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1.0 Executive Summary 

 

1.1 Rationale 

As humans get closer to setting foot on extraterrestrial planets such as Mars, problems arise 

with communication times and with expense of exploration and settlement. The challenge is to 

design an autonomous system capable of acting as a solution for longer-term mining operations 

in those extraterrestrial environments. These operations are to support in-situ resource 

utilization, an important step in constructing manned off-world bases.1 

 

1.2 Project Description 

The 2015-16 Multi-Autonomous Robotic System (MARS) team’s goal is to contribute to the 

existing MARS project by implementing a terrain mapping system to allow the robots to traverse 

a field of obstacles. It is the purpose of this year’s design to locate all obstacles such that future 

teams can use the map to ultimately program the robot to navigate autonomously through the 

competition. The navigation software is not part of the terrain mapping solution. 

The system for terrain mapping will be attached to the MARS. The system is focused around the 

LIDAR sensor, which will need a specially designed mount that can change in inclination via a 

Servo Motor. A complete implementation of our solution includes the hardware mount to rotate 

the LIDAR, the hardware computing systems to support the LIDAR on-board the MARS and the 

software that receives, processes and plots data from the LIDAR. 

 

1.3 Technical Issues 

 

1.3.1 Computing Requirements 

A full scan of a field made by the LIDAR was calculated to approximately produce 1.98MB of 

data.2 The computer systems used will need to be able to handle that amount of data.  

 

1.3.2 Power Requirements 

The LIDAR requires a supply voltage of 12VDC +/- 10%, and supply current of 700mA or less 

(draws 1A on startup).3 The current Robot runs off of 14.8V lithium polymer batteries. A step 

down voltage regulator will be required to power the LIDAR. A Raspberry Pi requires 5VDC but 

the robot is already fitted with 5V voltage regulators.4 

 

1.3.3 Mechanical Requirements 

The LIDAR weighs 210 grams.5 A mount used with the LIDAR will need to be able to support 

that weight. The servo motor attached to mount will also need to support at least 150 N*mm of 

torque6 to be able to rotate the LIDAR as well as hold it steadily in place. The mount for the 

LIDAR also need to be light as well, since the NASA RMC has a weight requirement in place. 

                                                
1
 UP MARS Team, “2015 UP MARS Systems Engineering Paper.” 

2
 See appendix B for calculations 

3
 See appendix D for Lidar Manual 

4
 UP MARS Team, “Systems Engineering Paper.” 

5
 See appendix D for Lidar Manual 

6
 See appendix E for servo torque calculations 
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1.4 Open Issues 

Current open issues with this year’s project are the inability to test the system on a facility that 

resembles the NASA competition facility, and how the system will be integrated into the MARS 

project. The team last year had a test facility that they could use their robot in, but because of 

safety regulations it had to be taken down. The current team is in the process of contacting the 

head of construction on campus as well as contacting the provost in order to hopefully start the 

process of rebuilding a new test facility. To go along with not having a facility, one of the team’s 

project deliverables is to coordinate a local competition here at the University of Portland. In 

order to do this the team will need to have a testing facility to hold the competition. 

The second open issue is how the system will be integrated into the MARS project. The scope 

of this year’s team is to only create a terrain map that locates obstacles with 85% accuracy. If 

the project is left as is the robot won’t be able to use the map because it will not know what to 

do with it. So in order to integrate the system with the whole MARS project there will need to be 

some additional code written to use the terrain map with the robot. This will be left to be 

accomplished by a future team, since the goal of this year’s team is to only create the terrain 

map.   

 

2.0 Introduction 

The Multi-Unit Autonomous Robotic System is an ongoing project designed to demonstrate the 

feasibility of mining on Mars. The robotics senior design team’s project is to expand on the 

existing robots to improve them and provide a vital part of Autonomy.  Last year, the MARS 

Robotics team built two robots to work together to meet the requirements of NASA’s Robotic 

Mining Competition. This year’s team is improving the robots even more. At the end of the 2015 

spring term, the robotics club received a donation to put towards a Hokuyo LIDAR (laser 

sensor).  This year’s team is implementing this new piece of technology. 

The team’s mechanical engineer is creating a mount to hold the LIDAR securely on the robot 

that will allow the LIDAR to rotate up and down 90 degrees to take consecutive scans of the 

area surrounding the robot. This mount must protect the LIDAR while the LIDAR moves to 

gather scans. The mount must also allow for a 90 degree rotation to get scans of the entire 

arena for the best mapping results.  One challenge here is finding the best place on the already 

manufactured robot to place the mount and LIDAR. 

The LIDAR team (computer science and electrical engineers) will work with the LIDAR to scan 

the surrounding area and plot the data points gathered as a terrain map to help guide the robot 

through the arena. The terrain map will use filters to highlight where there are pits or 

bumps/rocks in the field that the robot will need to avoid.  It is important to have accurate data 

from the LIDAR so that the map is as accurate as possible and will best be able to be used to 

help guide the robot. 

The LIDAR terrain mapping system will address the problem the robot has of navigating the field 

on its own. The goal of the project is not to create an autonomous robot, but the terrain mapping 
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system will make this possible for future teams. By mapping where the obstacles are in the field 

it will tell the team where and how to navigate the robot to the mining area and regolith 

collection bin. By creating a mount that will allow the LIDAR to rotate 90 degrees, the LIDAR will 

get the most accurate scans, showing the entire arena. The goal at the end of the school year is 

to have a map that accurately shows where the obstacles are in the arena and that a human 

can easily decipher. 

 

3.0 Background 

 

3.1 Goal 

According to the 2015 Multi-Autonomous Robotic System (MARS) team, “The primary goal of 

the UP MARS project [is] to implement systems engineering processes to design a two device, 

cooperative, extraterrestrial mining system within the confines of the 2015 NASA Robotic Mining 

Competition (RMC).”7 The goal of the RMC is to mine as much Martian regolith simulant as 

possible in 10 minutes. Each team works to build a robot (or robots) to perform this task. Any 

team that can gather at least 10 kg of material in the allotted time is awarded points for various 

aspects of their design, including weight, size, and level of Autonomy.8 

 

3.2 High Level Description 

As mentioned before the system for terrain mapping will be attached to the MARS and will need 

a specially designed mount that can change in inclination via a Servo Motor. The LIDAR will be 

interfaced through a Raspberry Pi, which will also control the servo motor. The Raspberry Pi 

and LIDAR will be powered by the batteries attached to the robot. A 12V regulator will be 

required to power the LIDAR, and the Raspberry Pi will require a 5V regulator. See Figure 1 for 

additional details. 

 

3.3 Problem and Solution 

The specific problem of the project is to create a terrain map of the competition field. The terrain 

map will be able to locate all obstacles of the competition with 85% accuracy. Obstacles consist 

of both rocks and craters, as defined by the NASA RMC rulebook: “[Obstacles] have a diameter 

of approximately 10 to 30 cm and an approximate mass of 3 to 10 kg,” while craters will be “of 

varying depth and width, being no wider or 11 deeper than 30 cm.”9  The team will go about 

solving this problem by creating a terrain mapping system. The terrain mapping system includes 

the hardware mount that will be able to vertically rotate the LIDAR 90 degrees. The system will 

make one line scan to collect the data points, the mount will rotate a small amount10 the LIDAR 

and the system will take another line scan and collect the data. It will continue to do this until the 

entire field has been scanned. The data points will be collected into three different arrays of x, y, 

and z coordinates. The System is written in Python. By utilizing an open-source python data 

visualization library called matplotlib, the data gathered can be inspected visually. Matplotlib 

                                                
7
 UP MARS Team, “Systems Engineering Paper.” 

8
 NASA, “Rules and Rubrics.” 

9
 Ibid., 10. 

10
 Specific amount required for successful obstacle detection to be determined by testing. 
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allows for the three coordinate arrays to be passed into a scatter plot figure that will display the 

points as a 3D point cloud. 

 

 

 
Figure 1: High Level Design 

 

3.4 Current Condition 

Currently, the MARS is not autonomous; it needs to be controlled manually in order to function. 

The previous team due to financial constraints decided to focus on obstacle traversal rather 

than obstacle avoidance. However the eventual goal is to have an autonomous robot that knows 

where obstacles are in relation to itself. In order to prepare future teams for building an artificial 

intelligence that can navigate through the various obstacles, the current team needs to provide 

a terrain map that can show the location of rocks and craters. To achieve this, the robot will 

need a sensor to record data about the environment.  

 

3.5 Sensor Products 

Several sensors were considered by the previous capstone team. Stereo Vision, IR sensors, 

Structure sensor, and LIDAR. Stereo Vision and IR sensors were both relatively inexpensive; 

however both were unable to differentiate rocks and craters in the terrain. The structure sensor 

was decent at differentiating the obstacles; however its drivers were unstable. The LIDAR was 

very accurate at obstacle detection but was the most expensive. In the end, LIDAR was the only 
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sensor that would be reliable.11 Fortunately due to the research done by the previous team and 

a generous gift from Mrs. Shiley this year’s team is able to work with the best sensor option 

without exceeding the $300 budget provided.  

 

3.6 Mechanical Mounts 

Before going straight into designing a unique mount specifically for the project, the team 

decided it would be best to research some off the shelf options first. Some of the reasons for 

researching off the shelf options were to save time and to potentially save some money as well. 

However because the LIDAR is being used in such a novel way there are no off the shelf 

options currently available on the market. Therefore the team decided to design their own 

mount.      

 

3.7 Programming Language 

Last year, the previous team had built test code that went with the LIDAR, written in MATLAB. 

MATLAB is a useful tool since it has built in plotting libraries that could easily display data, as 

well as built in filter functions. On the other hand, the software used on the MARS was written in 

Python. It was found that MATLAB is more costly and difficult to get working on the current 

computer system of the robot, so Python was chosen. Since it is already used in the robot, 

Python is more compatible anyways, it just requires more work to be done in plotting and 

creating filters. 

 

3.8 Computing 

The current robot uses Raspberry Pis (small single board computer) configured in a ROS 

network as its onboard computer. In order to be compatible with the current system, Raspberry 

Pis were the computers that the team looked at for creating the LIDAR system. There were a 

couple potential Raspberry Pis considered, and those details will be covered in the following 

section. 

 

4.0 Analysis 

 

4.1 LIDAR Mount 

The goal of the LIDAR mount is to construct a prototype that will securely hold the LIDAR unit 

and successfully articulate the device in order for the LIDAR to generate a scan and map the 

terrain that lies in front of it. Initially, the LIDAR will be positioned on the mount for testing in 

order to take sample scans. Eventually, the goal is to attach the mount to the robot so that 

obstacles that are encountered can be avoided so the robot can successfully navigate across 

the terrain. The unit will be mounted to the robot in such a way that it can scan the area directly 

in front of the MARS robot. The mount will articulate with the optical window starting from a 

horizontal level of 0 degrees and rotate an angle of 90 degrees until facing directly downwards. 

This ensures that the entire field will be scanned in order to create an accurate map for the 

robot.12 The LIDAR weighs 210 grams, 9 the mount will need to be able to support that weight. 

                                                
11

 UP MARS Team, “Systems Engineering Paper.” 
12

 See appendix D for Lidar manual  
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The servo motor attached to mount will also need to support at least 150 N*mm of torque13 to be 

able to rotate the LIDAR as well as hold it steadily in place. The mount for the LIDAR also need 

to be light as well, since the NASA RMC has a weight requirement in place. 

 

4.1.1 Exploring Off-Shelf Options 

Off Shelf Options were explored, but none met the criteria for our project. Many of the mounts 

found did not include a rotational aspect to it, or only rotated in the horizontal direction. Because 

of the uniqueness of our project, an original mount had to be designed.     

 

4.1.2 Design Options 

Many design constraints for the LIDAR mount were investigated to meet the needs of the 

customer. Because the LIDAR is an expensive and fragile device, the most important constraint 

was that the LIDAR have a secure attachment to the mount. Initial options were investigated to 

hold the mount including a clamping mechanism. This idea came from the clamping mounts 

used for GoPro cameras. The benefit of this kind of system is that it would be adjustable and 

easily detachable. However, we felt this system did not meet the criteria of keeping the LIDAR 

secure. The initial clamping mechanism drawing can be seen below in Figure 2.      

       

 
Figure 2 - Mount Clamping System Sketch 

 

After exploring more attachment techniques, we found a new option of attaching the LIDAR. 

While observing the LIDAR device, we took note of four mounting holes located on the bottom 

corners of the LIDAR device. By utilizing these mounting holes, a more secure attachment could 

                                                
13

 See appendix E for servo torque calculations  



7 
 

be produced. The holes are sized to fit 4-M3 screws of depth 7mm. The idea was to screw the 

LIDAR to the mount so it could be firmly attached. This attachment also restricts the LIDAR from 

slipping left and right.  Because of this, it was decided that the mount design would include this 

attachment method. The four mounting holes located on the LIDAR can be seen in Figure 3 

below.14     

 
Figure 3 - LIDAR bottom view (mounting holes) 

 

It was also necessary for the mount to be designed so that the LIDAR would have a visible sight 

of the terrain and that nothing obstructed its viewing window. We wanted the LIDAR to be far 

away enough from the robot so that no electrical wirings got in the way. The LIDAR would have 

a full view of the terrain if the mount was connected to the robot by some sort of a lever 

extension. Although this design ensures that nothing obstructs the LIDAR, the extension would 

require a great amount of torque to rotate.  

                                                
14

 See appendix D for Lidar Manual  
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Figure 4 - Lever attachment mount option 

 

This design also brought up a question about scanning accuracy. If the LIDAR is rotating too far 

beyond its axis of rotation, the scan angles would not correspond with the physical angles of 

rotation of the LIDAR. For us, it was important that the torque required be as low as possible 

and that the LIDAR would be rotating as close to its center axis as possible. This led to the most 

recent design which can be seen in Figure 4. Drawings for this design can be seen in the 

appendices. The mount assembly which was modeled in SolidWorks consists of two parts. One 

part is fixed to the robot and extends out to provide supports from the servo. The second part, 

which will contain the LIDAR, rotates within the fixed part. Shafts extend through the fixed part 

allowing the part to rotate.  On one of the shafts, a C1 spline fitting is built where the servo 

motor will insert its gear.15 Holes were also created in the rotating part to screw the LIDAR in 

securely to the mount, as well as holes for the power and Ethernet cables. In this design the 

mount extends far enough so the LIDAR can attain a visible scan while also rotating close to its 

axis of rotation to minimize torque and increase scan accuracy.  

 
Figure 5 - LIDAR Mount SolidWorks Assembly  
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Table 1: Weighing Design Options 

Design Security Visibility  Torque  Accuracy  

Clamping 
System 

No No Average Average  

Lever 
attachment 

No Yes No No 

SolidWorks 
Design 

Yes Yes Yes Yes 

 

4.1.3 Servo options and specifications 

To rotate the mount, a Hitec HS 645mg servo motor will be attached to the outside of the mount 

driving the inside part of the mount. The purchase decision was made between the HS-645 and 

HS-422. The comparisons for these two servos can be seen in the table below. Because servos 

are generally cheap we decided that it was important to have a high factor of safety and decide 

on a quality servo with a high amount of torque so that we wouldn’t undergo any problems. 

Therefore, the HS-645MG was the desired servo choice. The maximum torque required was 

calculated as 150 N*mm so the HS-645 provides a high factor of safety. The torque for this 

servo is documented as 9.6 kg*cm15. The servos that were ordered have just arrived recently so 

scan testing will begin shortly to analyze the torque and accuracy of the servo.  

  
Figure 6 - Hitec HS-645MG and HS-422 Servo motors 

 

 

Table 2: Servo Motor Comparison 

Name Cost Metal Gears Torque 

HS-645MG $28.89 Yes 9.6 kg*cm 

HS-422 $9.69 No 4.1 kg*cm 

                                                
15

 RobotShop, “Announced Specification of HS 645MG.”   
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4.1.4 Manufacturing 

We also wanted to ensure that the mount design be simple, efficient, and manufactured at a low 

cost. Our first model of the mount is made out of wood. This prototype will be used for testing 

and demonstration purposes only because wood would not be a viable option on Mars. Two 

manufacturing options have been narrowed down for the final design of the mount. These 

include 3D printing the mount out of ABS plastic and CNC machining out of aluminum. Both of 

these manufacturing options are available and can be done on campus in Shiley Hall. Cost will 

be an important factor for the manufacturing decision. When making cost estimations, a 3D 

printed model would be much more expensive than a machined model. Based on the volume of 

material needed for the mount, a printed model made from ABS plastic would range from $35-

45. However, when machining out of aluminum it was projected to be less than $5 not including 

tooling. Although initially 3D printing was the desired option, because of cost, CNC would be 

more cost effective. In regards to material choice, the ABS plastic is more brittle than the 

aluminum which is more ductile. A small test part was recently made of the mount to test the 

servo attachment. The spline that corresponded to the servo gear was built into the mount but 

the teeth were too small for the machine to print. The shaft holdings for the servo on the mount 

also broke with minimal exertion which demonstrated how brittle the ABS plastic material was. 

Manufacturing is still a decision yet to be made as all the positives and negatives of each option 

are being looked into.    

 

Table 3: Manufacturing Option Comparisons 

Name Estimated Cost Material Quality Precision  

3D print $35-45 Plastic(brittle) Average  

CNC $10 Aluminum(ductile) Yes 

 

 

4.2 Electronic Design  

 

4.2.1 Single Board Computer 

In order to get sensor data, the project requires a Single Board Computer (SBC). The SBC 

needs to be able to interface with a Hokuyo UTM-30LX EW Line scanning LIDAR. This includes 

the ability to attach via Ethernet to the LIDAR. The SBC also needs to be able to be powerful 

enough to process the data quickly and have enough memory to store the data. As well the 

system needs to work well with existing systems in place on the MARS robot (e.g. ROS 

network).  

 

The team primarily considered Raspberry Pis, since the current robot already utilizes one and 

would make the system more convenient as well as cohesive. The team looked at the 

Raspberry Pi B+ and the Raspberry Pi 2 B. 
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 Figure 7: Raspberry Pi B+     Figure 8: Raspberry Pi 2 B 

 

Table 4: Single Board Computer Alternatives16 

Options Memory CPU Cost Compatibility 

Raspberry Pi B+ 512 MB 700 MHz Broadcom BCM2835 
CPU 

$32.08 Yes 

Raspberry Pi 2 B 1 GB 900 MHz quad-core ARM 
Cortex-A7 CPU 

$38.70 Yes 

 

Even with lower specs, the Raspberry Pi B+ was strongly considered since there was concern 

that the Raspberry Pi 2 B would have compatibility issues with ROS. However, upon learning 

that there were no compatibility issues the Raspberry Pi 2 B was chosen. While the Raspberry 

Pi B+ is slightly cheaper, the benefits of the Raspberry Pi 2 B far outweigh the cost difference. 

Having double the Memory and a 900 MHz quad-core processor will be very useful in handling 

lots of data quickly. The Raspberry Pis that were considered have ram from 512MB to 1GB. The 

computer system will also need to be fast enough to handle the amount of incoming data. A 

single line scan takes 25ms to occur on the LIDAR, and 30ms to send the data to the computing 

system.17 The LIDAR produces about 2160 Bytes per line scan, which comes out to be a little 

over 2KB. If the data is received at the very most every 30ms, then it would require the 

computer system to be able to handle 70KB18 per second. 

 

4.2.2 Programming Language 

The programming language needs to fit well with existing standards on the current robot as well 

as compatible with ROS.  

 

Some options considered were MATLAB and Python. MATLAB was considered since test code 

for LIDAR was written last year in MATLAB. MATLAB is extremely helpful with built in image 

processing filters and plotting data. However, MATLAB is not free software; a license is required 

                                                
16

Specifications obtained from Amazon 
17

 Freesteel Blog, "Hokuyo Laser Scanning for a Cave Eventually." 
18

 Speed = (2160 Bytes / 1 Scan)(1 Scan / 30ms)(1ms/.001s)(1KB / 1024 Bytes) ~= 70KB/s 
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to use it. Also, MATLAB only works on Intel or AMD processors, which the Raspberry Pi does 

not have. Python, on the other hand, is free to use. It is compatible on a Raspberry Pi and is 

what is already used on other parts of the UP MARS Robotics Project. Python does not have 

built in plotting libraries, but there is a plotting library, matplotlib, that can be downloaded and 

used with Python. Additionally, Python is a language that most of the team members are familiar 

with, which aided in the decision to use Python. 

Table 5: Programming Language Options 

Option Positives Negatives 

MATLAB Test code written in MATLAB 
from last year’s team 

License is required to use it. 
 

Built in image processing filters Not compatible with Raspberry Pi 

Python Free 

No built in plotting libraries Downloadable plotting libraries  

Team is familiar with Python 

 

4.3 Unresolved issues: 

Further action that could be taken is to implement a working artificial intelligence that navigates 

via the terrain map. This project would utilize the mapping software the MARS team develops. 

Implementing navigation and AI is not in the scope of this project. Additional actions could 

implement the LIDAR mapping to work as the robot moves, but for the scope of this project, the 

robot remains stationary as it scans. 

 

5.0 Schedule 

The Fall LIDAR Schedule is separated into five main sections, those being the MARS facility 

rebuilding, the LIDAR Hardware Mount, the LIDAR Software Solution, the Capstone Class 

Deliverables, and the Computing Requirements. You can find the schedule located at the end of 

the document in appendix C. That schedule is not limited to the five sections mentioned above 

but also includes other sections that are related to the MARS Robot through the Robotics club 

but not specifically related to the LIDAR Capstone project. 

 

At the beginning of the semester the current team got together to create the schedule, while 

doing this certain team members were assigned to be in charge of the five main sections. Lysa 

was assigned to the MARS facility rebuilding, Ben the LIDAR Hardware Mount, Taylor the 

LIDAR Software Solutions, Sully the Capstone Class deliverables, and Jaimiey the Computing 

Requirements. These assignments do not mean it is the sole responsibility of that team member 

to complete the tasks under those sections; it just means that they are responsible for making 

sure the milestones under those sections are completed on time. 
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For each section of the schedule there are certain milestones that are listed to be completed by 

the end of fall semester. As mentioned before one of the project deliverables is to hold a local 

competition on campus, therefore the team needs to have a facility by the end of the year when 

the competition is set to take place. The progress as of now for the MARS facility rebuilding is 

that there has been some contact with Paul Luty head of construction on campus as well as 

having sent a letter to Dr. Thomas Greene the Provost. The team is now waiting to hear back 

from them on whether or not the facility is something that will be completed in time to hold a 

competition.  For the LIDAR Hardware Mount the milestones for the fall semester are to define 

the constraints, explore off-the-shelf options, design brand new options, select a servo, make 

preliminary design reviews, finalize the design, complete a secondary design review, have a 

design review with Dr. Munro and manufacture or purchase the chosen design. The team is on 

track for the Hardware mount and has met all milestones through completing a design review 

with Dr. Munro and is in the process of manufacturing the final design. For the LIDAR Software 

solution the milestones for the fall semester are to explore the MATLAB code written by last 

year’s team, debug the MATLAB code, convert that code to Python, create an initial solution, 

refine that solution, and have a python revision design meeting. As of now the team is on track 

and has completed converting to python code, and is in the process of debugging the initial 

solution. For the Capstone Class Deliverables the assignments for the fall semester are the 

Draft Project Plan, the Project Plan Final, the Project Plan Status Report, the Project Budget, 

the Project Design Report Draft, the Project Design Report Final, Peer Evaluations, and Poster 

Presentation Materials. As of now the team is on track and has completed through the Project 

Budget and is working on the Project Design Report. For the LIDAR computing requirements 

the fall milestones are to have a full computer systems design. All milestones for Computing 

Requirements are completed and the team is on track.  

 

In addition to all the milestones scheduled for the semester the team also has weekly meetings 

every Monday from 3:00-3:30 with the team’s faculty advisors, a weekly team meeting every 

Monday evening from 6:00pm-8:00pm, as well as small group meetings with the hardware team 

and the software team which can vary in time/date from week to week. Lastly the team meets 

every other Friday with their industry advisor David Lanning. David Lanning has also scheduled 

some in person progress reports. The first Progress report is scheduled for Friday November 

20th, where the team will display what they have accomplished so far in the semester.  

 

6.0 Budget 

Each Senior Design team is allotted $300 at the beginning of the year to spend on their project, 

and if additional money is needed the team must submit a request to the Dean. The requests for 

any additional monies were due October 31st. The team calculated the amount of money they 

anticipated they would need for their project and decided that the $300 would suffice. The main 

cost of the project is the LIDAR. The LIDAR was purchased by last year’s team making the cost 

of this year’s project fairly low. Another aspect that keeps the project’s cost down is the fact that 

the project is heavily software based, and that the team members already have the software 

needed or the software is free. As of the now the team has spent $191.66 and has $108.34 left 

to spend. The items purchased so far are three 3-pin connectors, two 12-V step down voltage 

regulators, two raspberry-pi 2 model B’s, two servo motors, and two SD cards. The majority of 
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the rest of the team’s budget will most likely be spent on machining the hardware mount and 

machining any additional versions of the mount design that the team may need. The team may 

also purchase a license to the RoboRealm software. RoboRealm allows you to apply a filter to 

images and videos. This will allow the team to look at different possible filters that they may 

want to incorporate into the project without having to code all of them. If for some reason the 

team does need more than the 300 dollars there is a possibility to receive some funding from 

the Robotics Club because the LIDAR project is a small aspect of a larger project of the 

Robotics Club.  

 

Table 6: Purchased Items to Date 

Vendor Name Quantity Total Cost 

Newegg 3 pin Connectors 3 $11.55 

Pololu 12V Step Down Regulators 2 $18.93 

Amazon Raspberry Pi 2 Model B 2 

$103.40 
SD Card 2 

RobotShop Servo Motor 2 $57.78 

Totals: 11 $191.66 

 

 

Table 7: Anticipated Future Purchases 

Item  Anticipated Cost 

Machining hardware mount $10 

Additional hardware mounts $30-40 

Academic RoboRealm License  $39.95 

Cases for Raspberry Pi 2s $17.46 

Totals: $97.41 – $107.41 

 

7.0 Conclusion 

The MARS senior design team is working to put together a working terrain mapping system 

using the Hokuyo LIDAR to help guide the robot and eventually to help make the robot 

autonomous. The project is on track for a successful finish, although there are several 

challenges that need to be overcome and that have already been overcome. 
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There are some issues when it comes to manufacturing the mount such as what exactly the 

best way to manufacture it would be.  Cost, speed, and reliability were all important factors to 

consider when deciding a manufacturing method.  

Already, the team has overcome some issues with decoding the data from the LIDAR’s scans to 

output to a map.  The success the team has already had with decoding the data from the LIDAR 

and plotting data point from that data shows that the design decisions already made have 

proven successful. Once testing begins for multiple scans at a time, there will likely be 

challenges with the amount of data the LIDAR sends to the computer and the Raspberry Pi’s 

ability to handle the amount of data. There will also be challenges verifying that the data is being 

displayed correctly on the terrain map, which will be done via extensive testing.  

Once the data is displayed correctly, the control team will work to apply different filters to show 

where on the map there are obstacles to avoid. This project has been and will continue to be a 

challenging project for the team, but with hard work the project will be successful.   
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Appendix A - Mechanical drawings for use in manufacturing process 

 
Figure A1 - The hinged part of the mount 
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Figure A2 - The fixed part of the mount 
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Appendix B - Computing Requirements 

 
Figure B1 - Initial calculations for single scan of field 
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Appendix C - Fall Semester Schedule 

 
 

Figure C1 – Team Schedule for Fall Semester 
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Appendix D - Hokuyo UTM-30LX-EW LIDAR Manual
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Appendix E - Servo Required Torque Calculations  

 

 
 

 

 

 

 

 


