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Abstract—To effectively complete a design project, an engineer must continuously analyze the design from beyond the perspective of science. Successful engineering design requires significant attention to the economic, environmental, sustainability, manufacturability, ethical, health and safety, social, and political issues constraining the design methods and final products. This IEEE MicroMouse design team applies this philosophy in order to achieve the overall best possible outcome.

Index Terms—Engineering Design, Maze, MicroMouse, Robot
I. INTRODUCTION
T
HE goal of this project is to design and build a robot that can autonomously navigate an unknown maze (dimensions specified by sponsor, IEEE) from start to finish in the shortest time possible. In the spring of 2008, this robot will be entered in the IEEE Region 6 MicroMouse Contest, and needs to be designed to win. A micromouse is a robotic device that can navigate through a 16x16 cell maze, using only the hardware and programs installed in and on it. This paper analyzes the ways in which the micromouse design project is impacted by the synthesis of economic, environmental, sustainability, manufacturability, ethical, health and safety, social, and political constraints.     
II. Impacts on MicroMouse Design
A. Politics
The $1000 budget provided by the project’s sponsor was surely chosen by taking into consideration IEEE’s political interests.  Because IEEE’s political involvement requires money, the organization chose $1000 as a reasonable compromise.  This politically-influenced decision has rendered the economic constraints for this design project.
B. Economy
The budget for this design project is $1000, which will be supplied by IEEE. The completed micromouse that competes in the IEEE competition may contain no more than $500 worth of materials. This means that the design team has at least $500 from IEEE to spend on extra parts, test equipment, and software. There is no limit to how much total money may be spent on these extra things, and so it would be possible for the members of the design team to contribute personal money toward this project. However, the members of this team are poor college students, and so will stay within the sponsor's $1000 budget.

A very rudimentary micromouse could be built for less than $100, which would save IEEE a lot of money. However, the goal of this project, as stated by the sponsor, is to design and build a micromouse to win the IEEE Region 6 MicroMouse Competition. A competitive micromouse will most likely require a total of about $500 of materials to be purchased, and will contain about $150-$200 of those materials in the end. 

The materials estimate accounts for the purchasing of various versions of each part (i.e., three similar stepper motors, varying in size, weight, and power consumption), as well as backup parts for every component. Backup components will be bought for all of the components used. Even though this will cost more money, it will ensure that the final micromouse ends up with well-functioning, reliable parts, in case primary parts unexpectedly fail or are accidentally broken. 
C. Environment
The environment in which the micromouse will need to function is a maze comprised of a 16x16 cell array. Each cell of the maze will have a footprint 18cm by 18cm and the height of the maze's walls will be 5cm. Thus, the size of the micromouse is constrained by the size of the maze, and should be no more than 18cm in length and width. By the contest rules, the micromouse may be at most 25cm in either dimension. The maze does not have a top, and so the height of the micromouse is unrestricted. 

The floor of the maze is made of wood and painted with a material that does not provide much friction, and so extra attention must be paid to ensure that the wheel’s outer material has a high coefficient of friction.  

The contest rules state that the temperature range shall be 40 to 120 degrees Fahrenheit. Because all parts are typically designed to function in a much more extreme temperature range, temperature is not a constraining factor in this design. The contest rules also state, that contestants should not make any assumptions about the amount of sunlight, incandescent light, or fluorescent light that may be present at the contest site. Therefore, solar energy would not be a reliable source of power for this robot, in addition to the fact that solar panels are more expensive than battery packages.

D. Manufacturability
This micromouse must be feasibly manufacturable within a period of three months. The largest constraint limiting the manufacturability is the small size of the micromouse, which requires components to be soldered in close proximity to one another, and smaller components to be used. Because a broken part is not an acceptable reason for an incompletely manufactured robot, extra parts will be purchased for all components. This will also ensure that if a part fails, an identical part can be used in its place, eliminating the need to remanufacture a new robot. 

The microcontroller module and voltage regulator modules are pre-manufactured parts, which will be much faster and simpler for the design team to implement in the design as well as physically attach to the micromouse, and will be easier to replace if the need arises.

E. Sustainability
The main sustainability concern for this project is that students in future years may want to improve upon this micromouse design for their senior projects. Therefore, all of the hardware and software interactions and operations must be explained thoroughly in a manual. The software is purposefully being written with lots of comments for readability, and the code is arranged into modules so that it is easy to reuse.
F. Health and Safety

RoHS parts are used when they are available for a price comparable to that of standard parts. These parts contain less hazardous materials, lessening worries about handling and disposing of the robot.
G. Ethics

As per IEEE contest rules, the final micromouse entered in the competition may contain no more than $500 in parts. This includes the market prices of all purchased, donated and found parts. The design team has an ethical obligation to assess these prices honestly, as well as to correctly represent these prices to the competition judges, so that this micromouse does not gain an unfair advantage over the competitors. 

Another ethical constraint involves money. IEEE has allowed the design team up to $1000 to spend on materials for the micromouse, but it is likely that only half of that amount will actually be used. It would be possible, but extremely unethical, for the team to spend the remainder of the budget on good and services for personal use, and then to purposely misrepresent those transactions to IEEE. This team will only spend the sponsor’s money on materials necessary for this design project. (Pizza is not considered a necessity.)

The third and final rule is that the micromouse shall be completely self-contained. This means that no remote controls can be used to control the micromouse, such as remote steering from a contestant’s laptop via wireless transmission. In addition, no information about the maze may be fed into the micromouse. While it would be possible to evade this rule, this design team is ethically bound to create and use a fully autonomous micromouse.

H. Ethics

While there are no large-scale social constraints, the design team does perceive some social pressure. The faculty and peers within Montana State University’s Electrical and Computer Engineering Department expect the team to design and build a successful micromouse for the IEEE competition. This pressure has a positive impact upon the design, giving the team another reason to work diligently toward the creation of the best micromouse achievable.
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