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In comparison to traditional satellites, nanosatellites provide a cost-effective and 
time-sensitive avenue to collect atmospheric data. By reducing cost-related barriers to entry, 
nanosatellites have also made space research accessible to a wider audience in recent years. 
Nanosatellites have already found many promising applications in Earth’s atmosphere. Because 
of this, the prospect of designing a CubeSat experiment for the environment of Mars captured 
our team’s interest. Our team members’ interdisciplinary backgrounds in electrical engineering, 
computer engineering, and the physical sciences lends itself to a holistic evaluation of the 
challenge objectives. After considering the possible applications of the given ArduSat sensors, 
our team proposes that an effective use of the ArduSat would be to study the atmospheric density 
and concentration of airborne dust particles in the lower atmosphere of Mars. 
 

Understanding these parameters is critical for several reasons. First, spacecraft 
approaching Mars often utilize a technique known as aerobraking1, whereby atmospheric friction 
is used to slow and reorient the spacecraft during descent. According to a NASA report2, among 
the largest uncertainties to be mitigated when landing a spacecraft on Mars are atmospheric 
density and wind profiles, as Mars’ atmosphere is “highly variable and not well characterized”. 
Abrupt changes in atmospheric density create a so-called “pothole-in-the-sky” effect2, which 
disrupts the flight trajectory of the spacecraft. To prepare Mars for human exploration and/or 
settlement, it is essential to have detailed and up-to-date measurements of atmospheric density. 
 

Secondly, dust particulate concentration in the lower atmosphere is closely linked to 
atmospheric density. It is also important because the dust distribution offers a lens to study wind 
patterns that similarly affect spacecraft trajectories. Dust patterns also provide a lens for studying 
the climate and geology of mars. Dust reduces the amount of sunlight that reaches the planet’s 
surface, and it contributes to erosion. Scientific equipment that relies on solar power will obtain 
less energy during heavy dust conditions, such as the dust storms that regularly occur in Mars’ 
lower atmosphere. For these reasons, coupling particulate and atmospheric density measurements 
provides a more complete representation of Mars’ atmospheric conditions.  
 

The primary sensor used to determine atmospheric density will be the accelerometer. 
From the accelerometer reading, we can derive the component of tangential acceleration that 
does not include the acceleration due to gravity. From this acceleration measurement and known 

values, we can calculate the atmospheric density3 using the equation , where a = 



acceleration, ρ = density, Vi= velocity of atmospheric molecules, Cd = drag coefficient, Aref = 
reference area, and M = satellite mass. Examples of past experiments that have used 
accelerometers to measure atmospheric density include the Mars Pathfinder atmospheric 
structure/meteorology experiment4 and the Mars Global Surveyor Mission5. Using a network of 
ArduSats in lieu of larger spacecraft provides a more cost-effective method to characterize large 
areas of the lower atmosphere, as multiple small satellites can cover larger areas more quickly 
than a single orbiter.  
 

The atmospheric dust concentration will be measured by the luminosity and RGB 
sensors. In high dust conditions, less light will reach the luminosity sensor, and the RGB sensor 
will measure any reddish-brown tinge the dust brings to the air. To corroborate the luminosity 
and RGB sensors’ approximation of particulate concentration, the temperature sensor will be 
used to monitor the surface temperature of the ArduSat. This relies on the hypothesis that 
increased particulate matter in the atmosphere will create friction, which will heat the surface of 
the ArduSat. 
 

The Arduino IDE will be used for coding, and the ArduSat eHub will be used for data 
visualization and analysis. We will create a scatter plot of the luminosity sensor/RGB readings 
versus the calculated atmospheric density, and analyze with a regression model, to evaluate the 
hypothesis that particulate concentration and atmospheric density are positively correlated. As 
the satellite orbits Mars, we would hypothetically record the atmospheric density according to 
the position of the satellite, ultimately characterizing the atmospheric density profiles over 
varying times and regions within the lower atmosphere. Our team looks forward to the 
possibility of implementing this experiment and working with the ArduSat hardware at the 
upcoming hackathon. 
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