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Abstract:  

 

This report goes over the design chosen by Team 2 for the RoboX competition. The 

RoboX competition requires a robot to autonomously navigate a playing field; deliver and 

retrieve items; avoid obstacles; and return to start zone. The final design prioritized the points 

that were the most valuable for the competition based off the HOQ and Spec Sheet. The problem 

understanding section uses the HOQ, Spec Sheet and Function Tree to conclude the most 

important requirements for the competition. The concept evaluation uses an evaluation matrix, 

alternate designs, and a morph chart to show the how the final design was developed. Lastly, the 

design performance evaluation section uses the result of the competition to draw conclusions 

about the final design and improvements that can be made.   

 

Joshua Vaughan
Start numbering with the page of the Introduction section.

Joshua Vaughan
Don't number title or abstract pages.

Joshua Vaughan
Avoid. Basically 1st person.

Joshua Vaughan
Too general

Joshua Vaughan

Joshua Vaughan

Joshua Vaughan
Here, that would be a 1-2 sentence overview of the design and a summary of the competition results.



2 
 

     

Introduction:  

 

This report is about the design, for the Robo X competition, made by design team 2. The 

competition is a challenge given to engineering students to design, build, and program a robot 

that can complete a series of tasks with the purpose of gaining as many points as possible. The 

tasks involved delivery, retrieval, and navigation. Team 2 had to evaluate which tasks were the 

most important to accomplish. Then create several designs and test porotypes before eventually 

choosing a final design, which would then undergo a more intense design process. The remainder 

of the report will include an overview of the final design in Section 1; a walk-through of the 

problem understanding process in Section 2; an evaluation of the other concepts and designs 

used in Section 3; a performance evaluation of the robot in Section 4; and conclusions about the 

design in Section 5.  

Section 1:   

             Team 2’s final design was based on simplicity. It was decided that the design would only 

deliver 3 ping pong balls, retrieve 2 small beacons, and port and dock. It is driven forward with a 

contact wheel and uses two servo motors to open a door and lower a retriever arm for the 

beacons. The robot was driven by a contact wheel for approximately 4 seconds, then the code 

would wait a certain amount of time to open the servo to deliver the ping pong balls. The motor 

would then reverse for about .5 seconds, and then the servo connected to the retriever arm would 

rotate the arm to the ground. The robot would then drive backward for about 2-3 second, and 

then stop and rotate the retriever arm back up to deliver the small beacons to the data center. 
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Section 2:   

 For the RobotX competition, there are several aspects to understand before being capable of 

designing.  The competition presents a variety of obstacles including the rules of the competition, task 

hierarchy and conflicts, and budget assessment for materials.  A specification list, shown in Table 1, was 

created to help define all requirements for the competition.  The robot must not exceed 12” x 24” x 18” 

and must fit in a 2’ x 2’ start zone.  For each run, the robot must return to the start zone in less than 30 

seconds. The House of Quality tool correlates the customer requirements and engineering characteristics 

to form a better understanding of the functionality of the robot.  Table 2 shows that the most important 

requirements to team 2 are autonomous operation, robot dimensions, detect and deliver, and beacon 

retrieving; as well as the least important requirements, which are aesthetically pleasing, robust to minor 

deviations, and to can operate on stage with three other teams.  Team 2 also developed a function tree, 
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which breaks down the main functions of the device.  As seen in Figure 1, the main functions are motion, 

ping pong ball drop off, and tabasco bottle retrieval.    

Table1: RobotX Specification List 
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Figure 1: RobotX Function Tree 

Section 3: 

 Besides the final design that was presented in section II, there are two alternate RobotX designs 

created by team 2.  As seen in Table 3, a Morph Chart was formed to assist in constructing these designs.  

This design tool presents solutions to the variety of functions RobotX is expected to perform.  By 

combining different solutions, three distinctive designs were generated, the final design, and two alternate 

designs.  The first alternate design shown in Figure 2 uses a pulley- system attached to the DC motor and 

rear axle.  The device carries the ping pong balls over in a basket and uses an extending arm to push the 

basket down and then release the ping pong balls into the center ring.  Team 2 recognized that this design 

presented multiple build challenges and would interfere with the competition rules.   
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 Figure 3 shows that alternate design two has the DC motor directly spinning the rear wheel, and 

the ping pong balls resting on a rail at the end of the arm of the device.  When the robot approaches the 

edge of the ring for ping pong ball drop off, the ring will push on a bar that will come up through the rail 

triggering the ping pong balls to fall into the center ring.  Alternate design two also accounts for tabasco 

bottle retrieval.  There are two moving arms attached by a bar that drops behind the tabasco bottles and 

drags them into the start zone.  Team two recognized that by connecting the motor directly to the axel 

would create issues with balance and only allows one rear wheel. An evaluation matrix, was formed to 

numerically break down the functionality between all three designs.  This design tool assists in comparing 

customer requirements of the 3 possible designs.  Table 4 will show that as a result of the numerical 

conclusions, a final design was  

chosen.                                  Figure 2: Alternate Design 1 
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Figure 3: Alternate Design 2 
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Table 3: RobotX Morph Chart 
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Table 4: RobotX Evaluation Matrix 

 

 

Section 4:   

 The Robot’s performance merited it the semifinal rounds of the competition but lacked 

ability to win. The robot could gain dock, deliver all three ping pong balls to the center circle, 

and retrieve two Tabasco bottles to the date zone. In the first rounds the After the first three 

rounds the robot began to fail, not moving at all. The robot failed do to electrical issues with the 

wiring. The choice to have multiple different programs for the robot was useful for acquiring 

points but proved challenging when the computers ran slowly or if the code was not entirely 

accurate for the changing environment. No points were lost in going after only two Tabasco 

bottles. Avoiding completely entering the center ring prevent the robot from undergoing any 

damages or point loses do to other robots. Most assumptions made from the HOQ and Specs 

were correct. The only failures were equipment malfunctions. The equipment that failed was the 

required equipment and could not have been replace or improved during the contest. The second 

Importance Customer	Requirements

5 Must	fit	within	12"	x	24"	x	18" 4 4 4

5 Operates	less	than	30	seconds 4 4 4

3 Move	approximately	22"	to	the	outside	ring 4 4 4

4 Collect	as	many	beacons	as	possible 3 2 1

4 Return	beacons	to	data	center 3 2 1

5 Do	not	disturbe	bouys 4 4 4

5 Set	up	in	2	minutes	and	45	seconds 4 4 4

5 Autonomously	navigate	track 4 4 4

4 Move	forward,	backward,	left,	and	right 4 4 4

5 Activated	by	a	pushbutton	switch 4 4 4

3 Cost	less	than	$100 4 3 2

2 No	weight	limit	or	restriction 4 4 4

3 Device	must	return	to	start	zone 4 4 4

Absolute	Total 204 193 182

Relative	Total 0.962 0.91 0.858
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incorrect assumption was that the competition field would be the same as the testing field. The 

playing field was not the same as it had been during the testing round because of the changed 

environment.  To gain more points the design could have attempted to collect all four Tabasco 

bottles or the boiling pins. Ultimately these design choices still would have required too much 

time to build and program with too high of a risk of losing points. Overall the final design chosen 

was the best fit for the competition.   

Section 5: 

 This report goes over the final design by Team 2 in Section 1; the problem understanding 

in Section 2; the concept evaluation in Section 3; and the design performance evaluation in 

Section 4. The robot could complete all its assigned tasked and make it into the semifinal rounds 

until equipment failure. For the final design team 2 chose the best fitting applications to gain the 

most points. The problem understanding goes over how the HOQ and Specification list showed 

that the most important customer requires were to have a device that can dock, deliver ping pong 

balls, and retrieve Tabasco bottles. The concept evaluation shows the alternate designs that were 

used to develop the final design. The design performance evaluation reviews the results of the 

competition and concludes that design was a good choice for the competition but better 

equipment should have been used.  
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