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ABSTRACT. Sending humans to other worlds is very costly and dangerous so first voyages are 
often made by machines.  While machines are very cost effective they must be capable of 
performing many tasks in an environment where help may not be close or on the same planet 
at all. Our closest terrestrial body, the moon, is around 238,857 miles away and takes about 
eight seconds to send a message making remote control of these machines difficult and slow. 
Our approach is to have the system be completely autonomous and absent of human control. 
To accomplish complete automation, the first problem is to have the system navigate the 
terrain. This system is equipped with a stereoscopic camera and a visual frequency scanning 
laser to provide a robust sensor system for object detection and obstacle avoidance. In 
combination the stereoscopic cameras and the scanning laser can define the surrounding 
environment in very high detail, enabling the system to easily navigate through it. The 
implications of this technology could lead to less costly EVAs, lower risk to personnel, and 
ground level navigation and mapping of extra terrestrial terrain. 
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1. INTRODUCTION 
 

Exploration of extra terrestrial bodies is a difficult task. Even while living on earth we find new and 

interesting features every day. To get a good idea of the features of other worldly bodies it is beneficial 

to have a perspective from the ground. In this text a planetary surface exploration device will be 

introduced. The project is intended to align with the vision of NASA’s planetary colonization efforts in 

that it will be an initial explorer that will help find a proper location for colonization. There are many 

challenges that the project forced our design team to overcome as well as technical specifications that 

must be met. 

2. PROBLEM STATEMENT 
 

The purpose of this research was to develop an autonomous system capable of navigating the lunar 

surface. To accomplish this goal some requirements set were to be met.  

 

1. The system must be able to detect detrimental features of the lunar surface. Two major obstacles 

were presented as common impediments: positive obstacles such as rocks or mounds and negative 

obstacles such as craters and canyons.  The system must be able to detect, at minimum, these two 

features. To detect these objects the system must be equipped with a stereoscopic camera system 

and a visual frequency laser range finder. The camera system should be able to use visual 

processing techniques to identify both positive and negative obstacles.  

2. The system must be able to maneuver around the detected features avoiding collision when 

necessary. This must be done with the consideration of other obstacles that may be detected while 

avoiding another. The system must negotiate the terrain in a flexible and adaptive fashion. 

3. The final challenge was that the system must be completely autonomous. No human input other 

than “power on” can be given. It must be able to do all of the things mentioned above without 

human intervention. 

3. DEVELOPMENT LIFECYCLE 
 

3.1. SOLUTION IDEAS 

Development of a system such as this is not a straight forward path. Many ideas are formed and 

discarded until an idea that is practical is found. Even when an idea is practical it may not be within 

our means to implement it. This is called the design lifecycle. 

3.1.1. ARTIFICIAL INTELLIGENCE 

The Encarta World dictionary defines Artificial Intelligence as, “the ability of systems to perform 

functions that normally require human intelligence.”  Your brain determines when you blink, 



what you dream, and what you can remember. It is in complete control. The Artificial 

Intelligence for this system must operate the same way.  The team’s idea was to make our 

explorer have an A.I. that takes on the same role as the brain. Although less complicated than a 

human brain the A.I. can be boiled down to a continuous loop in the code. In the beginning of 

the loop the data flows from the sensors to the A.I. module in the program. The data is then 

processed in the A.I. to determine what if any alteration should be made to the current traveling 

path of the system. 

3.1.2. NAVIGATION 

Humans do many things well. When a human wants to move in a specific direction or avoid 

obstacles the microscopic interactions of the brain and muscles is not heavily thought of, it is a 

part of life and learned through time with practice. With this system each of those small 

decisions must be accounted for in the programming code. In order to implement how the 

system will navigate and detect objects it is important to understand how humans go about 

completing these same tasks.  

In our first brainstorming session we determined how humans go about navigating to a 

particular location. You receive the signal from your brain to stop, turn, or move forward. In the 

same way we design the Navigation portion of the robot. Like the human a form of 

communication between the brain and the muscles must be established. The easiest form of 

wired communication available to us was USB. The protocol and formatting of each message 

was described in the specifications as well as the timing of the commands. The Segway RMP 

described the message as a set of eleven bytes. The table below describes the format and 

meaning of each byte excluding the first and last bytes which are used as a CAN message header 

and completion marker. 

 

 
 

 



3.1.3. IMPLEMENTING A VISION SYSTEM 

The system to meet the challenges there are several ideas to consider. As humans, the thought 

of how we walk or how we identify objects in the world around is simple. Take for example a 

cup of coffee. We all know that the object is coffee when we see, smell, or taste it. It is not 

nearly that simple for a machine to do. It must first have eyes to see. In the case of this project 

we mounted a stereoscopic camera system to the top of the system. Once the machine can see 

it must recognize what it is seeing. This is very difficult and is still an area of intense research.  

Our first idea was to use a set of signal processing functions provided in robust mathematics 

program called MATLab. The idea came from some existing research done by the U.S. Army for 

remotely controlled DEMO III XUV vehicles. (1) It turns out that this technique is very expensive 

to implement. Therefore we hope it can be done in future work and research.  

Finally we settled on a new technology from gamming: the Xbox 360’s Kinect. It is a very capable 

device that is able to meet most of the specifications. The Kinect will be discussed later in this 

text. 

4. DESIGN 
 

4.1. SENSORS AND VISUAL PROCESSING TECHNIQUES 

One of the most critical areas of an autonomous system is the sensor system.  The initial concept of 

this can be viewed as being very simple to accomplish, being that it comes so naturally for a human 

to look at an object and automatically know that it is a rock or a crater.  The logic behind human 

recognition of objects has been proven to be far more advanced than one could have ever expected. 

The way that seems to be most reliable, was found by looking through the stereoscopic eyes of a 

human and the design that has given us a dominant place in this world.  The human eyes have been 

specifically set for optimal visual processing.  The position of our eyes and their separation, allows 

our brains to overlay the two images giving us depth perception.  On top of the ability to determine 

depth, we also see variations in colors and shapes which gives us three dimensional object 

detection.  This is what most scientists and engineers have realized is the most practical way to give 

sight in robotics.  How, might one ask, do you begin to attempt implementing this amazing scientific 

mystery in a system?  It really starts to become challenging very quickly.  First, how might one 

manage a system that allows stereoscopic vision?  This is where taking an approach right from in 

front of our face comes into play.  Humans have two eyes; why not give the robot two.  This is the 

approach that we used; we took two Valde cameras and a video processing unit.  In doing so, we can 

now achieve depth like image processing by overlaying the two camera images.  The two images 

also have color and shapes that can be used with current object detection algorithms for a complete 

package.  Now we are done, it was as simple as that, well not quite.  Even when using the most 

advanced vision technologies to date, we still can't get the level of precision that we would like.  

Another system is needed to complete the processing. 



The next thing to do is get an actual depth 

for the area in front of us, yes the two 

cameras allows us to do this to some extent 

but not accurately enough.  This is where a 

depth detection sensor is needed.  There are 

many options to choose from that are fairly 

affordable, and all look to be a viable option 

for the robot.  For instance, a recent product 

has hit the market for the video gaming 

world; it's called the Microsoft Kinect.  The 

Kinect seems to be the complete package with its camera, Infrared range finder and it is ten times 

cheaper than other options, how could it be beat.  Many weeks were spent getting the Kinect to 

work with the computer so we could start the testing of the robot.  What we came to find out, is the 

depth sensor on the Kinect can't function outside.  One thing that we had not expected is the 

possibility that the sun emits practically every spectrum of light.  The very first time the robot was 

taken outside the depth sensor immediately blanked out.  Now that this is known, it is critical to get 

a depth sensor that will function outside in direct sunlight.   

 

After obtaining the necessary sensors, the robot is capable of getting the required data for 

processing.  Take the binocular images from the cameras and the depth image from the range finder 

and these can be overlaid to give an accurate view of what is in front of the robot.  With the images 

being input, vision processing can be done on them and obstacle avoidance algorithms can use the 

processed images to navigate without human input.   

4.2. SEGWAY
TM

 RMP 

A few years back a company came out with a revolutionary new means of transportation that used 

just two wheels in parallel to drive.  This new scooter was the first successful two wheeled scooter 

that is self balancing.  The company is named SegwayTM, and they 

have since expanded their line of products to include a line of 

Robotics Mobility Platform (RMP).  The RMP 200 is the model that 

was chosen to be the base platform to build the lunar robot off of.  

Great balance, high payload (~150 pounds) and extreme 

maneuverability were the main reasons for using this platform.  The 

top plate is pre-drilled and tapped to allow easy mounting of 

equipment.  While mounting the equipment it became clear that the 

RMP 200 would handle the additional weight with ease.  While 

testing on outside terrain, we found a few limitations, but nothing 

that will set back the future progress of the project.  The robot will 

not go over bumps or rocks greater than two inches in height and 



twenty degrees is the maximum incline possible for safe travel.  This platform has been used as the 

base for a number of other projects including the Robonaut II, a humanoid robot that was 

developed by a group of engineers at Johnson Space Center to perform scientific experiments and 

repairs at the International Space Station. Robonaut II was a passenger on the most recent trip to 

the space station and is now mounted in a module for use. 

 

4.3. TECHNICAL SPECIFICATIONS 

The original design for the project was to have a functioning, self sufficient, autonomous navigation 

robot.  We originally wanted to have this implemented with a binocular vision system and a depth 

laser range finder, however, lack of funding and time left the project incomplete.  Instead, a Kinect 

sensor was used as a stand in to get the system up and going.  The Kinect does not supply the 

functionality necessary to have a fully functional autonomous lunar robot.  Besides the setbacks 

with the vision processing, the system is fully operational.  All necessary communication needed for 

navigation between the Segway and computer control unit are one hundred percent complete.    

5. LOOKING AHEAD 
The results and experiences gained have proved to be very useful to community of UNT and beyond. 

5.1. IMPACT OF RESEARCH 

The work that has been done on this project has many interesting implications. First, the visual 

processing techniques used for this system could be used for image searches on the internet. 

Instead of writing out your search take a picture of it and load it into the browser.  

Second, imagine the use of an autonomous robot. It could be a used to clean up debris or find 

survivors after a natural disaster such as the one that has struck Japan. There could new exploration 

missions in areas of the earth and the solar system that no human could ever go such as deep caves, 

frozen worlds or the bottom of the ocean. 

Lastly, this work will leave a starting point for other students to start from. From the beginning our 

team understood that many of the requirements of a large and complicated project like this would 

have many development life cycles. After completion of each iteration of this cycle will lead to 

better and more developed technologies. 

 

5.2. FUTURE WORK 

Now that we are able to autonomous, navigate a terrain we could expand from that. One area to 

expand is in the artificial intelligence. Instead of just moving around without a purpose one could 

make the artificial intelligence program work more like a normal brain would by implementing a 



memory and an artificial learning that it can use to recall a certain area of a terrain and learn where 

and where not to go. Therefore, as it takes video and pictures while avoiding objects it could be 

making a database that could be called up in real time.  

The sensor system did not turn out as robust as first envisioned due to monetary constraints. In 

future work on this project a new set of robust sensors could be added to the system to provide a 

closer synthesis to human sensor systems. 

6. CONCLUSION 
This project has allowed the team to learn and develop new technologies. All but one of the 

specifications has been met in the last nine months. Ultimately, exploration of other worlds is costly and 

dangerous. It could be less so if this system were fully developed.  The task is challenging to say the least 

but is feasible with the help of new visual processing techniques as well as the continuing work of 

companied such as Segway and governmental scientific institutions like NASA. Just remember, it is most 

likely that before you hear the famous words from Neil Armstrong, it was most likely a machine that set 

foot there first. 
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