for this project, there 
may also be a band pass filter placed after the collecting 
lens to limit the output to the desired wavelength. 

Abstract 
The goal of this project is to develop a miniaturized 
hyper-spectral imaging instrument that could be 
integrated within a CubeSat to provide orbital 
observations of Lake Erie algae blooms from a low 
earth orbit.  This project will be used to identify the 
creation of algae blooms in Lake Erie. This project will 
be able to provide data for years with little to no 
additional cost other than the initial development and 
launch. This could lead to identifying the cause of the 
blooms and possibly ways to eradicate these blooms in 
the future. 

Findings 
The primary stage of the project required much design 
and planning for the instrument. During this process a 
computer filter was created to attempt to simulate the 
results of isolating the wavelengths of the algae bloom. 
 
 
 
 
 
 
 
 
 
Original and Filtered images of Algae Blooms in lake 
Erie are shown above. The filter was created using the 
picture imaging tool box in Matlab. It is meant to 
simulate the process the actual image goes through 
when it is sent through and collected in a hyperspectral 
imaging instrument.  
 
Based on calculations from the mission design element 
of the project, such an instrument is possible to design.  
 
This result is based on assumptions made and ignores 
some important aspects of space mission design. These 
include atmospheric corrects to data acquired, 
instrument functionality in harsh environments, 
attitude and point control accuracy for imaging. 
However, with advancing technology an instrument of 
this nature should be developed in the near future and 
used to image the algae blooms from orbit. 

Theory 
Hyperspectral imagers are used for identifying specific 
types of materials. Different materials can be isolated 
and identified depending on the design parameters of 
the instrument. The data set that is created from such 
an instrument is call a hyperspectral cube. An example 
of this cube is below 
 
 
 
 
 
 
 
 
 
 
 
This image is processed by collecting the desired area 
in a collection lens, passing it through a slit, sending it 
through an second lens, then a diffraction grating to 
isolate the wavelengths and finally collecting a single 
line of spectral and spatial data with a regular camera. 
These types of instruments are categorized by both 
spatial and spectral resolution. 
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Hyperspectral cube: data 
is collected and complied 
into a cube. This output is 
a 3D cube with the axes 
being spatial by spatial by 
spectral going back on the 
z axis. The coloration 
added is to identify the 
highest concentration 
wavelength in each spatial 
plane 


