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Abstract:  A review of standards and constraints with respect to the senior design project being worked on by the authors.  This paper details the constraints and impacts in the following areas: economic; environmental; sustainability; manufacturability; ethical; health and safety; social, and political.

Introduction

The project that this paper is in regards to involves the modification of an existing system, the ECE Rover currently used in the teaching of the entry level course EE101.  The modification includes adding an optical sensor to the robot as well as additional programming.

Impacts

The following sections each describe the impacts of the project with regard to a specific area.

Economics

The current EE 101 robots are used by the freshmen in ECE department.  In most cases the students need to buy their own robot, so price is a major concern.  The Agilent ADNS-2610 is a chip that was designed to be cheap and versatile.  Using SPI as an interface to communicate with the sensor is very efficient because the EE 101 robot uses a Motorola HC12 microcontroller which has SPI built into it.  This offers a cheap way to communicate with the robot because there is less code to write, and less hardware to build if the SPI port is used.  Since we already are using Motorola HC12 microcontroller, it is more economical to use a chip that supports an interface that the microcontroller uses so there is no hardware or major software changes needed.  

Environmental

The Agilent ADNS-2610 optical mouse sensor will be used indoors.  Everything on the robot will have to run off the battery pack that is mounted on the robot case.  The sensor chip comes in an 8 pin DIP package, which is less materials used in the manufacturing process. In addition, it keeps the total board size down due to its small design.  The Optical mouse sensor uses very little power.  It also has a disable pin to be used when the mouse is not moving which turns off the LED to save power.    A command is sent through the interface between the microcontroller and the chip to have it turn itself off.  Since it uses very little power, it operates very cleanly.  

Sustainability

Currently the EE 101 Robots are using the ports on the microcontroller that would be used for SPI protocol.  We are not able to redesign the robots hardware and the software, because there are other groups that are basing their improvements on the current model of the EE 101 robot circuitry.  For this reason we will be using a method called bit banging.  This is where you put a bit on the data line and clock, then the next bit and so on.  It is still important that we use a SPI optical mouse sensor chip because hopefully later on the robots will be redesign and the SPI port on the microcontroller can be freed up from what it is correctly being used for and be ready for  a small code change so this sensor can be easily used. 

Manufacturability

This project is working on modifying an existing system.  Because of this, most of the manufacturability concerns have already been taken care of with the design of the base components.  However, there is an additional component being added to the system that does require manufacturing.

The added component is an optical sensor to be mounted onto the ECE Rover.  The sensor package consists of several parts, including an IC-based sensor, a lens and LED array, and an input/output cable.

The constraint on the manufacturability is that if put into use, it will be assembled by college freshman, most with little or no previous electronics experience.  Therefore, assembly must be as simple as possible to reduce errors during construction.  To satisfy this requirement, the PCB that the components are to be mounted on will be designed in such a way that the lens, led, and sensor will be self aligning.

The PCB for this project can be manufactured in small amounts on campus or in larger amounts by any of various custom PCB companies off campus.  Which option is preferable is dependant upon both the quantity needed and desired turn around time.

Ethical

All incoming freshman to the department of Electrical and Computer Engineering are required to purchase the ECE Rover as part of taking the entry class EE 101.  If this project is selected to be added to the ECE Rover, then all of the incoming freshmen will be required to purchase the components of this project along with the ECE Rover.  Because they are required to make the purchase, it would be unethical for the price of this project to be any higher than is necessary.  However, minimizing costs was already one of the design goals of the project, so this was already taken care of in the design.

One other ethical concern arises from the same source as the above.  All freshmen would be required to construct the sensor module themselves, and it would therefore be unethical to have a manufacturing process which involves any risk.  This is not a concern with this project however because the only part of manufacturing that could present a danger is that of soldering.  Because soldering is already needed for other parts of the base product, it is recognized as not being unduly dangerous.

Health and Safety

There is nothing currently on the robot or that will be put on the robot in the future that represents a serious health or safety hazard (unless, I suppose, you trip and fall on it).  There is not enough voltage on board to hurt anyone, and none of the lights (not even for the optical mouse sensor) are bright enough to blind anyone.  However, it does contain small parts and could be a choking hazard for children under the age of 3.

The ECE robot with its new guidance system could be used as a model for future search and rescue robots.  Such a robot could search through a burning building and go places that are unsafe for people.  Similar robots could be used to perform close range surveillance on forest fires.  There are many ways a robot such as ours could be used to benefit the health and safety of people.

Social

Smarter, more mobile robots represent a genuine threat to the jobs of many people around the world.  However, they also have a chance to improve many people’s lives, if used responsibly.  Small robots similar to the ECE robot could work in homes, vacuuming the carpet and doing the dishes.  This would give people more free time.  Our robot is being designed to be used in the EE-101 class and therefore will not likely have major social impacts.

Political

The ECE robot will need more than an upgrade from the HC12 if it is to be a politician.  However, that being said, robots in general can play a large indirect role in politics.  The robot will be able to follow an inputted path fairly precisely.  It would not take much to put an infra-red sensor on the robot and tell it to shoot anything alive that it encounters while on its path.  The robotic weapons systems that are coming out today have potentially great political implications, and some of them are not that dissimilar from the ECE robot.  

Robots such as ours could also serve many peaceful purposes.  An army of small robots could be unleashed on the streets of a city for the purpose of collecting garbage, for example.  Robots could be left to keep restrooms clean in remote corners of national parks.  There are many different ways that robots could become involved in politics.  
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