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Section 1: Introduction
Technology, throughout the ages, has been developed to enrich humanity.  Buildings give us shelter, electricity keeps us mobile, and computers help us connect with people like never before.  The technology of robotics also enriches our lives.  Some applications of robots have been to perform jobs in place of humans in unsafe work conditions, provide companionship, and expand the reach of top doctors to remote corners of the world.  Robotics is unique in that it requires knowledge of multiple disciplines to work together.  The field requires detailed knowledge of mechanics, electronics, and computer science.   Bit-Storm Robotics is a team of two computer scientists and two electrical engineers whose assigned project is to work together in the fascinating field of robotics.
1.1 Purpose
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.
1.2 Scope
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.
1.3 Success Criteria

The success of our team will be measured in our ability to successfully integrate mechanical, electrical, and computational systems into a single cohesive robotic system.  Our success will also be measured in our ability to use this system to fully complete the competition tasks in as an efficient manner as possible.  During the competition each team will start with 300 points.  Each task successfully accomplished will result in a point deduction; the lower the score the higher the standing for a given round.  Speed and efficiency factor into the final score.  Completing all of the tasks set before us will be regarded as a success for this team. However, the goal set by the clients and team together is to at least place in the top three in the results.

1.4 Terms 
	Color Model:
	This is a list of values used to define "channels" of color,  that help the robot distinguish color from the picture the camera sends.   Channels can be defined to represent any color.   They are usually set to represent red, green, and blue.   The color model values are set via the XBC firmware interface; however they can be set inside code.   Setting color values within code is  HIGHLY discouraged.


	“Bang Bang” control:   
	This is also known as “on-off” control.  In the context of robotics, this is when a robot that uses line following navigation continuously over-adjusts left and right in rapid succession in order to stay on the line it is following.  This problem can be solved with proportional control.  


	Firmware:
	 Computer programming instructions that are stored in a read-only memory unit rather than being implemented through software.


	Proportional Control:   
	This is the opposite of “Bang Bang” or “on-off” control.  Proportional control tries to solve the problem of overcompensation by only adjusting slightly to changing conditions rather than fully reacting and thusly overcompensating.  


	PID Control:   
	Proportional- Integral- Derivative (PID) is a control algorithm.


	Light Sensors:  
	Devices that are mounted on the bottom of the robot in order to detect the difference between light and dark.  These are frequently used for line following.   If programmed correctly, and in optimal light conditions, light sensors can detect the difference between red, green, blue, white, gray, and black as each color reflects off a different amount of light back to the sensor.


	Dead Reckoning:   
	This is the process of estimating position based upon last known position, and factoring in heading, speed, and time elapsed in order to determine a new current position.  This is often used by robots in order to calculate where the robot currently is.  


	Localization:
	This is the process by which a robot determines its current position based upon sensor data such as camera or sonar.  


	Hard Coding:   
	This is the practice of directly inserting values into code, rather than calculating them in a more flexible manner.  


	Interactive C:
	A version of the C programming language used to program XBC controller based robots.  


	XBC Controller:  
	Short for Xport Botball Controller.  This is a robot controller that utilizes a Game Boy Advance for its processing power, memory, and display.  




Section 2: Current System
The current system, which will be the basis of this project, was built last year by a team similar to this one.  This robot was built by Black Hole Robotics, the team that SIUE sent to the IEEE competition for 2007.  The requirements for the previous system were similar in some ways, but have quite a few important differences.  The current system consists of a motor and motion system, a color camera, sonar, and a pair of arms that can sweep inward to grasp objects.  
The motor system is fairly advanced according to the clients and previous documentation.  The following is a quote from the documentation on this system: 

“The motors are powerful 7.2 volt motors that should give the robot the moving power and speed needed to compete with reasonable time.  The encoders give increased precision while the robot is moving, giving the robot the best reading back on how far the robot has moved.  Using these, the team can implement a simple location tracking function that lets the robot plan paths with reasonable accuracy.” 

The motor system will prove to be invaluable for the update of this project.  Movement speed and precision will remain paramount to this project.  
The current system was required to use color recognition to find the correct objects to transport.  The 2008 competition requires the robot to use weight to distinguish objects.  Thus the color camera will be a little less important, but some sort of new weight measuring system will have to be entirely added to the system.  The color recognition will remain important, however, as the goal zones for the objects will be color coded in the final rounds.  
According to interviews with the former project’s team, the sonar was used to ensure that the robot was close enough to the transport objects to grab them.  In practice, the robot’s grasping arms were fault-tolerant enough to not necessitate the sonar as much as was originally thought.  Due to the necessary change to the grasping system, the sonar may be much more important to the new system.  
The current system has grasping arms that were designed to be extremely fault-tolerant.  They swept inward from a relatively large distance to grab the object and pull it inward toward the robot.  The object would then be transported to its destination.  The arms will have to be completely removed and redesigned for the current project, however.  This is due to the requirements that the robot be able to lift the objects slightly to slide them into containers with a “lip” a few inches above the ground.  Our project will also implement the ability to grasp and carry two objects at the same time, instead of one.  This will serve to greatly speed up the performance time of the robot.  The robot will be able to weigh the objects in relation to each other, and thus know the third object’s relative weight as well.  This will allow the robot to immediately calculate where each of the three objects final destinations lie and proceed immediately to them.  

Section 3: Process Model
3.1 Introduction
After extensive research and much deliberation, the Bit-Storm Robotics team decided to create their own custom process model.  Traditional software development process models were found to be too rigid to accommodate the dynamic nature of robotics development.  However, robots cannot be coded nor built without a detailed design first in place.  A hybrid model was created out of these criteria.

3.2 Description
Our project requires close communication and heavy involvement with our client.   It also requires each member of the group to be able to work simultaneously on various aspects of the project in tandem.  As such, Bit-Storm Robotics will be using the following process model depicted in figure 1.   

[image: image1]
Our process model is separated into two very distinct phases: A design phase, and an integration phase. The first phase is a very heavyweight and rigid process in which all design decisions are made and all goals are defined. The second phase is a much more agile approach in which all of these goals are realized. The second phase consists of solution planning, coding, testing, and integration of goals.
Our process begins by completely defining the system and its associated goals. This particular stage of the process is depicted in the blue section of the diagram. This section of our process is very rigid as many decisions must be made and cannot be changed later in the design process in order to make complete integration of the robotic system go smoothly.

Each of the previously defined goals then go through an iterative development process as depicted in the second section of the diagram in red. Each of these goals can be worked on in tandem with other goals. They are not dependant on each other. This helps facilitate the nature of the team’s separate areas of specialization. Also note the frequent reviews with the clients as per their request. This helps keep the clients in tune with the development process and facilitates constant client input. If major flaws exist, this process allows team members to revise the goals as needed.
3.3 Goal Layout

In accordance with the Bit-Storm Robotics process model, the team has broken down the entire project into many smaller goals which can be accomplished one at a time. For the most part, these goals can be worked on simultaneously, and dependencies have been avoided if at all possible.
3.3.1 Base System Design

This is the one goal upon which every other goal directly depends. The first step for Bit-Storm Robotics involves a high-level overall sketch of the complete robotic system. Without this high-level design, the other goals cannot be fully defined. This step includes defining such things as how the robot will get around, how it will handle objects, etc.
3.3.2 Drive Train

This is the system that controls the robots physical movement. This step will include defining how the robot will get around, how many wheels the robot will have (assuming it has them), how much power the movement system will require, and the like. This step also includes building and testing the system once designed.

3.3.3 Programmatic Movement
This goal involves all of the coding work behind the movement system. This step includes selection of the controlling device for the movement (XBC controller, PSoC, etc). After selection of the device to control movement, this device must be coded to effectively do so. This step also includes testing the system once designed.
3.3.4 Line Following

This step includes setting up the robot to follow the lines that will be on the game board. This will involve selection, and placement of the systems to facilitate this. Decisions will involve whether to use a color camera or light sensors to recognize the lines, the number of said devices to use, and many other decisions. This step also includes building and testing the system once designed.
3.3.5 Lift System

This objective concerns the physical construction and logical programming of the lift system. It has already been determined that it will be necessary for the robot to lift the objects a small amount off the board. This step will concern decisions involving how to accomplish this physically, as well as the coding required to operate the physical systems. This step also includes building, coding and testing the system once designed.
3.3.6 Weighing System

It is obvious that some sort of weighing system is required in order to function in this competition. This objective involves selection, design, construction, and testing of the system that will report to the robot how much a given object weighs. 
3.3.7 Color Tracking

The first rounds will not require color recognition. However, in order to be victorious in the final round a good color tracking system will be necessary. This goal consists of selection of the devices used to perform color tracking, implementation of these devices into the rest of the system, and the logic involved in the interpretation of this data.
3.3.8 Power System

It is obvious that a robot cannot function without some sort of power source. This vital step includes selection and integration of the power system for the robot. Most importantly, this step also includes testing of the system to insure that the power supply is sufficient for the robot to successfully perform all of its duties.
3.3.9 Test Materials

A successful project will require a great deal of testing of the finished system. In order to do this, an accurate version of the proposed game board and materials will need to be constructed. This will involve building or obtaining an 8’x8’ game board, painting the lines on the board, construction of the casks, and painting of the goal areas.
3.4 Communication

The team shall primarily communicate via e-mail, phone, and website.  The computer science portion of the team shall meet face-to-face twice per week (and once per week with their electrical engineering counterparts) in order to stay on the same page and collaborate effectively.   Our clients have requested that we meet with them a minimum of two times a month.  Regular updates via email and the website will also be sent as needed to all team members and clients.
3.5 Roles

Given the small size of Bit-Storm Robotics, there will be no team leader assigned for the computer science portion of the team.  Responsibilities will be equally shared between team members.  There are some distinctions however:

· Kaitlyn Schmidt and Gabriel Sanderson will be the primarily concerned with designing, coding, and testing the programmatically functional requirements of the robot.  

· Kaitlyn Schmidt will be the primary web developer.

· Gabriel Sanderson will be primarily responsible for maintaining communication within and around the team.

· Kurt Clothier and Caleb Conner will be the primarily concerned with designing, building, and testing the electrical and mechanical components of the robot.
Section 4: Detailed Requirements 

4.1 Functional Requirements
Functional Requirements are defined as “what” the system must accomplish.  These requirements steer away from details of the behavior of the functions and the implementation of the functions.
4.1.1 Movement and Navigation

Movement and navigation is easily the most important aspect of this project. Without a good system in place to handle these functions, none of the other functions matter. The robot will require some kind of movement and navigation system to traverse the competition area. “The competition area will consist of two 4’x8’ sections, joined along the long edge, to make an 8’x8’ track area. There are two 1”x 1” walls between the three receiving stations.  Also, the storage bins will have a floor that will require lifting the casks slightly” (IEEE Region 5 Robotics Competition Rules).

4.1.2 Object Handling

The robot must have some method to pick up and carry objects. The objects must be lifted a slight amount off of the playing surface in order to navigate across any potential ridges in the playing field, and also to lift the objects into the “garage” in the final round. The robot must have some capacity to weigh the objects in relation to each other in order to place them in the correct goal areas. The robot must also be able to tell when it is carrying an object. “The casks will be assembled from one Campbells® condensed soup can and four ¼” pieces of wood or other lightweight material.  Each end consists of one flat piece, and one with a hole in the center, cemented together, such that the “cask” takes on a dumbbell shape” (IEEE Region 5 Robotics Competition Rules).

4.1.3 Camera and Color Recognition

The robot must make use of exactly one camera in some capacity. The robot must also have some sort of color recognition ability for various tasks during the competition.  
4.2 Non-Functional Requirements
These are requirements that specify details about the system and how the functions are performed.  Actual design and implementation of the functions are saved for later design documents.

4.1.4 Movement and Navigation

The robot must have path finding capabilities for maneuvering around an 8x8 foot arena.   The competition is timed, so the movement must be accurate the first time, and reasonably fast. It is also required that we use the PSOCK to facilitate movement. “Bang-Bang” control must be avoided, as it will cost a great deal of time in the competition.  Movement outside of the arena results in disqualification, so the robot must be able to remain inside the arena.   
4.1.5 Object Handling

The robot must be able to pick up objects and carry them across the game board without dropping them. The robot must also keep the objects on the playing board at all times, as pushing them off of the board will result in disqualification. It is desireable that the robot be able to weigh the objects in the order they are picked up very precisely, so as to garner bonus points for the correct display of the weights.

4.1.6 Camera and Color Recognition

The code for the robot is to be kept general, so that configuration for color models can be done before rounds. The color models must not be hard-coded. Color recognition must be tested in various lighting environments and on various textures.
4.1.7 Communication

The team is to meet with the clients twice per month at a minimum. The clients would like to be much more involved with the process during this project than they have been in the past. The clients also desire that any problems that the team encounters be brought to them to come to a satisfactory solution.

4.1.8 Additional Constraints and Considerations

It is desirable that this robot be used for future demonstrations.  This will especially be the case if the contest is won, in which case the robot will likely be retired to be an example to others.  The code should be kept clean enough so that resident experts such as Dr. Weinberg be able to easily set the robot up for such demonstrations.  The only real additional constraint at this time is finances.  If additional parts are needed, Dr. Weinberg is to be consulted.  A budget of around $300-$400 is desireable.  Anything more might be more difficult, but possibly attainable if reasonable.  
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1. Overview

For the 2006 to 2007 Senior Project class, the Black Hole Robotics team is going to design and build a robot with the help of two Electrical and Computer Engineering students also doing their senior project.   The robot must be designed to compete in the IEEE robotics competition on April 21.   The team is to make the robot fulfill the requirements set in the IEEE robotic competition rules given on the competition website:  http://www.engr.uark.edu/2007ieeer5conference/2007_Robotics_Rules_Edit_2.doc
Our clients are Dr. Jerry Weinberg and Dr. George Engel.   They are faculty in the SIUE engineering department.   Getting in touch with them shouldn’t be very hard, and both are very knowledgeable with robotics, so if we have any problems we can ask them for their opinion.

2. High-Level Functionality

We must make our robot move containers around as swiftly as possible, detect colors of the containers, and deliver the containers in the priority given.   The robot must travel to one of three starting circles and pick up the first container using some kind of gripping actuator.   Then the robot must drop the can to the goal zone with the same color as the can.   In the final round, some decoy cans will be in the starting circles, so the gripping actuator must be able to pick up the correct can and deliver it successfully with another can standing beside it.

3. Stake Holders

The largest stake holders are team members, as failure means an inability to compete which would lead to a failure to honor the contract.   Dr Weinberg and Dr. Engel will lose some money in the endeavor of creating a robot for this year.   The school may be adversely affected by having a robot fail to compete for a year.   Success in this assignment will positively affect all involved, that being team members, our clients, our instructor, and our school in general.
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Figure 1 – Library Hierarchy

4. Project Needs

Our project needs first and primarily the time and effort put into it that it deserves.   Secondly, we need to purchase and implement new pieces of equipment into our robot one piece at a time, making sure we fully understand how each piece will affect the capability of the robot.   Pieces are put on in order of basic needs of our robot.   Ex.   We started with the motors because even if everything else works perfectly, inability to move is unacceptable whereas if we put motors on first we can work with limited sensor information if necessary.   Each area of our robot’s needs is categorized below.

4.1 Navigation
The robot is expected to move across an eight feet squared arena, and so error while moving is going to be unacceptable, because the slightest bit off on a 8 foot run will make us inches off before reaching the second can.   Thus, the ECE partners have installed encoders on the motors.   The motors are powerful 7.2 volt motors that should give the robot the moving power and speed needed to compete with reasonable time.   The encoders give increased precision while the robot is moving, giving the robot the best reading back on how far the robot has moved.   Using these, the team can implement a simple location tracking function that lets the robot plan paths with reasonable accuracy.

4.2 Vision Tracking

The robot must identify cans based on color.   Using the camera built in the XBC we can set it to pick up blobs of the same color as the can, and then track the blob to accurately find and approach the can.   After we’ve acquired the can we then must find the identical color goal zone and drop the can off inside the circle.

4.3 Range Finding
The robot must be able to read how far it is from the can to accurately grab the can, and avoid hitting any other cans if they are in the way.   Attaching sonar to the front of the robot should allow the robot to read distances in any circumstances, and give the team the best control over the readings the robot is receiving.

4.4 Actuators

The gripping actuator on the front of the robot and the camera’s mounted position both require servos to control movement.   Keeping track of the servo position and controlling its movement is required to use those parts properly, so a function is needed that controls those parts.

4.5 Goal Tracking
The robot needs to remember where each can needs to be taken, and which cans that it has already moved.   This can be simply taken care of with a planning function that keeps track of what the next can to be moved should be.

5. Project Risks

The project has a few more risks than the other groups because our robot is mostly physical components that can break and cannot be worked around.   There can be many real world variables that cannot be debugged or anticipated such as different lighting at the competition.   Working in Interactive C 7.0.7 took longer to learn than anticipated.   The team has had some experience with the programming language.

6. Project Payoffs

Upon completion of the project, the students will gain experience with robotics and project implementation.   The school’s engineering and robotic departments will gain a more reputation.   The school will also be able to compete in more robotic competitions, and with better success due to the documentation left behind to aid future teams.

7. Conclusion

This project has a major impact on our graduation status and success after college.   The robot competition will be a place that we can make our mark and SIUE’s mark in the IEEE community, if the team does well.   The risks are relatively low, and the payoff is pretty high.

6.2 Appendix B: Dr. Weinberg Interview
    Interviewee: Jerry Weinberg, Ph.  D.
jweinbe@siue.edu 


   Date: 09/20/2007

     Start Time: 01:00PM

       End Time: 02:00PM

   Interviewers: Kaitlyn Schmidt

Kaitlyn.Schmidt@gmail.com



 Caleb Conner


calcon79@gmail.com




 Gabriel Sanderson

gabriel.sanderson@gmail.com




 Kurt Clothier


kucloth@gmail.com

1. What expectations do you have for this year's team?
· To place within the top three at the competition.
· To have coach/team meetings at least every 2-3weeks.
2.  What features would you like to see the robot have?
· Line following via light sensors or camera.
· Distance recognition via camera or sonar.
3.  What features do you NOT want to see?
· Avoid dead reckoning and mapping.
4.  Are there any methods you would like to see used in this year's robot?
· See item 01.
5. What did you like about last year's robot?
· (Not Answered)
6.  What didn't you like about last year's robot?
· The hard coded color model.
7. Is there a hardware foundation you would like us to use?
· The hardware foundation is flexible.
8.  What software or OS foundation would you like us to use?
· XBC's and Interactive are preferred.
9. Why the IEEE competition?

· Wanted a competition that was multidisciplinary and that was held before or right at the end of the semester.   

· IEEE is more competitive than other competitions.
10. Do you have any examples of robots you where particularly impressed with? Programmatic?  Physically?
· Not really.
11.  Will this robot be used strictly for the competition?  Or will it have other uses outside of competition?

· Might be used for demonstrations if we place.
12.  What are the feature priorities?

· Accomplish the main tasks before working on other stuff.
13.  What is the most important feature you would like to see implemented?
· Efficient motion and lifting.
14.  What is the least important feature you would like to see implemented?
· Demo interface.

15.  Who will the primary user of the robot be?
· The robotics team.
16. What kind of Human-Robot Interface are you expecting?
· A simple demonstration interface.
17.  Are there any pre-existing systems you would like the robot to interface with?

· Possibly the XBee but there are no required pre-existing systems.
18. Naturally, you would like us to build the "Best Robot Possible" what does that mean to you?
· WIN, WIN, WIN!!!
19. What constraints, outside of the competition, are we looking at? Financially?
· $300.00 - $400.00 parts budget.
20. Do you have any questions for us or anything else you would like to add?
·  Consider using hard plastic wheels instead of rubber.
· The friction is too great otherwise to get accurate movement.
· Test the color model extensively.   
·  Perform white balancing.
· Try to work out a way to tell if you've grabbed something.
· All team members must be a member of IEEE, sign up ASAP! (IEEE.org)

6.3 Appendix C: ECE Proposal Document
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I.  Introduction


Our project is the design and implementation of a Robot that will compete in the 2008 IEEE Region 5 Student Robotics Contest held in Kansas City, MO.   The theme of this year’s contest is Hazardous Materials (HAZMAT) handling and storage.   To compete in the contest the robot must be able to move, manipulate, and store containers according to their weight.   These containers simulate “casks” which are similar to how an actual HAZMAT container would be in a warehouse environment.   A cask will arrive at one end of the “warehouse” and be automatically retrieved, weighed and stored in a bin designated for a certain weight classification without any human intervention.   The use of robotic manipulation is needed in this application because handling HAZMAT is harmful to human beings (Ronan, 2007).

II.  Problem Analysis


Handling and storage of hazardous materials is presented as a growing public and professional concern.   A human being’s exposure to these materials can be extremely hazardous; therefore, it is very beneficial to keep exposure to a minimum.   Furthermore, proper classification and storage of these materials is vital to having a safe and clean environment for everyone.   In the case of this competition, the HAZMAT is classified by weight before it is placed in its designated location.   In the real world this could be taken further by classifying HAZMAT by type, size, and weight.   Different types and amounts of HAZMAT require different storage methods, so this type of classification is very important.   It is also very important to develop a process to perform the handling and classification of these materials without human intervention to ensure the process can be performed safely.


This competition attempts to challenge student engineers to provide a solution by developing an autonomous robot that can move through a marked track, pick up the casks—which will be weighted with sand—and place them into designated bins for each weight.   This solution has great potential because it diminishes the need of staffing a warehouse full of people and manually operated forklifts as well as providing costly safety equipment to limit exposure to the HAZMAT; a completely autonomous system can be developed which relies on a robotic machine which can pick up the HAZMAT containers and place them in the correct storage locations.   In the long run this could also be a cheaper alternative for many HAZMAT storage facilities (Ronan, 2007).

III.  Requirements Specification


Our first goal in this project is to ensure we are able to complete the task at hand—collect three casks and place them in a specified weight order.   Other optional requirements have been added as a bonus in the competition.   We desire to make a simple design that meets these basic requirements while still giving the best performance possible.   A list of the requirements for the robotics competition is found in TABLE 3.1, modeled after examples found in the textbook Design for Electrical and Computer Engineers (Coulston, 2005).   The requirements themselves were derived from the official competition rules which can be found at http://ewh.ieee.org/conf/basics2/2008-Rules-0.php (Ronan, 2007).  
	Contest Requirements
	Engineering Requirements
	Justification

	Create an autonomous Robot
	-No taller than 36”

-“Plan” dimensions not to exceed 16”x16”

-Weigh < 50 lbs
	Robot size and weight is feasible for a small-scale competition.   

	Provide emergency stop
	-Visible red “kill” switch placed in accessible location.


	“Kill” switch is needed to stop the robot from going haywire.   Red is very easy to see.

	Do not leave the course or remove casks from the course.
	-Use light sensors to utilize provided ¾” black lines painted on the track as a guide.    
	The robot can utilize a program to stay on the black lines as well as keep from pushing the casks off the board while trying to pick them up.

	Place casks in the 3 numbered boxes in the correct specified weight order.
	-Lift and weigh the casks.

-Make robot pre-programmable to carry different combinations of routines.

-Keep casks from rolling off the robot’s lifting mechanism until they are to be placed at their specified location.

-Lifting mechanism must accommodate the 3.625” region of can between the two side boards of the casks.
	By weighing the casks a pre-determined program can then take that information and put it to action by placing the weights in the correct order.   The casks cannot fall off the robot or the routine will be messed up.

	Perform task in under 3 minutes.
	-Make robot able to carry around the max required weight while still maintaining speed.   Worse case is a full soup can.  
-Needs to be able to turn a 6” radius

-Eliminate inefficient operation.


	Heavy loading can slow down the robot so ensuring the robot is capable of handling the heaviest weight will ensure it can complete the task.   Inefficient or wasteful operation adds time to the run and less time gives more point deduction.

	Place casks in the three colored bins red, green, and yellow according to weight classification.
	-Make robot able to see and interpret the following Rust-Oleum colors:  

Sunrise Red, 7762-830

Hunter Green, 7738-830

Sunburst Yellow, 7747-830

-Make robot less dependent on lighting and texture.

-Lift cask at least 0.25” off the board

-Front of robot must not be greater than 10” wide, 6” tall, or 6” deep.


	The robot needs to see these exact colors but we do not know if they will be using wood or exactly what material.   Therefore, we cannot depend on texture.   Lighting conditions are expected to be varying especially with people walking around and casting shadows.   Robot needs to be able to lift the cask and fit it into the bins, therefore, it’s dimensions must accommodate for that.

	Display the weight of each cask in even grams.
	-Use a display capable of displaying 0.75” tall characters.

-Display the weights in order of pick up from top to bottom.
	The size of the characters makes them readable and the display order provides a way to see in what order the casks were picked up.   This is for bonus point deductions.

	Remote starting with non-audible means.
	-Use wireless method to start up the robot
	This gives bonus points plus adds to the autonomous aspect of the robot.


TABLE 3.1

IV.  Preliminary Design


To satisfy the specifications of this project, we are designing a mobile robot with the ability to locate and lift casks of differing weights.   There are two primary concepts to this robot: the physical body and the brain, or logic processor.   This is demonstrated as a simple block diagram in FIGURE 4.1.   Because  of our  partnership with computer science students,
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	our primary concern is with the physical body of the robot; although both halves of the team will have input as to what the other is doing.   As shown, the robot must be capable


of accepting data and translating that data into physical action.   The input data may come through sensors monitoring the environment around the robot involving light and touch sensing as well as camera vision.   The output of the robot is its physical movement and LCD display.   The movement of the robot consists of moving from point A to point B as well as other components such as a lift or arm performing programmed actions.   The presence of feedback between the brain and body is also noted; one must always know what the other is doing.   This proposal focuses principally on the physical body of the robot.


There are many components to be considered when designing the body.   The first of these is the drive train of the robot: how will it move around?  Another consideration is method of lifting the casks for relocating.   Because of their “dumbbell” orientation, previous grab claw designs are obsolete.   A separate component of the lift is a method for weighing each cask.   This weight must then be displayed on an LCD screen.   There are many other considerations which must also be made in the design of this robot.   A listing of these considerations is translated to a components tree in FIGURE 4.2.
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Of course, all of these separate systems are inter-related through both hard wiring and mechanical couplers such as gears.   The brain would send potentially send the commands telling the mechanical parts what to do through electric signals.   The main links between the brain and body are the various sensors on the robot and the power system.   The most obvious connection is the turning of a motor based on brain logic processed from the data of a sensor.


There are various connections—both mechanical and electrical—between each of the components.   This coupling is essential for the successful operation of the robot.   A diagram showing the most basic of components is seen is FIGURE 4.3.   Each type of connection is distinguished by color as described in the legend.  
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Thus far, we have focused on two components, the lift system and a method of weighing each cask.   Multiple concepts were generated as seen in FIGURE 4.4.
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The purpose of the multi-fork and triangle designs is to account for error in alignment between the robot and the cask.   Another way to combat this is with the use of sweeper arms.

	FIGURE 4.5 shows this general concept.   An arm would push the cask into place such that the lift could pick it up.   The reason for this consideration is our lack of knowledge of the capabilities of sensors.   If various sensors could detect an correct misalignment, a  simple fork lift should suffice.   
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A secondary consideration of the lift is the way in which it picks up each cask.   Standard fork lifts have the ability to lift and to tilt, but we are unsure at this point if both are necessary.   The answer to this question will come with testing and will undoubtedly alter original designs.   One major decision is the use of two lifts.   Although this has not been set in stone, it should greatly help the robot to perform its task in a smaller amount of time.   The completion 

	of one lift is obviously necessary before considering a second, but this two-lift system is present in our preliminary design.   This concept is shown in FIGURE 4.6.
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	       To obtain the weight measurements, the implementation of strain gauges is the most logical choice.   A strain gauge is a thin foil device capable of sensing the amount of deformation that a material undergoes.   For our design, we have chosen to utilize an Aluminum forklift prototype since that type of design can easily scoop the casks up.   This design also works well with strain gauges.   Strain gauges can be placed on the top and bottom of the base of the forklift.   Aluminum was chosen since it is light and has good flexing capability for the type of  weight we 
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will be putting on it.   As the aluminum flexes, the resistance in the gauge is either increased or decreased because of stretching or compression, respectively.   This movement is demonstrated in FIGURE 4.7.   The weight of each cask can then be found by finding the difference in each gauge and displaying the weight by incorporating a microcontroller.   

V.  Preliminary Schedule


With this project, a schedule is necessary to ensure each component is given sufficient time to be completed, but does not take so much time that the project itself goes over the provided time.    Of course, it is highly likely that the specific details of this schedule

	will change as the project gets underway due problems or the fact the specifications of the competition are subject to change.   As these obstacles and other obstacles are faced, the schedule will be altered to as such.   A preliminary schedule for this project is seen in TABLE 5.1.   As can be seen, the first priority of our team is to create a machine with the ability to perform    the   desired  
	Task Name
	Start
	Finish
	Duration

	
	1: Lift
	8/28/07
	11/10/07
	73 days

	
	  1.1: Design Mechanics
	8/28/07
	9/27/07
	30 days

	
	     1.1.1: Fork Type
	8/28/07
	9/27/07
	30 days

	
	     1.1.2: Tilt/Lift
	8/28/07
	9/27/07
	30 days

	
	  1.2: Strain Gauges
	9/27/07
	10/11/07
	14 days

	
	     1.2.1: Gauge Type
	9/27/07
	10/4/07
	7 days

	
	     1.2.2: Driver Circuit
	10/4/07
	10/11/07
	7 days

	
	   1.3: Acquire Materials
	9/27/07
	10/30/07
	33 days

	
	   1.4: Create and Test
	10/4/07
	11/10/07
	37 days

	
	2: Drive Train
	9/27/07
	11/10/07
	44 days

	
	  2.1: Design Mechanics
	9/27/07
	10/16/07
	19 days

	
	      2.1.1: Steering Type
	9/27/07
	10/4/07
	7 days

	
	      2.1.2: Wheel Placement 
	10/4/07
	10/9/07
	5 days

	
	      2.1.3: Chassis
	10/9/07
	10/16/07
	7 days

	
	  2.2: Acquire Materials
	10/9/07
	10/30/07
	21 days

	
	  2.3: Create and Test
	10/9/07
	11/10/07
	31 days

	
	3: Power Systems
	9/27/07
	10/30/07
	33 days

	
	  3.1: Decide Power Type
	9/27/07
	10/4/07
	7 days

	
	  3.2: Regulation Circuit
	10/4/07
	10/30/07
	26 days

	
	    3.2.1: Design
	10/4/07
	10/16/07
	12 days

	
	    3.2.2: Create and Test
	10/16/07
	10/30/07
	14 days

	
	  3.3: Motion Test Controller
	9/27/07
	10/18/07
	21 days

	
	     3.3.1: Design
	9/27/07
	10/4/07
	7 days

	
	     3.3.2: Create and Test
	10/4/07
	10/18/07
	14 days

	
	4: Integrate Systems
	11/10/07
	12/6/07
	26 days

	
	  4.1: Fit Together
	11/10/07
	11/27/07
	16 days

	
	  4.2: Test
	11/27/07
	12/6/07
	9 days

	
	5: Logic
	8/28/07
	12/6/07
	99 days

	
	  5.1: Needs Assessment
	8/28/07
	
	

	
	     5.1.1: Maneuverability
	8/28/07
	
	

	
	     5.1.2: Tasks
	8/28/07
	
	

	
	     5.1.3: Sensors
	9/20/07
	
	

	
	  5.2: Write Basic Code
	
	
	

	
	  5.3: Test Control Over Body
	
	
	

	
	  5.4: Integrate With Body
	
	
	

	
	
	
	TABLE  5.1


tasks by manual control.   This is why the logic portion of the schedule accounts for the most time on the schedule; it must be constantly reevaluated to ensure the designed robot is within specifications.   Throughout this time, the CS portion of our team will be creating the code for the machine to become an actual robot with the ability to react to its environment through sensory data.   Of course, they will have input in the mechanical and electrical designs just as we will help with the logic coding of the robot’s brain.

VI.  Conclusion


As can be seen, we are well on our way to making this robot a very successful senior design project.   When it comes to incredibly dangerous situations, using a robot is more practical than a human.   This applies to much more than the theme of the competition—hazardous materials—and can be useful in aspects such as space and deep sea travel as well.   Robots of this type are already in use to search for victims in a burning building or to check for and disarm bombs.   The design and logic which will be used in our project are the building blocks to other incredibly useful robotic apparatus.   Although some aspects of the competition requirements are apt to change at this point, the main concept and theme of the project will remain a constant, and our team had demonstrated multiple preliminary designs to tackle the tasks at hand.    A basis schedule has also been composed to keep the group on track.   With these things in mind, it is very apparent that the design and creation of a robot to compete in the 2008 IEEE Region 5 Student Robotics Competition will be an excellent choice for a senior design project.     
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6.4 Appendix D: IEEE Region 5 Competition Rules

Robotics Competition Rules

INTRODUCTION 
These draft rules have been issued to permit the teams to start planning their robot designs and are not intended to be “final”.  However, only a few changes are anticipated. 
 Areas where changes and/or clarifications are likely: 
  [image: image11.png]


   Actual materials and construction (including weight) of the casks. 
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   Actual construction of the storage bins, and their attachment to the track. 
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   Final team instructions. 
  [image: image14.png]


   Final scoring system. 
Because these are preliminary rules, the teams are encouraged to read them carefully and formulate any questions or proposals.  Since many teams will not start right away, do not expect a response to your questions prior to the posting of the “Version 1” rules in late-September.  We will consider all your comments carefully and attempt to include all your concerns in those rules. 
     As your hosts, we want you to have an enjoyable and interesting experience in building your robots and competing with your peers in Kansas City next April. 
 Bob Ronan, for the Kansas City Section                                        August 1, 2007 
I.       The Contest Venue

The contest will be held in the ballroom of the Intercontinental Hotel, on the Plaza in Kansas City, MO.  The space is large and reasonably bright.  The ballroom floor is carpeted.  One-fourth of the space will be used for competition rounds and will be partially partitioned to minimize distraction.  The competition space, however, will be “open” to contestants and spectators throughout the event.  Lighting is a combination of incandescent (chandeliers and “cans”) and fluorescent.  The hotel’s web site has photographs of the ballroom: http://www.ichotelsgroup.com/h/d/ic/1/en/hotel/mkcha?_requestid=178956 
 II.     Eligibility of Teams and Members

The Student Robotics Contest has been designed, over the years, as an event for undergraduate students.  However, teams that desire to compete with graduate students and/or others may notify the IEEE Kansas City Section, enter a team and compete separately from the undergraduate teams.  Any undergraduate teams may NOT include any non-undergraduates.  

In any case, all team members must be “signed up” for the regional meeting. 
  

III.   Theme of this Contest

There is considerable public and professional concern with the handling and storage of    hazardous materials.  This year’s contest is designed to test the teams’ design of robots that can manipulate these materials without human intervention. 

One essential task is to classify these materials by weight.  Thus, three will be three different container weights to simulate empty, full, and partial casks.  The containers are designed to represent the “casks” used to store some hazardous materials, such as low-level nuclear reactor products. 
 The course, or track, is intended to represent a closed storage area, with newly-arrived casks at one end and storage spaces at the other.  Lines are provided to assist the robots in performing their tasks. 
IV.The Course (Track)

A.   There are two components which comprise the Course: the Board, or Track, and the Casks.

B.   The Board:        (see Appendix A)

Most of the board (track) will be fixed, as shown in the drawing in Appendix A.  It will consist of two 4’x8’ sections, joined along the long edge, to make an 8’x8’ track area. 

Three storage bins will be affixed to the flat track for run 3 (discussed below).  These bins will be painted red, yellow, and green, inside and out. 
C.   The Casks:        (see Appendix B)

There will be three casks used in the competition.  One cask (empty) will weigh  xx  grams.  Another cask will be weighted internally to weigh a total of  2xx grams.  The third cask will be internally weighted to a total of 3xx grams.  A key part of this contest will be to determine the weight of each cask, prior to placement in its destination. 

 V.   Robot Construction

Except for pre-programming (discussed below), and starting (manual or remote), the robot must be completely automomous.  For the 2008 competition, multiple-robot designs will not be permitted. 

 As in previous years, the robot must be no taller than 36”, have “plan” dimensions not to exceed  16”x16”, and weigh less than 50 lbs.  Each robot must be equipped with a visible (red) “kill” switch to stop any “renegade” behavior.  Motion may be by any means available.  (Walking,  hopping, or flying are not excluded.)  The robot may determine the weight of a cask in any manner, as long as nothing is left on the track at the completion of a run.  The casks may be lifted or scooted, but not “thrown”.

 A weight display, if employed (see “Success Measurement” VI-D, below), must have 0.75” tall characters and show the weights in even grams.  Preferably, the three weights should be listed, top to bottom, in the sequence the casks are picked up.  If some other display technique is employed, the sequence number shall be shown in addition to the weight. 

VI.Tasks Performed

 A.   General

Each robot will be asked to move pseudo hazardous-material casks from their incoming positions to their final positions.  The final positions will be determined by the weight of each cask.  The weight can be determined by any means. 
The scoring algorithm has been designed so that success in performing the tasks correctly will be the most important criterion.  Speed in performing the tasks will be secondary.  Additional (bonus) criteria will be (in order of importance): 
§         Displaying the weight of each cask. 
§         Remote (wireless) starting.  This may consist of radio, infrared, or other (non-audible) means
B.   Starting Position and pre-Programming

Pre-programming (in response to sequence information provided by the judges) must be done “off” the course, prior to placement of the robot. 

The robot shall be placed on the course directly in front of the middle (#2) box, facing toward the center cask at the other end of the course.  Team members may not step on the course prior to their run. (It may be necessary to retrieve a robot at the end of the run.  If so, only one team member, in stocking feet, will be allowed on the course.

The casks will be placed by the judges approximately on the center of the A,B,C squares at the opposite end of the course, oriented as shown in Figure 1 of Appendix A.
The team will be given one minute for pre-programming and one minute for robot placement for each run. 
C.   Competition Rounds

There will be three rounds of competition. Eligibility for the third (final) round will be limited to the ten best-scoring teams in either of the first two rounds.  Teams may choose to “sit out” their turn in either of the first two rounds. 

In the first two rounds, the task will be to simply place the casks on the numbered squares in a specified weight sequence.  As an example, the lightest cask might go to square #1, the heaviest to square #2, and the other to square #3.  The weight sequence will be provided to the team by the judges, prior to the run, by three single digits. (In the above example, 1,3,2 – for lightest, heaviest, middle.) 
For the third round, the course will be modified.  The numbered boxes will have “storage bins” placed over them, and the robot must insert the correct cask completely inside the storage bin.  Again, a weight sequence will be provided by the judges.  For this round, the robot will need to recognize colors, as the storage bins will be colored (red, green, and yellow).  The weight sequence will be provided as before, but the position of the colored bins will be selected after pre-programming has been completed (and the robot has been placed on the course).  For example, a sequence of “2,1,3” could be provided, the robot pre-programmed by the team, then the three bins placed “R,Y,G” on the target spaces by the judges.  The robot would be required to take the middle-weight cask to the red bin, the lightest-weight cask to the yellow bin, and the heaviest cask to the green bin. 
 D.   Success Measurements

The run time will be from the time the start command is given by the judge to the time the last cask is released by the robot.  A maximum time for any run is 3 minutes. 

In the first two rounds, success will be achieved if the correct cask (by weight) is placed on the numbered square.  “On”, in this case, will mean that any part of the cask touches any part of the square, looking from directly above.  Each successfully-placed cask will deduct 50 points (seconds) from the elapsed time of the run, with an additional bonus of 50 points for correctly placing any two of them and 100 points for correctly placing all three. 

In the final round, success will be achieved if the correct cask (by weight) is placed entirely within corresponding storage bin.  A one-half credit (25 points) will be given if part of the cask is inside and part outside the bin. (The bonuses described above will apply to either full-credit or partial-credit placements.) 

Additional (bonus) credit of 15 points will be provided if a robot’s on-board display shows the correct weight of each cask, in the order it is picked up.

Additional credit of 10 points will be provided if the robot is started remotely at the “start” command. 
Robots will be disqualified for the run if: 
o       The robot leaves the surface of the course. 
o       Any cask is removed from the course. 
VII.      Scoring/Timing

 As in golf, the lowest score is the best result. 

 Each team will start each run with 300 points, equivalent to seconds of time.  The run time will be added to the starting number; then credits for correct placement of casks, correct display of weights, and remote starting will be deducted to compute the final score for the run.  For example, if team XYZ’s robot completes the run in 50 seconds, places two casks correctly, displays all weights correctly, and was successfully remote-started, their run score would be: 

                                             300        starting points 
                        plus                 50        time of run 
                        minus           100        correct placements 
                        minus              50        bonus for two correct placements 
                        minus              15        three correct weights displayed 
                        minus              10        remote start 
         175     points for the run 
VIII.       Judging

 All decisions by the judges during the course of the competition are final. 
 IX.            Questions and Comments

 Please direct your questions/comments to: ronan@ieee.org 
X.  Appendices

Appendix A. Track
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Figure 1 – Track 

The track (course) will be 8’ square; made from two 4’x8’ panels.  Track construction will be done by cementing white “tile board” to ¾” tongue-and-groove underlayment board.  The tile board will furnish a smooth surface to the robot, while the tongue-and-groove feature of the underlayment will help keep the center joint as flush as possible. 

There are two 1”x 1” walls between the three receiving stations.  Also, the storage bins will have a floor that will require lifting the casks slightly.  Otherwise, the entire track is flat.  The ¾” black lines will be painted on the track surface. 

The storage bins will be fabricated from wood or other lightweight material and will have dimensions as shown in Figure 1a.  They will be painted red, green, and yellow as follows: 

             Red:                Sunrise Red, Rust-OleumTM           7762-830 

            Green:            Hunter Green, Rust-OleumTM           7738-830 

            Yellow:            Sunburst Yellow, Rust-OleumTM      7747.830 
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 Figure 1a – Storage Bins
 Appendix B. Casks  (See Figure 2)

There will be three casks in the competition, with three different total weights.   The weight will be increased by adding ordinary sand, with the heaviest cask weighing three times the “empty” weight, and the middle cask weighing twice the “empty” weight.  The empty cask weighs xxx gm.  The casks will be assembled from one Campbells® condensed soup can and four ¼” pieces of wood or other lightweight material.  Each end consists of one flat piece, and one with a hole in the center, cemented together, such that the “cask” takes on the dumbbell shape shown in Figure 2.
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Figure 2 – Cask 
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