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Section 1: Overview of Project
The purpose of this project is to create a functional robot that is a capable of fulfilling the required tasks of the 2008 IEEE Region 5 robotics competition. The IEEE Region 5 competition’s theme this year is a warehouse that contains hazardous materials.  It will be the job of our robot to distinguish hazardous materials from one another via color and weight detection.  Our robot will also be required to move these hazardous materials to designated areas based on the above criteria. 

Our project is far from simple and will require a great deal of coordination between teammates that must rely upon each other for our respective areas of expertise. As such, the project will have many risks involved which could easily lead to failure. Scheduling could easily slip and would be very difficult to make up for due to our varying skill sets. In light of all of this, as in any large project, a cohesive plan is required to ensure success.

Section 2: Organization Plan 

2.1 Overview of organization

The organization of the team is and was decided by group consensus. This reflects the general organization and decision making of the group as a whole. All group members are considered equal. Each has their own principal areas of concern, but all team members are responsible for all areas of the project so far as their abilities allow.
2.2 Groups and their responsibilities

The project as a whole is principally divided into two sections, due to its nature. There are mechanical, electrical, and low-level logical aspects to the robotic system that are predominantly handled by the electrical engineering half of the team. There are also many tasks which require higher-level logic, programming, and documentation which will be the primary responsibility of the computer science half of the team.

Due to the fact that each half of the team is comprised of only two members, the team will have no predefined leader. Beyond the above distinctions due to skill sets, each team member will be equally responsible for the project.
· 2.2.1 Analysis and Design 

The responsibility for the overall high-level design of the robot and its capabilities will be shared between the entire team. Decisions concerning this will be arrived by group consensus. In the event that a unanimous design decision cannot be reached even after necessary discussion and debate, the clients will be directly included in the discussion in order to come to a final decision.

Design of the higher-level logical and algorithmic systems of the robot will be the primary responsibility of Kaitlyn Schmidt and Gabriel Sanderson, the computer science team.  The computer scientists will be the primary decision makers in this area; however the electrical engineering side of the team will still take part in this process as in all others.

Physical design of the system will be the primary realm of the electrical engineers, Kurt Clothier and Caleb Conner. As this is their area of expertise, they will often make decisions in this area, but will always keep the entire team involved in the decision making process.
· 2.2.2 Coding / Building 

Programming of the system will consist of many levels, and the entire team will participate. The higher-level logic programming will be primarily performed by Gabriel Sanderson and Kaitlyn Schmidt. Lower level programming, such as that required by the PSoC will be mostly done by Caleb Conner and Kurt Clothier. The entire team will be involved with every step of the programming process in some capacity, however.

Physical construction of the mechanical and electrical components of the robot will be the primary concern of Kurt Clothier and Caleb Conner.  As this is their area of expertise, a majority of this work will be performed by them, however Gabriel Sanderson and Kaitlyn Schmidt will help as their skills allow.
· 2.2.3 Testing

Due to the fact that a robot is a system comprised of a marriage between physical and logical components, the team as a whole will be responsible for testing. However, due to our varying subjects of expertise, Kaitlyn Schmidt and Gabriel Sanderson will be primarily responsible for testing the logical aspects of the system, which Kurt Clothier and Caleb Conner will perform testing on the physical aspects before and after being integrated with the system.
2.3 Organization Chart 

Groups and Their Responsibilities

· Analysis and Design

· Entire Team

· Research contest rules

· Design a high-level solution to each task

· Communicate within team and with clients

· Electrical Engineers

· Research technology as required

· Design electrical and mechanical aspects of system

· Explain problems and solutions designed to computer scientists

· Computer Scientists

· Research technology as required

· Design programmatic and algorithmic aspects of system

· Explain problems and solutions designed to electrical engineers

· Coding / Building

· Entire Team

· Keep up to date with all members work and provide feedback

· Effectively communicate all progress and problems encountered to team and clients

· Seek approval of solutions from team and clients

· Consult clients for expertise as needed

· Document all solutions

· Electrical Engineers

· Construct physical, mechanical, and electrical systems

· Code lower level PSoC controller

· Computer Scientists

· Code higher level XBC controller

· Construct logical solutions to problems

· Testing

· Entire Team

· Test robot as much as possible in varying conditions

· Document all testing

· Discover defects in design and implementation early and often

· Consult team on solutions to any problems that arise

· Electrical Engineers

· Test each individual physical system before and after integration

· Computer Scientists

· Test each individual logical system before and after integration

Section 3: Estimation and Schedule

Work breakdown Structure:
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Figure 1 WBS Diagram
Table 1WBS Table

	WBS Level  1
	WBS Level  2
	WBS Level  3
	WBS Level  4 + 5

	
	1. IEEE Robot                 
	1. IEEE Robot                     
	1. IEEE Robot                     

	
	1.1 Movement System  35
	1.1 Movement System

     1.1.1 Drive-Train             15
     1.1.2 Movement Code   20
	1.1 Movement System      

    1.1.1 Physical Drive-Train        15

    1.1.2 Movement Code             20

	1. IEEE Robot 100
	1.2 Vision System           30
	1.2 Vision System               

    1.2.1 Color Tracking        10

    1.2.2 Line Following        20
	1.2 Vision System               

    1.2.1 Color Tracking           

        1.2.1.1 Decision Code             2

        1.2.1.2 Color Camera                  

          1.2.1.2.1 Movement Code   4

          1.2.1.2.2 Movement Motor 2

        1.2.1.3 XBC Color Model        2

    1.2.2 Line Following           

        1.2.2.1 Physical Sensors         5

        1.2.2.2 Navigational Code    15

	
	1.3 Lift System                25
	1.3 Lift System                   

    1.3.1 Strain Gauge           10

    1.3.2 Life System Code     5

    1.3.3 Fork Lift                   10
	1.3 Lift System                   

    1.3.1 Strain Gauge                     10

    1.3.2 Life System Code               5

    1.3.3 Fork Lift                             10

	
	1.4 Frame                        10
	1.4 Frame                            
	1.4 Frame                                    


For the Work Breakdown Structure (WBS), the team broke down the robot into many separate systems.  At its base, the robot consists of a movement system to get around, a lift system to pick up and weigh objects, a vision system to navigate, and a frame that pulls it all together.

The lift system consists of a physical fork lift with strain gauges implemented in order to weigh the objects being lifted. The system as a whole will require logic in order to operate.

The movement system will consist of a physical drive-train which will consist of many components not pictured here such as wheels, encoders, and the like. The movement system will also require both high level and low level logic in order to function.

The vision system is comprised of a line following system to allow the robot to follow the lines on the game board, and a color tracking system which will be required for the robot to distinguish colors of the goal areas. The line following system is made up of physical light sensors and the code which interprets the signals from those sensors. The color tracking system consists of the camera which takes the pictures to be interpreted, the XBC color models which define what is being seen and the decision making code that interprets it all. The color camera itself requires a motor for movement and code to tell it when to move.
3.1 Estimation Process 

For our timeline estimation, we used the Proxy Based Estimation (PROBE) method. Normally, this method is used for software engineering projects, but we felt that we could also apply this process to the electrical engineering side as well. 

PROBE requires a project be broken down into a series of smaller tasks, which was already done in the work breakdown structure. At this point, tasks are classified according to the type of task and the size of the task.  After doing so, past experience with tasks of that type and size are used to form an estimate of how much effort each task will take.

This method served us well because both groups within the team have had a lot of experience with similar systems in the past through school work. This allowed us to compare what we have done in the past to the tasks at hand to formulate an overall schedule.  Breaking the project down into much smaller tasks aids in the accuracy of the overall estimate, as estimates based upon smaller parts of a whole, summed up, are much more accurate than estimates blindly made on a large, entire project.
3.2 Our Schedule

Table 2 Gantt Chart Data

	ID
	Task Name
	Start Date
	End Date

	1
	IEEE Robot
	10/8/2007
	4/18/2008

	1-1
	Frame
	10/8/2007
	10/22/2007

	1-2
	Vision System
	2/19/2008
	2/26/2008

	1-2-1
	Line Following System
	2/14/2008
	2/18/2008

	1-2-2
	Color Tracking System
	2/2/2008
	2/4/2008

	1-2-1-1
	Physical Sensors
	1/15/2008
	1/22/2008

	1-2-1-2
	Navigational Code
	1/23/2008
	2/13/2008

	1-2-2-1
	XBC Color Model
	12/6/2007
	12/7/2007

	1-2-2-2
	Decision Making Code
	1/26/2008
	1/31/2008

	1-2-2-3
	Color Camera
	1/24/2008
	1/28/2008

	1-2-2-3-1
	Movement Motor
	1/15/2008
	1/16/2008

	1-2-2-3-2
	Movement Code
	1/17/2008
	1/19/2008

	1-3
	Movement System
	11/26/2007
	11/30/2007

	1-3-1
	Physical Drive-Train
	10/22/2007
	10/29/2007

	1-3-2
	Movement Code
	10/29/2007
	11/19/2007

	1-4
	Lift System
	12/4/2007
	12/6/2007

	1-4-1
	Lift System Code
	11/27/2007
	12/3/2007

	1-4-2
	Fork Lift
	11/12/2007
	11/26/2007

	1-4-3
	Strain Gauge
	10/21/2007
	11/12/2007

	Milestone
	Frame Milestone
	10/22/2007
	10/22/2007

	Milestone-0
	Movement System Milestone
	11/30/2007
	11/30/2007

	Milestone-1
	Lift System Milestone
	12/6/2007
	12/6/2007

	Milestone-2
	Color Tracking Milestone
	2/4/2008
	2/4/2008

	Milestone-3
	Line Following Milestone
	2/18/2008
	2/18/2008

	Milestone-4
	Vision System Milestone
	2/26/2008
	2/26/2008

	Break
	Thanksgiving Break
	11/19/2007
	11/25/2007

	Break-0
	Winter Break
	12/9/2007
	1/14/2008

	Break-1
	Spring Break
	3/10/2008
	3/16/2008
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Figure 3 Gantt Chart
Section 4: Risk Management Plan

Many varying risks face this project, and without a plan to deal with them this project could easily fail. Planning for the possibility of these events greatly increases the chances the team has of emerging from these situations successfully. As such, an outline of some of the more probable risks the team may have to face has been drawn up below.  
Table 3 Risk Analysis

	Risk
	Risk Chance
	Cost
	Calculated Risk
	Plan

	Temporary unavailability of team member
	10%
	1 week
	1 day
	- Meet with clients

- Re-evaluate current progress

- Re-distribute tasks if necessary

	Change in competition rules
	30%
	1 week
	2 days
	-Meet with clients

- Re-evaluate current design

- Re-design systems if necessary

	Mechanical Breakage
	30%
	1 week
	2 days
	- Replace parts from parts already available if possible

- Order parts if necessary

	Learning Curve delays
	75%
	1 week
	5 days
	- Do research

- Seek assistance from team and clients as appropriate

	Difficulties with integration
	60%
	1 weeks
	4 days
	- Do research

- Seek assistance from team and clients as appropriate

	Inter-team robot sharing time conflicts
	60%
	2 days
	1 day
	- Resolve conflict as soon as possible

- Follow goals to work in parallel as much as possible

	Running out of funds
	30%
	1 week
	2 days
	- Meet with clients

- Attempt to attain more funds if appropriate and possible

- Re-visit design to design with available parts if necessary

	Delay in deliverables from Electrical Engineers
	30%
	1 week
	2 days
	- work on other tasks if possible

- help electrical engineers if needed

	Total Risk
	
	
	19 days
	


4.1 Temporary Unavailability of Team Member

It is quite possible that at some point during this project one or more team members may become temporarily unavailable due to other school, work, or life obligations. This risk assumes a temporary situation. The reaction to such an event would greatly depend on the length of the situation. In the case of the schedule being significantly affected, a meeting with the clients would have to take place. The team would re-evaluate the progress accomplished so far, and the tasks at hand. Depending on this evaluation and if necessary, tasks may need to be redistributed to active team members depending on prioritization.
4.2 Change in Competition Rules

Judging from previous years of this competition, it is very likely that the rules of the competition will change to some degree.  A very large and significant change is very unlikely; however small changes have been known to happen. Depending on the significance of the change and the impact that it has on the current design, a meeting with the clients may be necessary. The team and clients together will evaluate the situation and how it affects the design at the time. The robot will be designed to minimize impact from such small changes, but not everything can be considered ahead of time.  In the worst case scenario, a small redesign of the robot’s physical or logical systems may be required.
4.3 Mechanical Breakage

A robot is comprised of mechanical and electrical parts which, regardless of quality, can fail temporarily or even permanently.  In this situation, the best case scenario would be that the affected parts would have replacements readily available from the school. In the more likely case, these parts would have to be ordered again and the shipping could take a week or possibly more.  Depending on the expense of the parts that failed, this could also put additional strain on the budget. In such a case, the clients would need to be consulted.
4.4 Learning Curve Delays

As this project is a learning experience for the entire team, a learning curve of some sort is extremely likely.  Since our familiarity with the techniques and technologies used is not all-inclusive, it is very difficult to anticipate the frequency and duration of the delays caused by such a curve. The best that the team can do is research and learn the tools that we are working with as quickly as possible. Luckily, the clients for this project are also experts in the area of robotics. The clients have indicated that they can be consulted in the case of delays being hit from lack of knowledge.
4.5 Difficulties with Integration

Robots are a result of the integration of many different physical and logical systems which work together to create a larger, more complex system. Due to the number, complexity, and unfamiliarity with the various smaller systems involved in the robot, difficulties integrating all of these systems are very likely to be encountered. In the case of this situation, additional research and testing will be required in order to resolve the conflict. The clients may also be consulted for their expertise in the systems so that these problems may be resolved efficiently.
4.6 Inter-team robot sharing time conflicts

Due to the fact that both the electrical engineering and the computer science portions of the team will be required to work on the same robot in tandem, time conflicts may arise. The computer scientists will require access to the robot as physical systems are integrated in order to work on the logical controls of these systems. At the same time, the electrical engineers will require access to the robot in order to further test and integrate more systems. If not planned well, this can lead to a situation where both halves of the team require the robot at the same time. In this case, a team meeting will need to be held to re-prioritize based upon the situation and resolve the conflict as soon as possible.
4.7 Running out of Funds

As in all large engineering projects, financial constraints can be a large factor in whether the project is successful or not. For this project, a limited budget of around $300-$400 is the goal.  Additional funds are possible; however they should not be depended upon. There exists a chance that the initial design of the robot may not be sufficient to perform all required tasks. If a redesign requires additional parts that were not planned for originally, the budget could easily be strained. In such a case, a meeting between the team and the clients would be mandatory, as they are the source of the project funding. The problems would be discussed, and depending on the resulting assessment, a few things could happen. Additional funding could be attempted, if the situation is serious enough. The current design could be modified with the parts that are currently used. Finally, additional parts could possibly be appropriated from the Engineering Department that has previously been purchased.
4.8 Delay in Deliverables from Electrical Engineers

Due to the nature of robotics, it is difficult for logical code to be written for the physical parts before they have been delivered. The process model for this project has been designed in order to minimize the impact of this constraint. However, it is still likely that at some point during the project, the computer scientists will be depending on hardware to be finished that may take longer than originally planned.  In such a case, the team would need to convene to discuss the tasks at hand and the prioritization therein.  Many possibilities could result from such a discussion depending on the situation. The computer scientists may be able to find some way to work on some other system while waiting on the pending deliverable.  The computer scientists may be able to help the electrical engineers in some capacity to complete their task more quickly. Lastly, the electrical engineers may be able to re-prioritize their work in order to release the system as soon as possible.
Section 5: Test Plan 

Testing is a vital part of building a system.  Strict standards and procedures are needed to ensure that a system is meeting expectations.  Each team member will be expected to outline goals and expectations for each module or subsystem he or she is working on.  These goals and expectations will be the criteria for which a module or subsystem passes or fails a given test.  Goals and expectations should align with the Project Definition document and competition rules requirements.  Tests should be designed to confirm or repudiate a module’s or subsystem’s ability to meet goals and expectations.
5.1 Module
Each module, defined as a task in the WBS, will be tested by its developer for obvious defects.  Additional tests to ensure the module’s robustness and accuracy will be administered by additional members of the team.  Modules will then be presented and reviewed by one of our clients as an additional quality check.  
5.2 Integration
Integration of individual modules into the system as a whole, will done by both the developer(s) of the module as well as the developer(s) of the subsystem to be integrated with.  Integration of subsystems is to be done as a team.  Testing of integrated subsystems and modules will be done in the same fashion as an individual module, with emphasis on catching undesired effects in existing subsystems and modules.
5.3 System
System testing will be done after each subsystem and module integration.  The system will have passed its test if it meets the outlined requirements in the developer’s goals and expectations, Project Definition document, and competition rules. 
5.4 Acceptance
Acceptance of a module or subsystem into the system as a whole is done by the client.  Only the clients’ approval of a subsystem or module will designate it as acceptable.  This in turn also applies to the system as a whole.
Section 6: Change Management Plan 

Every large project needs some kind of change management plan.  This helps keep changes documented, prevents scope creep, and ensures that the best methodologies and ideas are implemented when possible. 
6.1 Baseline

Our Project Definition (in addition to the competition rules), as well as, our Project Plan will serve as the baseline against which all changes will be measured and evaluated.
6.2 Proposing a change

All members of the team may suggest or argue for changes to the documents, presentations, hardware design, program design, leadership, and/or organizational system.  This helps to create an open and equal work environment.  
All proposed changes will need to be documented in writing, discussed with all members via e-mail, instant message, phone call, or in person, and researched by the team as a whole.

Any approved change must later be added to the appropriate document as a noted revision.  Electrical Engineers will be responsible for updating EE generated documents and Computer Scientists will be responsible for updating CS generated documents.
6.3 Investigating a change

Changes will be discussed by the team and clients as a whole before acting on them.  Special considerations will be given to those in a position of expertise.  It is the responsibility of all team members to understand the fundamental workings of each subsystem within the project and to be able to discuss and understand the impact of any proposed change.  Investigation of a proposed change is the responsibility of the whole team.  Given the small size and close understanding of each team member’s role in the team, this is not unreasonable.
6.4 Types of changes

Several parts of our system can be considered for change.  In theory no part of our system is determined permanently.  However, keeping in mind that all changes must be approved by the team, all changes can be vetoed.  Any change considered too drastic or system impacting can be vetoed at the discretion of the team or clients. 
Section 7: Other plans 

7.1 Document Plan 

Changes to documents will be handled by the original authors.  This helps to maintain the original style and feel of each document.  Changes to documents will be handled in the same fashion as all proposed changes will be handled. (See section 6).
7.3 Review and Reporting Plan

As mentioned in our Project Plan document, the team plans to report to our client as frequently as possible.  Updates will be reported via e-mail and through formal review meetings.  Meetings are to be scheduled every 2-3 weeks between the team and its clients.  Milestone meetings will also be scheduled after every major subsystem development to evaluate our progress and to catch problems early.  The results of such meetings are to be documented in each team member’s work log. 

7.5 Resource and Deliverables Plan
The working robot is to be presented and run at the 2008 IEEE Robotics Competition at the Intercontinental Hotel - Kansas City, April 17-20.  All team members and clients should be present.  All documents, presentations, code, and work logs will be made available on the team website: http://www.cs.siue.edu/SeniorProjects/2007/fall/BitStorm/
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