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Abstract —This paper is to show in details the steps taken in creating our autonomous drones. The main objective of the autonomous drone is to solve a maze within a certain time period. The main idea is for the first autonomous that solves the maze would communicate wirelessly to the other drones telling them the correct path to take in solving the maze, this should allow for the remaining drones to solve the maze at a much faster pace and with more accuracy. 
Index Terms – Autonomous, H-bridge, Microcontroller, Printed circuit board, Tremaux's algorithm, Voltage regulator, Wireless communication
I. INTRODUCTION
Our project is called Autonomous Drones and for this project we are going to make two robots. Our goals for this project are for the three robots to work together intelligently to complete a maze faster than an individual robot would be able to. These robots are going to involve using a microcontroller, a laser ranger finder, Bluetooth, and a base vehicle. The microcontroller and the code we must use to make it work are going to be pivotal to the project. The microcontroller must integrate all the other aspects of the project and make sure they work seamlessly.  We are going to try to make the code a little simpler by using a base vehicle that can rotate in a 360° angle. This will help by making the code shorter, which will make the information execute faster, and by making it easier for the robot to retrace its steps. The laser range finders purpose in the project is to save time. It saves time by not only assessing each robots surroundings but by making the robot notice when it is in a dead end sooner. The Bluetooth is used to transmit the information from one robot to another. This information will help the robots to in a way integrate their individual maps to get a full view of the maze they are in. The significance of this project is to advance the previous maze robot technology that is out there. Not only did we want a cost effective robot we wanted to make the whole process of an autonomous robot solving a maze more efficient and faster. That is why one of our goals for the project is that our three robots work together to solve the maze faster than an individual robot would. Some of the previous projects that have affected our project are the MightyMouse and Alice projects. The MightyMouse project was helpful because it was a small robot that was built to find a certain spot in the maze. The difference is that the MightyMouse project wants to find the middle of the maze while ours wants to complete it. The Alice project was also pivotal because it was a five year program that continuously advanced the technology of maze solving robots.  This project not only won numerous competitions it made autonomous robots more cost effective so that it could be sold mainstream. All these projects can be used as a framework to help us complete the task we have set forth. The Autonomous Drones project will help to advance the technology of maze solving robots, which we feel is a pivotal part to being an engineer.

Fig. 1 The Autonomous Drone
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II. ARDUINO MICROCONTROLLER

One of the discussions from the group members in the Senior Design group was whether or not to utilize a Microcontroller, or to utilize an FPGA (Field Programmable Gate Array) in the project. An FPGA is a device that contains a large amount of logic gates that can be designed and programmed to do a specified job. A microcontroller is similar in nature to a small computer that does specific jobs that a bigger component needs to use to operate correctly. In general, FPGAs are more versatile then microcontrollers and can do more tasks simultaneously as well. In an FPGA gates can be altered and changed as necessary and can be programmed to do tasks. In a microcontroller the instruction set and circuitry are already predefined and can only be altered to a degree within the limitations of the programming field. Although FPGAs can be more flexible then microcontrollers, of course there are things that have to be taken into consideration like the fact that it consumes much more power. Overheating and other hazards need to be avoided in this project to prevent from further problems down the road that can delay the completion of the project as well. In order to have the FPGA function a certain way the user would have to write the code from scratch and convert it to machine code. For a microcontroller packages can be bought that are similar in specification to what the user is trying to accomplish, and then they can modify that and accomplish the same task much more quickly. FPGAs for the obvious reasons of more versatility and flexibility cost much more then microcontrollers. As college students it is desirable to create the devices necessary at minimal costs to perform the actions necessary.  Low cost efficient devices are preferred more than any other.
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In order to create and design a robot that navigates through a maze, there needs to be a device that controls the robot and executes based on command. A microcontroller is an integrated circuit chip that is design to perform specific actions that are a part of a bigger embedded system. It basically provides control of a system within a system that is designed by the user.

There are many choices of microcontrollers to utilize for robot projects. Looking online at various choices, it was tough to choose one. It was decided that a relatively simple development environment would be necessary to develop the more complex coding necessary to get the device to perform as necessary. The main choice of microcontroller after careful consideration was the Arduino Duemilanove. The microcontroller from ATmega (Arduino Duemilanove) had one of the lower prices and had several accounts of previous project discussions so that as the group could draw from those to improve the project for the better. One of the key components to designing and developing is to have sufficient resources available to interpret information from. Another advantage of utilizing this specific microcontroller is that it is capable of running on multiple platforms and or operating systems.

The breadboard of the microcontroller has fourteen input/output pins, six analog inputs, USB connector, power jack, ICSP header, and a reset button. The arduino has an operating voltage of 5V with an input voltage between 7-12 V. The D.C current per I/O pin is 40 mA and the D.C current for the 3.3 V pin is 50 mA with a clock speed of 16 mHz, all these specifications will operate the autonomous with complete efficiency.  

Figure 2 ArduinoDuemilanove Schematic (Reprinted permission pending from Arduino)

III. CHASSIS

There is a myriad of possibilities when trying to decide on how the body of the autonomous robot should look and the correct size when travelling through the maze to accomplish its task. However the decision making process depends upon the stipulated condition and the final objectives of the machine. In some cases the needs or purpose of the machine require a certain type of wheel while in some cases the materials may be of greater important. Therefore in design the autonomous robot every area of mechanical design will be looked such as the material, motor, wheels and its navigational system. 

In considering the frame of the autonomous robot keen attention is place on the correct chassis of the robot and the type of material that will be used to make the frame. Building the robot from scratch is the main goal in this design process, therefore the frame of the chassis plays an important role, also the robot must be able to make right and left turns as well as turn a rounds. In taking all of these design ideas into consideration the autonomous robot frame can be made from various materials such as aluminum, carbon fiber, titanium, polycarbonate plastic, steel etc. Because we need the robot to be light weight and made of a rigid material the best option for such a material would be aluminum or plastic. 

However after our investigation into the best option for the autonomous drones, we located the perfect solution to the autonomous which was the pololu round chassis kit found on robot shop for $25.00 each.

IV.     Voltage Regulators
The research that was done about the electrical components of electronic devices led the group to realize that voltage regulators are of common use in devices. Many devices need voltage regulation because the voltages need to be adjusted accordingly by which they are being utilized efficiently enough to power the device. While researching there were two main voltage regulators that the group decided could be implemented. The regular 5 V Voltage Regulator called the LM7805, and the 5V Voltage Regulator with High Current Capability called the LT1528. Both of these Voltage Regulators are manufactured by Texas Instruments which is one of the top manufacturers that even Dr. Richie himself recommended and discussed quite frequently during the beginning of the semester when discussing project ideas, components, parts etc. 

The LM7805 is the first choice by the group. These particular regulators output 1.5A of current apiece. One of the nice features of these particular Voltage Regulators is that they are immune to overload, this is accomplished by the internal features that the device has which are the current limiting and thermal shutdown features.  As far as the board itself a schematic is shown below implementing the fixed output ideology of a fixed output regulator with the two capacitors shown in Figure2. The Figure3 below that shows the simplicity of the design which has just three pins allocated for common, output, and input.

So overall this device fits the specifications required for this project and even has special features that protect the device from being easily damaged.

VI.     Motor/Servos

In deciding the best motor for the autonomous drones’ two different types of motor was taken into consideration which was the d.c motor and the stepper motor. After careful research into both it was decided that the best option for the autonomous drones would be the d. c motor base on the task to be perform by the autonomous. In the D.C motor it was very important that we had repeatability of position which generally depends on the stability of the potentiometer and other analog components in the feedback circuitry and this was the main reason why the d. c motor was chosen over the stepper motor.

Upon ordering the Popolu round chassis kit it was realized that D.C motor was already included in the kit which definitely re-enforce sticking which the d. c motor which help to minimize our cost of building the autonomous. The motor that came with the kit was a twin motor gear box that uses two motor system to provide power and speed just enough for the autonomous robot. One motor has a motor voltage of 1.5 – 3 v which is sufficient for the autonomous, the motor stall current is 2.1 Amps.

V.    H-Bridge

A basic autonomous robot would have power from the servo but for this autonomous robot to have enough speed to travel through the maze within a require time limit then the robot will need to have speed, therefore it would be necessary to hook up a high power motor driver/speed controller or commonly known as the H-bridge. The H-bridge would be connected to the receiver and attach to the motor and battery as well. We chose the SN754410 motor driver from spark fun for this application. The SN754410 is a quadruple high current half-H driver designed to provide bidirectional drive current up to 1 Amp at voltage from 4.5 to 36 and our autonomous drones voltage falls within that voltage range. 
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Fig.3 Motor Driver Truth Table

VII.    Printed Circuit Board
In order to have an appealing look for the project it was decided that it would be ideal to try to implement everything for the project into one PCB.  The group will develop and design on breadboards in order to place everything onto a single board itself. It is the intentions of the group to surface mount the components themselves. If there are issues with that approach then the group can go through the board instead

The process of printing out a custom circuit board is fairly easy to understand.  First comes the software.  A circuit design will be completed using a PCB design software and then send to a manufacturer to print out the PCB using their industrial grade equipments.  The cost associated with printing a circuit board depends on the size of the circuit board and the number of layers.  For our purpose, a 2 layer PCB is sufficient.  2 layers PCB tend to be fairly cheap compared to higher number of layers.  Since most manufacturers encourage people to use their custom PCB software, the software to design such circuits tends to be free of cost.

As with all the other component of this vehicle, a great amount of research was put into this matter.  We came across PCB design software called PCB123 from Sunstone Circuits.  They provide easy to use design software as shown below and the ordering can be done directly through the software so users can keep track of how much their PCB will cost as they design them.  Below are a couple of screenshots of the PCB software.
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Fig. 4 Printed Circuit Board

The professional appearance is ideal as intended by this final 3-D finished PCB design (Figure 39) that cost $82.34 to make. This is shown in the upper right hand corner of the screen and the user can order as many boards as they want as long as they have the necessary money as spending for these boards can get realitvely expensive when ordering multiple ones as the group may need to do since there will be multiple drones navigating the maze.
VIII. Zigbee Protocols
Zigbee current profiles derived from the zigbee protocols support beacon and non-beacon enabled networks. In the non-beacon enabled network an unslotted CSMA/CA channel access mechanism is used. In this network zigbee routers have their receivers continually active, requiring a more robust power supply. This causes a heterogeneous network in which others only transmit when an external stimulus is detected. In this network the power consumption is used asymmetrical (while some device is always active, some device are sleeping).

In the beacon enabled network the special nodes called zigbee routers transmit periodic beacons to confirm their presence to other network nodes. Nodes may sleep between beacons, thus lowering their duty cycle and extend their battery life. In this same article beacons interval may range from 15.36 milliseconds to 251.65824 seconds at 250 Kbits/s, from 24 milliseconds to 393.216 seconds at 40 Kbits/s and from 48 milliseconds to 786.432 seconds at 20 Kbits/s. In beacon networks, nodes only need to be active while beacon is being transmitted. Zigbee standard specification operates in the unlicensed 2.4 GHz (worldwide), 915 MHz (Americas), and 868 MHz (Europe) ISM bands. In the 2.4 GHz band there are 16 zigbee channels, with each channel requiring 5 MHz of bandwidth.

IX. Range Finder
The ultrasound range finder is the type of range finder we decided to use. There are many reasons that led to this decision which include cost and effectiveness. The good thing about an ultrasound range finder is that they perform in low visibility. Also, the ultrasound range finder is efficient because it integrates with ease. All these reasons make it an excellent decision to use for the specifications we made for this project.

There are many reasons that led to this decision which include cost and effectiveness. It is effective at outputting the distance of different objects. They also are good at providing depth resolution just in case the maze involves dips or inclines. The range finder is the part of the project that involves locating where and how far the robot is from the maze. The range finder we are going to use is the ultrasound laser range finder because of all its good qualities. An autonomous robot has to be able to figure out its surroundings to gather information from the sensors. This is so the autonomous robot can navigate around obstacles and help to speed up the progress of solving the maze. How many sensors we use and where they are place can also affect our project? In order for the range finder to be effective it would have to be integrated with all the necessary components of the project. One of the things the rangefinder will need is a Bluetooth module to communicate with the other drones and GPS so that the location information can be passed to the other drones. Another one of the important integrations that have to be made to make the project successful involve the microcontroller. The base vehicle also has certain requirements necessary for the range finder to be integrated completely. The system as a whole must meet certain requirements in order for the integration to be complete.

The range finder we are going to use is the ultrasound laser range finder because of all its good qualities. One example of an ultrasound laser rangefinder can be shown below
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Fig 5. Range Finder

The range finder has to be mounted at a certain angle for optimal usable so the way we mount it will be very important to the success of our project.

X. NAVIGATIONAL SYSTEMS
After carefully considering all the options available in making the autonomous robot in designing the navigational system, making sure it will perform the task that it will be assigned to do it was concluded that the two wheel system would make the robot effective and efficient.

The two wheel system is the hardest of all the wheeled types to be balance because it must keep moving to maintain itself upright. The center of gravity is kept below the axle, usually accomplished by mounting the batteries below the body type. The two wheel type can have their wheels placed parallel to each other, or one wheel in front of the other tandemly placed. For this robot to be balance the base must stay below its center of gravity. The popolu round car kits consists of the two wheel navigational system and they have build it in such a way that they have included a ball caster which works as a third wheel but it just balances the stability of the car after all in the other components are integrated on the plateform, which as a tiny ball that will rotate if needs be.



Fig 6. Two wheel platform 
XI. POWER SUPPLY
For this project the drones need to have some power capability. The simplest way to implement power is through the utilization of a battery. The first thing to take into consideration was which type of batter to use. The two main batteries types are made of Alkaline and Lithium. The typical batteries used commercially by people are the AA, AAA and 9V batteries. These are conveniently available in both Alkaline and Lithium material types. Lithium batteries are usually not available in bigger battery sizes such as C and D volt batteries and are rather available mostly in Alkaline. It’s also difficult to acquire Alkaline batteries of smaller voltages that are mostly for Lithium batteries. So basically Alkaline batteries can support higher voltages, and Lithium batteries are designed to output smaller voltages. As far as power is concerned Lithium batteries are much more effective at lasting longer and are more durable then alkaline batteries. Even Office Depot, a very credible source, has verified that on average the Lithium batteries last “4 hours longer” then the alkaline batteries in MP3 Players. Also Office Depot noted that on average Lithium batteries last “7 times longer” in digital cameras. Also, Wikipedia.com states that Lithium batteries output a greater amount of power for a longer amount of time, which would be most ideal in this Senior Design project with autonomous drones that will have substantial power consumption.

As one would expect that with improved performance would come some kind of catch. Of course with the Lithium batteries being so much more efficient then alkaline, the cost of them is much more substantial then alkaline. For example a regular pack of Energizer Max AAA Batteries (Four Count) would cost around $5. Alternatively a pack of Energizer e2 Lithium AAA Batteries (Four Count) would cost around $12. So the question then begins to be whether or not the user wants to spend more money or if they want to be cost efficient. For the purposes of this particular project the students would like to be cost efficient, but they also want to have efficient enough devices and components that will minimize issues down the road. So Lithium Rechargeable Batteries would probably be a good choice. Another note to keep in mind is that if there is some type of temporary component/device switch and batteries need to be switched and the batteries are of two different kinds, e.g. Alkaline and Lithium, then the user must make sure that the output voltages are correct for the device as necessary. The size and types need to be noted throughout their use in the project. Many Lithium batteries that are the same size produce different voltages then the same size alkaline battery. For example, the Tadiran TL2100S AA battery produces 3.6V as opposed to the default batteries that produce only 1.5V of power. But for more commercial purposes that most users will run into, like the typical Energizer e2 Lithium AA batteries that will run off of 1.5 V, and their alkaline counterparts regardless of most brands that output that same voltage of 1.5V.  But still that is definitely something to take note of for future reference/troubleshooting in terms of power.

XII. ALGORITHMS
One of the most important aspects of virtually all projects involving robots with some level automation is the software required to implement that automation. In the case of this project, the software is responsible not only for minutiae such as controlling the robot's driving system and processing input from the range finder, but also for the computationally complex task of path finding. As any student who is majoring in Computer Science or has taken a class in algorithms should know, path finding is really just an application of a graph theoretical problem. As such, it is appropriate to begin this section with a discussion of graph theory and some of the fundamental concepts that will be the basis for the algorithms to be employed by these robots.
The Tremaux’s Algorithms
The Tremaux is very similar to the wall following algorithm which simply states that you basically follow the wall until you have found an open. Another algorithm that operates on a similar principal to the wall following algorithm is known as Tremaux's algorithm. One similarity between the two algorithms is that they are both guaranteed to work if the agent is inside a simply connected maze with an exit on the exterior of the maze. Additionally, both could be relatively easily implemented by a human, should they find themselves in the unfortunate situation of being stuck inside a maze. One key difference is that Tremaux's algorithm is also able to solve mazes that are not simply connected. However, this comes at a cost, as Tremaux's algorithm requires some form of memory, whereas the wall following algorithm requires none. For a human, this may mean the famous trick of dropping bread crumbs as you explore the maze, but of course such a task for a robot would require far more complicated hardware. A much more practical approach is to use the memory inside the microcontroller of the robot to store a representation of the maze, as well as information regarding who has been to what areas of the maze. This representation will be discussed in more detail in the section “Modelling the Maze”. As mentioned before, the way Tremaux's algorithm works is by the agent using some method to mark his path as he explores the maze. To start the algorithm, an agent inside the maze picks a random direction to start walking. As the agent walks, it leaves some sort of trail so that the robot knows not only where it has been before, but how many times it has been there. The agent continues walking in the randomly chosen direction until it is given the option to turn, that is, it has arrived at an intersection in the maze. For the purposes of this algorithm, paths will be described as new, old, or explored. A new path refers to a path in the maze that the agent has not traversed. An old path refers to a path that the agent has traversed exactly once. An explored path is a path that the agent has covered twice. Even on mazes that are not simply connected, Tremaux's algorithm with never traverse a path more than twice. In fact, if an agent explores a maze using Tremaux's algorithm but the maze does not actually contain an exit, the agent will end up in the same location that is started, having traversed every path in the maze exactly twice. This is the same behavior as the wall following algorithm for simply connected mazes, but unlike the wall following algorithm, this algorithm can never enter an infinite loop due to a cycle in a maze.
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Figure 7

Imagine an agent starting at the top-left corner of this maze and initially heading down. Assume that is agent is following the left wall following algorithm. This agent reaches the bottom-left corner and turns left to follow the left wall edge. It again turns left along the bottom edge of the maze to follow the inside wall. Continuing this process, it is easy to see that the agent will infinitely follow the approximately 'P' shaped path of the inner walls, without ever reach the exit in the bottom-right corner. Since this maze is not simply connected, as can be seen by the walls inside the maze that never connect to the exterior, cycles are formed in the maze. Whereas a maze that is simply connected in graph theory is considered a tree. In other words, in a simply connected maze, there is exactly one path from any point to any other point in the maze. It can be seen that this maze breaks that property by looking at the bottom right square, where there are two different ways to start from the bottom-left corner and reach the top-right corner of the small square.

It is relatively easy to show that without some form of memory, it is impossible to create an algorithm that is guaranteed to solve a non-simply connected maze. Without an agent knowing where it has been before, it has no way of knowing how to avoid cycles in the maze. The best approach one could perform would be to randomly pick a direction at every junction in the maze. Of course, such an algorithm would be extremely inefficient, and can take an unbounded amount of time before the agent eventually reaches the finish. Thus from now on, the algorithms discussed will focus on ones that use some form of memory. The first one to be demonstrated will be Tremaux's algorithm on the preceding illustration, where the wall following algorithm failed. First, the rules of Tremaux's algorithm are as follows:

If you encounter a new junction:



Pick a direction at random


If you are traversing a new path and you encounter an old junction:



Turn back


If you are traversing an old path and you encounter a old junction:



Take a new path if available, otherwise take an old path


If you encounter a dead end:



Turn back

Intuitively, this algorithm only takes action at dead ends or junctions. At any other point in the maze, an agent simply continues walking in the direction it is heading. One key property of this algorithm is that it takes the same action for encountering an old junction in a new path that it does for a dead end. The only situation in which the agent will be traversing a new path and encounter an old junction is when there is a cycle in the maze.
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