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1. Definition of the Problem 

The central challenge of our project is to develop a robotic system capable of exploring and 
identifying optimal locations on Mars for growing plants. Mars' environment poses numerous 
challenges, including extremely low temperatures, high radiation levels, and limited water 
resources. These factors make it critical to identify areas with conditions conducive to plant 
growth (1, 2). Solving this problem is essential for sustaining human life on Mars, providing 
future astronauts with food, oxygen, and a renewable life-support system (1). 

 

2. Plan for Solving the Problem Computationally 

To address this problem, we are employing a systematic, computational approach: 

Robotic Design and Sensor Integration: CyberBot robots are equipped with advanced sensors 
to collect data on critical environmental factors such as soil composition, temperature, humidity, 
and radiation levels (4). 

Data Analysis Algorithms: We are developing algorithms to process environmental data 
collected by the robots. These algorithms identify patterns and determine the best locations for 
plant growth by considering soil quality and microclimatic conditions (3). 

Simulation and Testing: We simulate Martian-like environments to test and refine the robots' 
programming and adaptability. The robots will also experiment with water delivery systems and 
soil amendments to determine the most effective methods for sustaining plant life (1, 5). 

Iterative Improvement: Data collected from testing cycles will be used to iteratively improve both 
the hardware and computational models to ensure the robots can adapt to the harsh conditions 
of Mars (4). 

 

3. Description of the Progress Made to Date 

Algorithm Development: Developed the first iteration of data processing algorithms, which 
analyze simulated environmental data to identify potential plant growth areas . 



Simulation and Testing: Conducted initial tests in a controlled environment simulating Martian 
soil and climate conditions. Preliminary results showed the robots successfully navigating the 
terrain and collecting relevant data. 

;; Define the environment and robots 

globals [ 

  data-collected     ;; Amount of data collected by robots 

] 

patches-own [ 

  soil-quality       ;; Soil quality value for each patch 

  temperature         ;; Temperature value for each patch 

  is-obstacle         ;; Whether the patch is an obstacle 

] 

turtles-own [ 

  data-capacity       ;; Capacity of the robot to collect data 

  efficiency          ;; Efficiency of the robot in collecting data 

] 

;; Setup procedure 

to setup 

  clear-all 

  setup-patches 

  setup-robots 

  reset-ticks 

end 

;; Setup patches (Martian environment) 

to setup-patches 



  ask patches [ 

    set soil-quality random 100        ;; Soil quality ranges from 0-100 

    set temperature random 100         ;; Temperature ranges from 0-100 

    set is-obstacle (random 10 < 2)    ;; 20% of patches are obstacles 

    if is-obstacle [ 

      set pcolor red                   ;; Mark obstacles in red 

    ]  

    if not is-obstacle [ 

      set pcolor scale-color green soil-quality 0 100 ;; Soil quality visualization 

    ] 

  ] 

end 

;; Setup robots 

to setup-robots 

  create-turtles 5 [                   ;; Create 5 robots 

    setxy random-xcor random-ycor 

    set data-capacity 50               ;; Each robot can collect 50 units of data 

    set efficiency random-float 1     ;; Efficiency ranges from 0-1 

    set shape "robot"                  ;; Set shape of the robots 

    set color blue                     ;; Color robots in blue 

  ] 

end 

;; Simulation step 

to go 



  ask turtles [ 

    navigate-terrain 

    collect-data 

  ] 

  tick 

end 

;; Robots navigate terrain 

to navigate-terrain 

  if not can-move? 1 [                 ;; If a robot encounters an obstacle 

    right random 90                    ;; Turn a random direction 

  ]  

  forward 1                            ;; Move forward 

end 

;; Robots collect data 

to collect-data 

  let current-patch patch-here 

  if not [is-obstacle] of current-patch [ 

    let collected (efficiency * ([soil-quality] of current-patch + [temperature] of current-patch) / 2) 

    set data-collected data-collected + collected 

    set data-capacity data-capacity - collected 

    if data-capacity <= 0 [            ;; Stop collecting if robot is at full capacity 

      die 

    ] 

    ;; Visualize collected data 



    ask current-patch [ set pcolor yellow ] 

  ] 

end 

;; Stop condition 

to-report all-data-collected? 

  report count turtles = 0 

end 

How to Use 

Setup: Click the Setup button to initialize the environment and robots. 

Run: Click Go to start the simulation. The robots will navigate the terrain, avoid obstacles, and 
collect data on soil quality and temperature. 

Visual Indicators: 

Red patches represent obstacles. 

Green patches represent soil quality. 

Yellow patches indicate where data has been collected. 

Stop Condition: The simulation ends when all robots have reached their data capacity. 

This code creates a simplified model of testing CyberBot robots in Martian-like conditions and 
evaluates their ability to navigate and collect environmental data. Let me know if you’d like any 
refinements or additional features! 

4. Expected Results 

By the project's conclusion, we aim to achieve the following: 

Develop a robotic system capable of autonomously identifying optimal locations for plant growth 
in Martian-like environments. 

Generate data that validates the feasibility of growing plants under simulated Martian conditions. 

Demonstrate the effectiveness of water delivery systems and monitor plant health using robotic 
interventions . 



Provide a proof-of-concept for integrating robotic systems into future Mars missions, paving the 
way for sustainable human colonization . 
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