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1. Overview

1.1 Objective

The purpose of this project is to qualify and compete in the IEEE region 5 2006 robotics competition. The project plan document will clearly document each stage of the project development and dictate the plan of action for certain situations. The plan will outline all milestones and goals in order to track progress as well as ensure proper completion of each stage within the set deadlines.

1.2 Discussion

The project involves creating a robot to compete in the IEEE 2006 robotics competition. Our project’s objectives include, keeping the robot safe and within the regulation requirements of the competition.  Also to provide code that will allow the robot to successfully compete in the tournament. Success is based upon the completing of the course in a positive time. Negative time can be acquired by penalties. Our team assumes that the engineers will construct a safe, reliable robot by the end of December. 

1.3 Detail

The following figures show the schedule of the project. Our team will follow this schedule until the end of the spring 2006 semester.
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[image: image3.emf]ID Task Name Start Finish Duration

2006

Feb Apr Jan Mar

1 30d 2/7/2006 1/9/2006 IO Module Implementation

16d 3/9/2006 2/22/2006 Object Identification

9 40d 3/19/2006 2/8/2006 AI Module Implementation

4d 2/11/2006 2/8/2006 Sensor Calibration

2d 1/10/2006 1/9/2006 Motors

4d 4/10/2006 4/7/2006 IEEE Tournament (San Antonio, TX)

3d 1/31/2006 1/29/2006 Sonar

10d 1/26/2006 1/17/2006 CMU Camera

4d 2/7/2006 2/4/2006 Mouse

6d 1/16/2006 1/11/2006 Servos / Manipulator

6d 4/6/2006 4/1/2006 Finalize for Tournament

3d 2/3/2006 2/1/2006 Compass

2d 1/28/2006 1/27/2006 Light Sensors

10d 2/21/2006 2/12/2006 Main / Line Following

14 81d 3/30/2006 1/9/2006 Testing

10d 3/19/2006 3/10/2006 Manipulator Control

25d 5/5/2006 4/11/2006 Manuals, Documents, etc.
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2. Process Plan


The project has been divided into three stages. The first stage is the specifications of the project. Then coding and testing will be combined for the second stage. Finally, stage three will be the delivery of the system. These stages represent the evolutionary prototyping lifecycle model. This model best fits the demands of our project because of its ability to support change. If any changes occur with the hardware we can easily code and test another prototype, without changing other areas of the project.   

2.1 Specification


During the specification stage of development, the specifications of the project are to be explicitly defined based on client requests and requirements. The definition stage will ultimately end with initial completed versions of a Requirements Analysis Document (RAD), and the Project Plan document. The RAD defines the requirements and specifications of the project as analyzed by the development team. The project plan clearly documents each stage of project development including milestones and deadlines, as well as the actions to be taken in specified situations.

2.2 Programming

The programming phase of development will take the designed software architecture and implement it as useable code. There will be a separate class for each part of the hardware the system must interact with.  All of the classes will be tested first.  Each individual function will be thoroughly tested to make sure that it is operating successfully. After the classes are complete and the code is reliable, we will begin programming one module at a time. A module will consist of combining multiple classes to perform the correct operation. After a module is programmed it will then undergo testing. If a module does not meat the specification requirements in testing, then the testing will be considered a failure. The module will then undergo programming and again sent to testing.

2.2.1 Testing

During this phase of the project, the robot hardware and software will be tested.  Initially, testing will be carried out in conjunction with programming, in order to evaluate the performance of each module and thread.  The operating system will handle most of the coding for the threads. However, we do have to specify to the operating system which thread is bieng used and the correct parameters. To ensure satisfactory completion of each stage the module will be tested approximately ten times to completion.  If at any point the execution shows bad results the test will be marked as a failure. A 1000% satisfaction rating in this early 
testing stage is required to move the module on to the next stage. If the module provides unsatisfactory results, it will be returned to the programming phase for correction.  Each module will also move back and forth between testing and programming to ensure that it is of the highest performance possible even after the satisfaction rating is reached. By doing this, the team hopes to be able to achieve a 100% satisfaction rating on all software modules by the final track test. All tests will be documented using Microsoft Excel to record the results and the values of the software constants for each run, and the software which provided the best overall repeated performance will be combined with the other threads, and tested again. Software will shift between programming, modular testing, and integration testing until the group is satisfied that they have achieved the highest possible performance from the robot.   For details on the testing process refer to section 4.

2.3 Delivery

The final stage of the project is the delivery. During the delivery stage, the robot will ultimately participate in the 2006 IEEE Region 5 Technical Conference Robotics Competition in Houston, Texas. The group must complete all testing by the beginning of this stage in order to ensure a successful project.

3. Organization Plan

3.1 Analysis

The responsibilities related to analysis include review of the IEEE Region 5 Rules and Regulations, communication with client about requirements, and formation of a Requirements Analysis Document. The RAD will need to be updated as new requirements are brought forth. New requirements can originate from the client or updates to the IEEE Region 5 Rules and Regulations. The Computer Science students will split responsibilities for this area fifty-fifty, while receiving as much input from the Electrical Engineering students as possible.

3.2 Design

3.2.1 Hardware

The responsibilities related to hardware design include selection of all hardware components based on the analysis stated in the RAD.  This consists of choosing off the shelf components such as the controller, motors, and front wheels; as well as choosing materials and structure for custom-built components such as the robot base, sensors, rear wheel, and claw mechanism. The decisions concerning hardware will be equally split between the three members of the ECE group. 

3.2.2 Software

The responsibilities related to the software design include creation of a modular architecture and selection of algorithms based on data gathered and noted in the RAD. Another responsibility is the creation and maintenance of the Design Document. The Computer Science students will split the responsibilities related to software design, and will receive limited input from the Electrical Engineering students.

3.3 Programming

The programming portion of the project will entail writing and documenting the code as stated in the Design Document.  Both Computer Science students will be expected to review any code written to check for logic errors before it will be allowed to advance to the testing phase. All code will be commented in a clear and concise manner.  The Computer Science students will equally divide the programming responsibilities between them. Initially, Jason Abbett will have the responsibility of programming the drive motor, light sensor, and camera modules.  Devon Berry will be responsible for the claw, sensors, and mouse modules. Both will work together to implement the threading. These responsibilities may change if one student completes their work early, or has difficulties completing their threads.

3.4 Testing

There are several testing responsibilities, including choosing and obtaining components of a test track, developing test specifications for the robot, executing the tests, and documenting the results of the tests. Any decisions regarding the test track must be documented in the Design Document. Again, the Computer Science students will split document responsibilities evenly. During module testing each student will test the threads they did not program and document the results. During integration and track testing, both students will perform the testing as a group and record results for each individual run. All members of the group will have equal input on all other aspects of the testing. More details will be discussed in part 4.

3.5 Staff

Several other miscellaneous tasks will need to be completed throughout the duration of the project: document assembly, website development and maintenance, and presentation material creation. The group has decided that Jason Abbett will assemble all documents and logs created, while Devon Berry acts as webmaster. All presentation materials will be worked on as a group, with both members receiving equal input.

4 Test Plan

The test plan describes the detailed testing procedures for programmed modules and threads of the robot, integration of the programmed modules, and the testing of the completed robot on a mock-up of the competition track.

4.1 Class Tests

Class tests will include testing the individual classes required for robot operation and control, and the hardware each class controls. The thread for this class will also be tested with the operating system.

4.1.1 Objectives

The class test is designed to ensure the expected result is received from each function given a specified input.

4.1.2 Procedures

Each class will be tested independent of the other classes using test data.  Given a specific input, the class functions are executed with that input, and the output is monitored both on the LCD display, and in the hardware response. This will be performed for all common inputs and selected extreme inputs on each class function.  If any of the outputs differ from the expected results, the class will be sent back to the programming stage. For the motor class we will test each function and send the motors different inputs. The signal being received by the motors will appear on the screen of the XRC. The tires should also rotate depending on the signal. Each function will be tested in this manner.

4.2 Integration Tests

Integration testing will assess the modules and threads additively, both on and off the track. The threads and their modules will be tested in the following order:

Line following

Line following + Collision detection

Line following + Collision detection + Claw operation

For the line following test, we will use electrical tape on a plain white cardboard.  First the black line will just be straight. If the robot passes this test, we will add turns. After completion of this test we will then add curves and circles to the line. This will test every possibility that can occur at the competition according to the rules and regulations. The next phase will be the line following and collision detection. Using the same pieces of cardboard, we will set up obstacles imitating walls. Some of the walls will be placed where they cannot be avoided. This is done so we can test the collision detection. After the robot hits a wall it will have to find its way back to the black line. For the final test we will have cans placed out on the cardboard with the black lines. The robot must be able to locate the cans and determine its color. First we will only 
use one can.  After each successful run we will increase the number of can until there are four.  If the robot can successfully locate and distinguish all four cans, we will then and action figures to the course. The action figures will be place close to the can and the robot will need to distinguish between the can and figure.  We will test this up to three action figures, which is the maximum number that will be on the competition course. 
4.2.1 Objectives

Integration testing ensures modules interact properly and data flow follows the designed path. This includes proper execution and switching of thread processes within the robot controller. Ensure the integrated module combination with the physical robot produces the correct responses.
4.2.2 Procedures

All modules will be combined into the completed and compiled program in a specific order. The given modules and threads will be tested in this combined state to ensure that given specific input, each module properly executes and produces the final expected outcome and properly passes control or data to the next thread.  This will be performed for all common inputs and selected extreme inputs on each combination of modules. After each input is tested at least ten times and the produced result matches the expected results, the compiled code is then integrated with next module and re-tested. During this stage, should any test fail, the code is sent back to the programming stage. After the code is fixed, the modified modules must be re-tested individually before integration testing is performed again. After all inputs yield the desired action with all modules and threads combined, the robot is ready for track testing.

4.3 Track test

The track test ensures the complete robot can traverse a replica of  
the sample course without interaction from a group member. To do this, we will use a complete model of the competition track.

4.3.1 Objectives

Ensure that during autonomous execution the robot behaves as expected and performs as specified in the RAD. This test is most important, as any failure here indicates a highly possible failure during the delivery phase.  

4.3.2 Procedures

Following the competition rules as specified in the Requirements Analysis Document, the robot is tested autonomously, with no human interaction, on a complete mock-up of a competition track layout, including all symbols, and path changes. Any failures during this phase are crucial. All errors return to the programming phase for correction, as all design issues should be solved by this testing stage. This test will be run until the group members are completely satisfied with the execution of the project and prepared to deliver the final results.    

5 Change Management Plan

5.1 Baselines

The baseline for our project will come from the documents generated by our group, specifically, the Requirements Analysis Document and the Design Document.

5.2 Proposing a Change

Any member of the group, upper management, or the client may propose a change. Modifications in the IEEE Region 6 Rules and Regulations may also initiate a change to the system.

5.3 Investigating A Proposal

The team will have an initial discussion concerning any proposed change. If necessary, a plan will be developed to research or test the impacts of the change on the system. After any required information is gathered, the group will meet again to decide if the change should be implemented. This will be done by a simple vote, with the client or upper management being consulted in the event of a tie.

5.4 Risks Requiring Project Changes

· Hardware Changes - The engineering team could require a change in the robot’s hardware. This could affect the entire project in a dramatic way. 

· Incomplete Hardware - The engineering team could be unable to complete a working robot. This would effectively end the project.

· Interface Changes - The interface or language required to program the robot could be changed. This could severely affect the project.

· Design Changes - The basic artificial intelligence design could be altered. Depending on how far the project has progressed, this could affect the entire project in a negligible to dramatic way.

· Code Changes – The implementation within design modules could be changed. This should have little effect on the rest of the project.

5.5 Required Changes to Correct Risks

· Hardware changes – This shall require increased time spent to understand and alter the system to work with the changes. To reduce the time required to understand the changes, regular communication with the engineering team will be required. Team members shall try to meet with the engineering team on a regular basis.

· Incomplete Hardware – Unless our team can complete the hardware, (unlikely for CS students) there is no foreseeable way to correct this problem. Not much can be done to prevent this, as it is not our responsibility. Regular communication with the engineering team shall allow us to monitor their progress, but if they fall behind, all we can do is offer to help with what we can.

· Interface Changes – Some time shall be required to understand how to use the new interface and converting the code if it requires a new language. To prevent this, it is important to make sure which language and interface shall properly support the implementation.

· Design Changes – Any code for modules which are no longer used in the new system shall have to be thrown out. Many other modules may have to undergo significant alterations to meet the change. Much time could be needed depending on how much needs to be changed. To prevent this, a design must be agreed upon and must be checked to be sure it is the proper design to completely implement the project according to the requirements.

· Code Changes – Any code which is no longer necessary will have to be discarded. The rest of the code for the module shall need to be appended and changed. Since these changes occur within modules, the changes shall stay within the modules and shall not require changes to the rest of the project. Unless the module is very large, only a small amount of time shall be required to fix this problem. It may be difficult to prevent this since the code is not created yet, but the best method would be to plan out the implementation of the code before writing it. However, for some modules, this could take more time than correcting the errors themselves. Thus, this method shall be used on large modules only.

5.6 Implementing a Change

To implement a change, it may be necessary to re-evaluate the design of the project. If this change is due to a change in hardware, it shall be necessary to find out how the hardware change will affect the current system. If the change requires hardware changes, it shall be necessary to get approval from the engineering team.

6. Documentation Plan

6.1 Objective

The objective of this section is to outline a basic set of project documents.

6.2 Discussion

The documents which shall be written will be outlined by Dr. Waxman. All documents shall be submitted to Dr. Waxman. (This is one of them...) They shall be written partly by each member of the group.

6.3 Detail

6.3.1 Publication Procedures and Responsibilities

The responsibility of writing the documents shall be divided up between both team members. It shall ultimately be a team decision, but this shall usually be dividing the document into two even (approximately) halves. Upon completion of the halves, the team shall meet again to compile and error-check the document.

6.3.2 Project Document Outlines

Dr. Waxman will usually provide document outlines, but if he does not, the outlines and format shall be decided upon before the responsibility of writing the document is divided between the members. This shall help in the compilation of the entire document. Sections in the outlines may be added or removed as needed, but the basic structure of the outline should remain for easy compilation.

6.3.3 Document Contents

Dr. Waxman shall provide the requirements for the contents of the documents. These requirements shall be followed as much as possible.

7. Training Plan

7.1 Objective

The objective of this section is to define the training that shall be necessary to complete the project.

7.2 Discussion

Since the team members are the only ones which shall be operating the project, no training is necessary aside from learning the software and hardware used to control the robot. The learning shall occur throughout the project.

7.3 Detail

7.3.1 Internal Training

Time must be spent for the team members to learn how to write, compile, and upload code to the robot and how to use eCos threading. Some time must also be spent to learn how to activate and calibrate the robot for the tournament. Manuals, experimentation, and knowledgeable people shall be used for reference. This learning will take place as needed during the implementation and testing of the project.

7.3.2 External Training

No external training shall be required for the project. Clients wishing to operate the project after completion shall have to use manuals and other documentation for training.
8. Review and Reporting Plan

8.1 Objective

The objective of this section is to describe the means of reviewing and reporting progress.

8.2 Discussion

The reports which shall be written will be outlined by Dr. Waxman. All reports shall be submitted to Dr. Waxman. They shall be written partly by each member of the group.

8.3 Detail

8.3.1 Reviews

Team members shall get together weekly to determine what is the status of the project. 

8.3.2 Reports

8.3.2.1 Time Logs

Time logs, which contain the total amount of time worked each week, shall be created by both members. Whichever member completes their log first shall send it to the other for compilation and submission to Dr. Waxman.

8.3.2.2 Status Reports

These reports shall contain the current status of the project. They shall detail which parts of the project are working and which are not. These reports shall be submitted to Dr. Waxman for analysis.

9. Installation and Operation Plan

9.1 Objective

The objective of this section is to define the client’s responsibilities for installing and operating the accepted software system.

9.2 Discussion

Since no contact is required between the client and the system, the client shall have no responsibility to install or operate the system until after the tournament is over.

9.3 Detail

9.3.1 Installation

The system shall be installed completely by the team, so the client shall only have to install the system if it has been removed after the tournament is over. Documentation shall be provided to aid in the re-installation should this occur.

9.3.2 Operation

The system shall be operated completely by the team, so the client shall only have to operate the system after the tournament is over. Documentation shall be provided to aid in the operation of the system.

10.  Resources and Deliverables Plan

10.1 Objective

The objective of this section is to gather in one place a summary of all resource estimates.

10.2 Discussion

The resources required by this project are similar to the requirements of most software projects, with the exception of the hardware required to run the robot.

10.3 Detail

10.3.1 Manpower

72 man-hours are expected to be used on the project each month. These hours are spent by skilled Computer Science programmers.

10.3.2 Computer Resources

A windows based computer shall be required to accompany each man-hour during the project. Often it shall be required to have access to the Internet or to have a serial port to access the Xport Robot Controller.

10.3.3 Other Resources

A working robot shall be required for implementation and testing. An Xport Robot Controller shall be required to store the program and execute it. A special serial link cable shall be required to upload the program to the Xport Robot Controller.

10.3.4 Required Software

No software shall have to be purchased, but several programs shall have to be downloaded. All of these programs listed below can be found at www.charmedlabs.com in the downloads section.

10.3.4.1 Cygwin

Cygwin is a Linux-like environment for Windows. It shall be required to run the Xport Development Kit. It uses commands such as ls, cd, and make.

10.3.4.2 Xport Development Kit

The Xport DK software includes the GCC toolchain, Insight debugger, programming examples, documentation, and the Xport Logic Library. These tools shall allow us to upload code to the Xport Robot Controller. Cygwin must be installed before this can be installed. It adds a number of commands, including the upload command, to Cygwin. This command is usually contained within the makefile and executed with the make command. It uses standard C++ code, but any include files must be referenced starting from the makefile’s current location. For example, to include “math.h” you must find and copy the math.h file to your program’s directory or include the path to math.h from the program’s folder. If math.h was two folders up from your program’s folder, you would include “../../math.h.” (The “..” notation means “go up one folder.”)

10.3.4.3 Xport eCos

eCos is a powerful, open-source, real-time operating system for embedded applications. It shall allow us to easily integrate multi-threading and interrupts into our program without a lot of work. It also has a very small memory footprint, (~30K) so it should be able to fit in the Xport Robot Controller’s memory with our program. 

11.  Project Status

11.1 Objective

The objective of this section is to determine the current status of the project.

11.2 Discussion

While significant progress has been made by the engineering team, we have not made much headway. We have a good understanding of how to write the code, but we have not done much planning nor have we written much code.

11.3 Detail

11.3.1 Software

A basic design for the modules has been drawn up, but it has not been finalized and details have not been discussed. Custom code has successfully been written, complied, and uploaded to the Xport Robot Controller. We have been able to successfully run the motors using the example code provided by Michael Hall. We shall be able to adjust this code to move the robot wherever we want it to go. We have not yet experimented with moving the test servo, but it should be similar to the running the motors. We have not yet tried to obtain values from any sensors, but using Michael examples should make it easy to figure out. We have not figured out how to use the threading or interrupt features of eCos yet. No actual navigational algorithms or artificial intelligence code has been written yet.

11.3.2 Hardware

The robot’s motors have been integrated and can move the robot. The servos to move various parts on the robot are not yet working, but a single test servo can be moved successfully. The compass is working, but it has not been integrated with the robot yet, but this shall happen soon. The verilog code for the sonar is still being worked on. The mouse is working, but hasn’t been integrated yet. The CMUcamera can take pictures, but it does so very slowly. (1 every 3 seconds) It also doesn’t capture blue very well and thus, the picture looks yellowish. Corrections to these problems are being researched.

12.  Member Contributions

Jason Abbett – Wrote the first half of the document, up to section 5.3.

Devon Berry – Wrote the second half of the document, starting from section 5.4.

Both – Title page, Table of Contents, and proofreading.
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Figure 3: Evolutionary Prototyping Model














Figure 2: Spring 2006 Schedule








