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Abstract—The Autonomous Soil Analysis Unit (ASAU) is 
designed for the use of the NIU Mars Rover Club; however, its 
applications span across many different fields. The purpose of 
the ASAU is to make the collection and analysis of soil samples 
autonomous and reliable. The ASAU employs multiple ideas and 
components to complete its goal and displays versatility in doing 
so. This prototype version of the ASAU is built so that sensors 
can be replaced to accommodate exactly what the user needs.  

I. INTRODUCTION  

Engineers are often diagnosed as introverts- focusing 
solely on their sphere of work. However, if the conversation 
between engineers and scientists became commonplace, 
technology could transcend past societal expectations. The 
birth of the first Mars Rover set the example for merging 
scientific research, mechanical design, and electrical 
innovation.  

The Northern Illinois University Mars Rover Team is a 
robotics team that designs, manufactures, and analyzes an 
autonomous robot for the University Rover Challenge 
(URC). This international competition will test the 
capabilities, endurance, intelligence, and strength of the 
rover through several tasks. The Autonomous Soil Analysis 
Unit will focus on the science portion of the URC challenge- 
committed to finding traces of extinct or extant life.   

The system must autonomously collect soil along a 
prescribed path, transfer the soil onboard, and study the 
sample using sensor instrumentation or chemical analysis. 
The capabilities of the rover extend past interplanetary 
examination and into agricultural development- 
exemplifying the value of engineering design through 
scientific background. ASAU merges the action of collection 
and investigation into a single mechanism. 

  The autonomous system can provide a solution to a 
lengthy and costly process that involves agricultural workers 
sending soil samples into labs for testing. The ASAU will 
grant farmers the ability to test soil samples themselves, 
search for suitable information pertaining to their needs, and 
eliminate the time-consuming process that is currently in 
place.  

 

 
 

Figure 1: Full Model of ASAU 

II. METHODS AND MATERIALS 

The ASAU has three distinct subtasks integrated into one 
system to satisfy the main goal of collecting and analyzing 
soil samples. The three subtasks - soil collection, 
distribution and analysis- have been designed to work as one 
fluid, intelligent machine.  

A. Soil Collection 

The actuation system is comprised of a heavy series 
timing belt pulley system mounted to two pillars of 15 series 
extruded aluminum. An H-series timing belt and mating 
heavy duty timing pulleys allows stability and control of the 
gantry plate through actuation. The trapezoidal teeth of the 
timing pulley and belt system provides high positional 
accuracy, power transmission, and durability.   

The actuation system is attached to an assembly 
containing an auger and driving motor. The auger assembly 
is raised and lowered to collect and provide soil samples 
into the soil distribution subtask section. The auger 
assembly is comprised of mostly solid Acrylonitrile-
Butadiene-Styrene (ABS) 3D manufactured parts with 
pieces of sheet metal to provide added reinforcement.   

 
 



 
 

B. Soil Distribution 

Once soil is collected in the auger assembly, the auger is 
raised above a soil collection cup.  The auger acts as a screw 
conveyor that will release ample soil that will be tested.  
The soil collection cup includes a track mechanism that 
allows the cup to move from the collection area, into the 
analysis area, and then finally deposits the tested sample 
into a waste bin.  The track mechanism allows the cup to 
deposit the tested sample in a way that is efficient, without 
the use of extra motors.  The collection cup, as well as the 
soil distribution track are 3D printed out of solid ABS 
material.   
 

 
Figure 3: Track and Soil Collection Cup 

 

C. Soil Analysis 

The analysis subtask section of the ASAU will contain 
two sensors: a soil moisture sensor and an environmental 
combo sensor. The environmental combo sensor will test for 
total volatile organic compounds, CO2 concentrations, 
temperature and humidity of the soil. These tests are only a 
small fraction of the possible data the design could collect- 
with the right adaptation of sensors and programing. The 
sensors incorporated to the analysis subtask will be mounted 
above the soil distribution track on an acrylic base. Soil 
Analysis is completed using an Arduino Uno, a Nema 17 
motor, a DM542S motor driver, a solenoid linear actuator, a 
24V power supply, and the soil moisture and environmental 
combo sensors. 
 

III. APPLICATIONS 

The ASAU is designed primarily for the NIU Mars Rover 
Club’s use for the University Rover Challenge.  However, 
the system can be implemented for an agricultural and 
scientific setting as well. 

A. Agriculture  

Pesticides, unruly compounds, and loss of nutrition 
could ruin a field of crops if it is not ritually surveyed. 
ASAU, with the full capabilities of the Rover, can 
autonomously survey land with prescribed GPS coordinates, 
collect and reject soil samples, and provide meaningful data 
about the land. Data can then be streamlined and archived 
directly to a personal device for instant results and history 
accumulation. With a proper Graphical User Interface, a 
user would be able to see the biological parameters of the 
land change over time. 

B. Scientific Research 

Just as NASA tests for specific compounds or signs of 
life on extraterrestrial planets, the ASAU can act as a 
primary tool in geological and biological research- with the 
relevant sensors attached. The ASAU can be adapted to test 
for minerals for mining purposes, detect specific organisms 
for biological research, evaluate environmental conditions 
within unhabitable spaces, or anywhere in between. The 
performance of soil collection and analysis does not require 
human intervention, leading to an easier investigation of 
unsympathetic territory.  

IV. CONCLUSION  

The ASAU can be used in a wide range of applications- 
merging multiple fields of study and allowing greater 
harmony between scientific and mathematical researchers. 
This prototype design provides a basis for the NIU Mars 
Rover Team to build from, learn from, and encourage 
further creative advancements to the design.  The Mars 
Rover Team has collected the fundamental research to 
extend the design past sensor basics and their future 
advancements leave great promise to the success of NIU 
student organizations. With recent developments and 
newfound excitement in space exploration, testing soil can 
lead to evidence of life on other planets- such as Mars.  
Perhaps, in some time, humans can even combine the task 
of agricultural and space exploration when the human 
species establishes civilization elsewhere.  
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Figure 2: Auger Assembly 

 


