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I. Introduction


Our project is the design and imp
lementation 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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