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Abstract 
The purpose of this project is to develop a 

robot entry for the annual IEEE SoutheastCon 

competition. The robot has to be completely 

autonomous and capable of playing the game given in 

the published guidelines. The competition is comprised 

of double elimination rounds so speed is imperative.  

 

 

1. The contest 
 

1.1. Background 
 

The IEEE SoutheastCon hardware contest originated 

from the exhibition part of the IEEE meetings that begin 

in the late 1960s. In 1980 the hardware portion of the 

conference was added to the event, which raised its 

popularity. In 2007 a record 32 teams registered for the 

event. USF had not been entered at this competition 

since 1994 when they placed in the top three. USF 

reestablished the tradition by sending a team to this 

yearôs event. 

 

1.2. Rules Outline 

 

The contest was a line following based navigation 

challenge. The points are gained by firing table tennis 

balls from the robot into a vertical hoop at the end of the 

court. The black court is 4ft by 6ft in size. White lines 

designate and link different regions.  

The contest begins with the illumination of an LED 

on the floor of the start zone. The robot must proceed 

from the rebound zone to acquire a 3 digit infrared code 

that is transmitted via an LED flush mounted to the wall. 

Once this code is acquired, it is shown on the LCD 

display on the top of the robot.  

 The robot continues directly across the court to 

the ball request zone, first shooting the three balls it 

initially had at the beginning of the match, and 

requesting more to shoot by sounding an audible alarm. 

The whole processes of receiving a new code, displaying 

it, receiving ammunition, and firing is repeated until the 

end of the match.  

 The match is limited both in time, and the 

number of balls which are shared between the robots.  

The allotted match time is 5 minutes, but the 

number of balls is limited to 26 balls total (including the 

6 that the robots start with. 
*This is a brief compilation of the rules. For a full list see Appendix C  

 

2. System  
  

The robotôs system is primarily event-driven so 

the robot only proceeds with its next step after the 

previous is executed. In parts of the code, small 

programming tricks are used to make the robot do more 

than one process at a time. 

The entire robot is controlled with a popular 

Fig.1- Court specifications 
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Ubicom SX family microcontroller. The development 

board system we used is packaged by Parallax Inc.  The 

core system was chosen for its robust nature, and high 

level language. The microcontroller unit was well- 

designed and included all the necessary program space, 

brownout detection circuitry, resonator for the clock, 

and buffer for the programming port 

(see Appendix B).  

The integration of the system was an 

enormous task. Many sensors and 

peripherals use different protocols and 

modes of communication making the 

programming challenging.  

 

 

3. Communication  
  

Each sub-system communicates with TTL logic 

levels, but often with different protocols. The motors, 

controllers, and IR receiver both operate off of a serial 

data (IEEE std. RS-232). The IR and start light detectors 

use parallel data. This data is acquired from the sensor 

interface board located in the front of the robot, and 

brought to the microcontroller over a single 28pin 

ribbon cable.  

 
Fig. 3-Assembled Robot 

 

4. Power 
 

The relatively new battery technology of 

lithium polymer is utilized. Our main battery packs are 

rated 8.6V 2,000maH nominal and 20A surge. The 

amount of energy density is what makes these packs 

remarkable, and ideal for the demanding application of 

the robot. Each battery measure 0.75ò thick and only 

2.5ò long. Three of these are utilized to power the 

Fig. 2  

Fig.4- System Overview 
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systems on the robot. Two are used in series to raise the 

voltage to a nominal 17.2V for the motor drive system. 

This is put into a regulator to bring the motor drive 

voltage to a flat 12V. This regulator is a feature of our 

particular motor controllers. The best price-point on 

these batteries was those of the 8V range.  

 
Fig. 5-Lithium-Polymer Batteries 

 

The microcontroller, motor controller, and sensor 

arrays are also driven off of a single lithium polymer 

pack. A 5V regulator in the microcontroller board is 

used to distribute power throughout these subsystems. 

Finally, the shooter mechanism is the largest 

consumer of power drawing over four amps continuous 

(determined experimentally). Even with this large load, 

the shooter can run continuously on one pack to the 

completion of the round.  

 

 

5. Mechanical 
 

5.1. Platform 

 

The robotôs main chassis is constructed out of 1/8ò 

aluminum for weight reduction. The robotôs primary 

goal is agility; therefore any place where weight could 

be reduced is utilized. The increased power to weight 

ratio also increased the robotôs top speed and 

maneuverability. The size of the chassis was picked to 

maximize the dimension for receiving ammunition. The 

rules specified maximum dimensions of 12ò by 12ò. The 

robot was cut to these specifications with a square 

pattern, giving rise to an edge in navigation.  

Once the robot is set for the main part of the 

competition, it must follow a line from one box to the 

next, and back again. A round base would not ensure 

that the robot is perpendicular to the line once it hits the 

wall on each end of the court. The flat edges re-align the 

robot each time allowing for better, faster, navigation. 

The positioning of the equipment on the robot was all 

done in the interest of performance. The weight was 

equally distributed to prevent the robot from listing to 

one side (due to one wheel braking free before the other) 

on a sudden stop.  

 

 
Fig. 6- Chassis Layout (Top View) 

 

 

5.2. Main Drive System 

     

The two motors are gear reduced 30:1 allowing 

the natural higher rpm of universal motors to be used for 

optimum power. The motors turn at a nominal 5,100rpm 

at full duty cycle. At a 30:1 gear ratio with wheels at 

3.94ò diameter, a speed of 2.92 ft/s is obtained. This 

allows the drive train to propel the robot from one end of 

the court to the other in 0.6 seconds (disregarding drag 

and acceleration time).  However, this is never fully 

realized due to the size of the court and navigation 

system delay. At these speeds, our sensor system can not 

keep up with the robot, and sends it careening into a wall 

at breakneck speed.  

    The motors are mounted axially allowing for a zero-

turn radius. This seems to be the best configuration for 

the contest, due to quick turning on a smooth flat 

surface.  

    Connected to the motors are rubber slip resistant 

wheels. The material covering the wheel was chosen to 

maximize traction. Early in development, it was 

discovered that the slightest wheel slippage hinders any 

dead-reckoning capability.  

 

 

5.3. Shooter Mechanism 

 

The design of the shooter was an important 

strategic link for the robotôs success.  To understand its 

development, we started with a basic study of the forces 

involved with delivering a ball to the target. Once the 

ball leaves the launcher, it is imparted with a certain 

velocity from the shooter. This takes the ball into the air 

where it is influenced by several aerodynamic factors.  

The ball is constantly slowed by the oncoming 

air, and lift in any direction is caused by the spin of the 
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ball relative to the air. Drag, or resistance, slows the ball 

as it travels. Assuming a true launch, the largest 

influencer of the ball are air currents in the room mostly 

imparted from the roomôs air handler. We set out to 

design a ball launcher with these forces in mind. 

  
Fig. 7- Forces acting on ball 

 

The basic strategy is to safely impart a large enough 

velocity onto the ball, thereby, not giving air currents 

time to act on its path.  

The shooter consists of two factory matched 

universal DC motors that spin at a no-load speed of 

30,000rpm. We used two foam wheels spinning in 

opposite directions to propel the ball, a system similar to 

a pitching machine. The shooterôs velocity is tested.  

Generalized Newtonian physics is used to 

calculate the time of flight from a known height. Care is 

taken to reduce any air currents. Knowing that 

acceleration in the balls vertical direction is constant, a 

speed is calculated.  

 

 
 

 

 
 

 
 

 

This makes a time of flight of 50ms.  This is 

calculated by simple trigonometry from our shooting 

position to the target. If we are pointed at the dead 

center of the target, we can move +/- 5ò in either 

direction. An air current blowing at a particular speed 

can do this.  So we calculate the worst case scenario of 

the wind perpendicular to the path of flight. 

 

5ò = .124m  

Distance=velocity*t 

0.124m/.05=2.48m/s=5.6 mph wind divergence 

 

This is a fairly strong wind. It is unlikely to have such a 

condition present in the competitionôs environment. 

However, this shows the need for the high velocity. The 

shooter meets all design constraints. 

 

5.4. Control  

 

The circuit use to control the shooter is 

relatively simple. A large PowerExÊ FET module acts 

as a switch. The motors are modulated using a control 

signal directly from the microcontroller.  

The switching component is chosen for its low 

switching voltage and total current capability. This 

component is directly enabled with the 5V TTL logic 

signal from the microcontroller, which allows us to use 

solid state pulse-width modulation to control the duty 

cycle of the motors. This allows precise control of RPM. 

 
Fig.8- Shooter control schematic 

 

Pulse width control works by varying the duty cycle 

thereby varying the average voltage.  

 
Fig. 9-Graph demonstrating Pulse Width Modulation 
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6. Start LED Detection 

 
 A photoresistor is used to detect the LED at the 

beginning of the match. Photoresistors, also known as 

CdS photoconductive cells, are simple resistors that alter 

resistance depending on the amount of light that is 

placed over them. More light means more resistance. 

 

Photoresistor value (kÝ) Condition 

100 Full Light 

10 Full Dark 

 

Table 1: Change in resistance due to light conditions 

 

 

 
Fig. 10- Photoresistor diagram 

 

To use this as a sensor, a voltage-divider circuit 

is built as the one shown below. By measuring the 

voltage drop across with the analog port of the 

microcontroller, we were able to detect when the LED 

was on and when it was off.  Voltage increased with 

light so the microcontroller interpreted this as a logical 

ó1ô. In the final circuit design, a variable resistor is used 

in series with the photoresistor and tuned until the 

required logical response is obtained, i.e., a logical ó1ô. 

(Note: A voltage of 1.4 volts or higher is interpreted by 

the BS2 microcontroller as a logical ó1ô.) 

 

 
Fig. 11- Voltage-Divider Circuit using a photoresistor 

 

 An example of the code used to test the sensor 

is given below. 

 

 

 

 

// 
' {$STAMP BS2sx} 

' {$PBASIC 2.5} 

again: 

INPUT 11               'Set pin 11 as an input 

DEBUG DEC IN11, CR    'Read DEC value on pin 11 

PAUSE 1000             'Pause for 1 second 

GOTO again             'Repeat 

 

The final snippet of code that was used when the sensor was 

integrated with the robot: 

Led_Detect: 

INPUT 11 

IF IN11=1 THEN GOTO MAIN 

GOTO Led_Detect 

// 

 The sensor is mounted on the undercarriage of 

the robotôs chassis. It is positioned on the center of the 

chassis so it would be a quarter of an inch above 

(vertically) the LED when the robot is stationed in the 

starting box.  See figures below.  

 

 

Fig.12- Chassis Layout (Bottom View) 

 

 

 

 

 

Fig. 13: Picture of sensor's position on the robot 
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7. IR Code Receiver 
 

 The basic implementation of an IR receiver is 

simple, but the constraints on its design set forth by the 

competition made this more challenging. 

One end of a resistor is connected to the Vss 

power source on the microcontroller. The other end of 

the resistor is connected to the collector of the 

phototransistor and the emitter of the phototransistor 

was connected to ground. The input pin of the 

microcontroller is connected to the collector of the 

phototransistor. When the transmitter is off, the 

phototransistor is not receiving any infrared light. 

During this time of ñdarknessò the phototransistor would 

not conduct current. Therefore, all of the voltage would 

be felt across the phototransistor. When the transmitter 

is on, the phototransistor would receive infrared light 

and allow current to pass. The phototransistor would 

absorb about 0.2V of voltage so the remaining voltage is 

dropped across the resistor. The current through the 

circuit is simply: 

 

 
where Vce was the 0.2V drop across the phototransistor. 

 

The minimum and maximum current values were 

determined by the phototransistors specification.  

This is where the importance of the resistor 

value comes in. A large resistor value causes a lower 

current to flow through the circuit. A lower current 

means that a lower amount of IR light is needed to 

produce that current. Ideally, a very high resistor value 

would be desired because it would allow for very little 

IR light to conduct the maximum allowable current. 

However, due to the non-ideal characteristics of the 

phototransistor, the higher resistor value, the longer the 

rise and fall time of Vce. If the rise and fall time of Vce 

becomes too large, the data bits would not have enough 

time to transmit, so the information would be lost.  

After testing many phototransistors, one was 

selected for its overall functionality. It worked well from 

a maximum distance of roughly eight inches from the 

transmitter and had the one of the widest angles of 

sensitivity. The angle of sensitivity is the total angle, 

from side to side, at which the phototransistor can 

absorb at enough infrared light to produce reliable 

digital data. 

The chosen phototransistor had an angle of 

sensitivity of 10 degrees. The total viewing area from 

side to side of each phototransistor can be calculated 

using the following equation: 

 

 

 

 

 
 

D is the distance between the transmitter and the 

phototransistor, q is the angle of sensitivity, and A is the 

radius of the viewing area of the phototransistor. 

 

With this phototransistor, we had a maximum viewing 

area of just over one and a quarter inches. To insure that 

the signal would be received each time, the viewing area 

needed to be better than this. 

 The robotôs alignment precision when docking 

with the code request zone could be sacrificed for speed, 

so it was decided to use a larger array of phototransistors 

to receive the code. Seven phototransistors are 

connected in parallel in the same way that the single one 

had. All of the collectors were connected to the resistor 

and to the input pin to the microcontroller, and all of the 

emitters were connected to ground. They were placed 

side by side at 1.25ò spacing. In this scheme, any 

phototransistor that received infrared light would act as 

if it were the only one in the circuit. Effectively it was 

because none of the others would be receiving infrared 

light and could be considered open circuits.  

 The final design consisted of a 5.1KW resistor 

and the seven phototransistors. This design allowed for a 

maximum current through the circuit of 0.9mA. This 

current value was low enough to be induced at the eight 

inch distance from the infrared transmitter and yet the 

resistor was not large enough to create disruptive delays 

in the rise and fall time in Vce.      

 

Code 

Transmitter

Data

5.1K

5Vdc

 
Fig. 14- IR detector array schematic 
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8. Navigation system 
  

QTI line sensors are used as a major 

component of the robotôs navigation system. These 

sensors are employed to detect the difference between 

black and white surfaces. We used the strategy of using 

the white line on the court to guide the robot to the ball 

request and rebounding zones respectively. 

 This sensor is widely used on robots that enter 

line following competitions so it was ideal for our 

purposes.  The QTI sensor uses a QRD1114 infrared 

(IR) reflective sensor to determine the reflectivity of the 

surface below it. When the QTI sensor is over a dark 

surface, the reflectivity is very low; when the QTI is 

over a light surface, the reflectivity is very high and will 

cause a different reading from the sensor.  

 

 

 

 

 

 

 

 

 

 
 

  

  

The QTI sensor is activated by placing 5 V (Vdd) on the 

W(hite) pin. This will cause current to flow through the 

470 ohm resistor to the LED side of the QRD1114. IR 

light reflecting of the surface below will cause a change 

in the ability for the current to flow through the 

phototransistor side of the QRD1114. The transistor, in 

effect, behaves like an IR controlled resistance. The 

B(lack) pin is connected to Vss and the R(ed) pin is 

connected to a pin on the microcontroller. When the IR 

transistor sees infrared reflected from the IR transistor, 

the voltage drop across the R pin is below 1.4V,which 

the BS2 microcontroller interprets as a logical ó0ô. When 

the IR LED signal is mostly absorbed by a black surface, 

the voltage drop across the R pin is above 1.4V, which 

the BS2 microcontroller interprets as a logical ó1ô.  

 We mounted eight QTI line sensors on the 

undercarriage of the robot to assist in navigating the line 

down the center of the court. Sensor array A contained 

four QTIs mounted in the front portion of the 

undercarriage and sensor array B contained four more 

mounted on the center axis of the undercarriage. For the 

optimum performance of these sensors, we found 

through experimentation that their ability to ósenseô the 

line depended on the distance they were above the 

surface.  Mounting the QTIs in a manner that they were 

close to the surface of the court greatly enhanced the 

robotôs performance in ósensingô the line.  

Originally, we used four sensors but the robotôs 

ability to make the turns was not as sharp as when four 

more sensors were added to the center. The tendency of 

the robot missing the turn and getting lost diminished 

tremendously. The use of eight sensors enabled us to 

increase the overall speed of the robot with appropriate 

programming code. 

 
Fig. 16- Layout of QTI sensors on the robotôs 

undercarriage 

 

8.1. Line Following Algorithm 
 

These sensors give a four bit value which 

determines the position of the robot over a white line. A 

bit value of ó1ô means black and a bit value of ó0ô means 

white. The following table shows the four values which 

explain the position of the robot and the expected 

actions in various zones. In the line follow mode, the 

robot must make decisions based on its positioning. This 

is a very simplified example due to the fact that we 

actually have two separate line sensor arrays acquiring 

data.  

As stated previously, we have two sets of 

sensor arrays A and B.  Array B helps the robot to center 

itself and move accordingly, while Array A navigates the 

robot along a straight path of white line. Both sensors 

are used while the robot to performs a sharp left turn. 

 By introducing timing delays in the 

programming code, we were able to enhance the 

reliability of the QTI line sensors. In other words, the 

Digital Signal Condition 

0 White surface 

1 Black surface 

Fig. 15- QTI sensor schematic 
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likelihood of the robot overcorrecting or under 

correcting too much depending on the condition on the 

line sensors was decreased. 

*a logical value of 0 denotes white 

Table 2- Representation of bit values 

 

9. Software 

 
9.1. Outline 

  

The robot needs to perform the following in a 

sequence: 

1) Exit box 

2) Go straight 

3) Turn left 

4) Go straight 

5) Turn left to enter box 

6) Get code 

7) Go backwards to enter the opposite box 

8) Shoot the balls at the hoop 

9) Give a beep to signal for more balls 

10) Shoot the balls at the hoop 

11) Go straight to the box  

12) Repeat steps 6 to 11 

We noticed that several steps are repeated. 

Therefore, we have subroutines to perform the often 

repeated functions of detection of the white line, led 

detection, and navigation.  See Appendix A for a full 

view of the flow chart outline and programming code. 

 

 

10. Team Analyses and Comments 
 

10.1. Fazir Mohammed 

  

My view is that the team performed well. 

Despite losing two members during the past few months, 

the five remaining members still did well enough to put 

together a very nice robotic design. The finished product 

was on par and somewhat superior to some of the 

designs we saw at the competition. However, it was 

disappointing not to compete knowing fully well that we 

would have done very well in the competition. In 

hindsight, we should have been more prepared for the 

failure of any component and have a plan to implement 

should we encounter any problems. 

 As for the failure of one of our motor 

controllers due to undervoltage and overcurrent 

conditions, these maybe the possible causes: 

1. Faulty wiring. 

2. Flawed protection on the controller itself. 

3. Faulty microprocessor and/or motherboard. 

4. Left wheel ñlockedò up, i.e., it was not spinning 

freely. 

 The following steps should have been taken to 

avoid or remedy the failure of the component:  

1. All connections should have been thoroughly 

checked prior to testing robot on the course. It 

is possible weak connections may have come 

loose due to movement and shaking up during 

a 1000 mile road trip. All moving parts should 

have been tested to see if they spin freely or 

not.  

2. There should have been spares of every 

component to replace any that failed during the 

competition. 

3. Components should have been made modular 

so the ease of replacing a failed component 

should not have taken too long. Trying to 

solder surface-mounted components with an 

ordinary soldering iron is just difficult. 

Components should have been ñplug and playò 

with part replacement not taking more than 

five minutes. 

Bits Position of robot Resulting action  Subroutine 

 

0000 

1)Start zone , inside 

the box 

2)Sees all white 

entering Ball request 

zone 

 

1)Go straight  

2)Stop 

1)Straightahead 

2) Commands 

are given directly 

 

1110 

Game zone,  after 

exiting box 

At the left of the line 

Go right to 

position along the 

white line 

hardright 

 

1100 

Game zone,  after 

exiting box 

At the left of the line 

Go right to 

position along the 

white line 

slighttright 

 

1001 

Game zone,  after 

exiting box is 

positioned exactly at 

the center line 

Follow white line straightahead 

 

0111 

Game zone,  after 

exiting box 

At the right of the 

line 

Go left to position 

along the white 

line 

hardleft 

 

0011 

Game zone,  after 

exiting box 

At the right of the 

line 

Go left to position 

along the white 

line 

slightleft 

 

1111 

Game zone, sees all 

black , this means 

that the robot is lost 

and lost track of its 

position 

Go to lost 

subroutine, repeat 

the previous 

action to retrieve 

position 

lost 
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4. Strict adherence to task assignments and 

project milestones so enough time could have 

been dedicated to testing and troubleshooting. 

The time dedicated for testing and 

troubleshooting should have been four to six 

weeks before competition. 

5. Extra care should have taken when connecting 

and disconnecting the batteries. 

 

I enjoyed my time spent working on the project. I 

made new friends and new colleagues. I was introduced 

to many new ideas and learnt how to function as a 

productive team player, one who does not sit on the 

sidelines and look at everyone else work. I was able to 

improve my soldering, design, and troubleshooting 

skills. Altogether, it was a rewarding experience for me 

and it gave me some insight of what it takes to be part 

of a successful design team. 

 

10.2. Ryan Copley 

 
After having lost two team members, the team 

that was left maintained a well working professional 

relationship. Each member was voluntarily assigned a 

part and took fully responsibility for their contribution to 

the project. However, this is not to say that each member 

maintained focus on only their in their part. All members 

at one time or another assisted the other members when 

tasks became difficult. This is why the final design 

worked very well even though unforeseen problems did 

arise during the competition. As a team we learned much 

and have gained the experience necessary to compete in 

and to win future competitions. It is this experience we 

wish to pass on. 

During the competition, problems arose not due 

to lack of effort, but to lack of experience in robotics. 

Our main problem during the competition was 

undervoltage and overcurrent conditions which resulted 

in the destruction of a motor controller. Other minor 

problems occurred along the way as well. The following 

is a list of problems we encountered along with 

suggestions for future teams: 

1. Interchangeability ï Part of the problem at the 

competition was the ability to quickly exchange 

destroyed or questionable parts. Making the 

robot more modular would have speed up the 

swapping time of or motor controller. 

2. Spare Parts ï From the beginning, we knew to 

buy spare parts for our inexpensive 

components. However, we did not expect to 

need to buy a new motor controller, more than 

once. Have spare parts! Even the expensive 

ones. You canôt afford not to. 

3. Time Lines ï Using some sort of calendar or 

time line chart will organize a project and give 

a good idea of how long the project might take. 

It will also give members more motivation to 

complete their tasks. Create this time line early 

on, and update it as the project comes along. 

4. Communication ï The communication on our 

team went very well. The use of email and 

weekly meetings kept us in constant contact and 

kept things moving. It is easy for the design 

process to slow down if contact is not kept 

regularly.  

 

This project was learning experience. I was 

lucky and am grateful to have worked with a team that 

worked so well together. I learned much about 

engineering that cannot be taught in the classroom. I also 

learned much about how to be a team player. Though we 

did not actually get a chance to compete, I feel the 

knowledge gained was very rewarding. Good luck to 

next yearôs team! 

 

10.3. Veena Ramasamy 

 

 This project had excellent scope of winning the 

competition. However, some inevitable factors were 

underlying reasons for our non-performance in the 

competition. I found that three areas which could have 

been handled differently that would have ensured 

success in the competition. The choice of programming 

language; schematic diagram of pins used in the 

microprocessor; and spare parts. 

  In our project, we used Pbasic as our 

programming language which has limited flexibility. It 

involved sequential programming which implies that it 

lacked object-oriented programming. As we are 

programming to accommodate event-based routines, this 

proved to be a drawback. A superior choice would be 

and object oriented programming language like C, C ++ 

or JAVA. These languages also allow modular 

programming which would have enabled to program in a 

language which we are familiar with. This would have 

saved time trying to learn a new programming language. 

Our primary reason behind choosing Pbasic was that it 

was cost-effective, when we analyzed our programming 

options. 

 Another time consuming task which proved to 

be a hurdle was a lack of a schematic of the pins used for 

various functions in the microprocessor. A good 

schematic showing the pins and its function would have 

helpful in last-minute modifications. As we always had 

the time to make changes as and when we found any 

malfunctions, we failed to observe that it is important to 

know the functions of each pin individually. A 
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preparation of such a schematic would have borne more 

fruitful results. 
 The third problem was failure of analyzing 

worst-case scenarios like lack of spare parts.  In spite of 

repeated mishaps like shorting of microcontroller etcé, 

we failed to admit that malfunction of various parts 

could occur. Hence, we didnôt have all the spare parts 

for the robot in an event of malfunction.  

 Thus, we used all our resources to make the 

project successful. 

 

10.4. Joseph Register 

 

The failure of a motor controller during the 

contest could have been avoided. The design 

requirements were well within the design range of the 

motor controller, but I think the robot was able to 

generate a condition outside of this 

controllers design criteria. I 

speculate that a power spike 

caused by a faulty connection 

caused the motor controllers H-

bridge to be destroyed.  

The two pins on the left 

were connected to the 20A battery 

pack through a voltage regulator. I 

believe that a short circuit 

occurred across our soldered 

connections to these pins. The 

controller gave a solid red light 

that was quickly deciphered when one of our team 

members called the manufacturer in California. It was 

definitely confirmed as an H-Bridge fault. Our team 

tried clearing the fault using software resets, but to no 

avail. The short circuit created a large transient power 

spike to the motor controller large enough to destroy its 

internal circuit. The robot was designed to take physical 

g-force, but the board design may not have been.  

The events leading into the competition were a 

frantic effort to try to integrate the systems we had 

designed. Due to this extra configuration, we decided to 

use a solderable (through hole) prototyping board. Many 

(32) wires were all soldered into an area of 2ò x 3ò. This 

led to a significant connection density, and could have 

been avoided with proper prototyping procedures. If a 

PCB board was designed and etched with proper 

connectors for each element, then I believe the outcome 

of the competition would have been in our favor. 

 

 

11. Conclusion 

  

This project to build an autonomous robot was 

successfully completed. Although we were not able to 

complete our repairs in time to qualify for the contest,  it 

was worthwhile to see how well it held up to some of 

our competitors. The design was innovative and unique 

because of our chassis, hopper, and shooter designs. Its 

simplicity made it stand out. Most of the robots in the 

competition had similar prefabricated designs.  

 

APPENDIX A  

 

1. Programming Code 
' {$STAMP BS2sx} 
' {$PBASIC 2.5} 
 
'----------motor stuff------------------------------- 
FM1      CON   14  óMotor header pins 

FM2      CON   12 
BAUD           CON 1021   ' 2400 bps 8 bits, no parity 
DUTYCYCLE      CON 60     'random duty cycle 0 - 256 
STACK          CON 62     'scratches ram location for return 
"stack" 
TESTS          CON 61     'number of tests run 
HIGHB          CON 59 
LOWB           CON 58 
STATUSBYTE     CON 57     ' STATUS Byte Rec'd 
ERROR          CON 56 
 
'-------------- status turning variables--------------- 
okyet  VAR  Bit 
continue1 VAR Word 
continue2 VAR Word 
continue4 VAR Word 
continue6 VAR Word 
continue7 VAR Word 
exitturn  VAR Bit 
n0 VAR Byte 
n1 VAR Byte 

n2 VAR Byte 
base VAR Word 
direction VAR Byte 
 
'-----------------qti variable--------------------------------- 
qtis     VAR Nib  ' black/white states 
SEROUT 15, BAUD, [$11]  
'------Initialization-------------------------------------- 
Led_Detect: 
INPUT 11 
IF IN11=1 THEN GOTO MAIN 
GOTO Led_Detect 
 
'----------------Main program---------------------------------- 
 
MAIN: 
base=120 
PAUSE 100 
continue1=0 
continue2=0 
continue4=0 

continue6=0 
continue7=0 
                      DO 
                       GOSUB Check_QtisB  ' Get QTI states 
                       SELECT qtis  ' Control servo speeds/directions 
                         CASE %0000 ' 
                           GOSUB straightahead 
                                 PAUSE 100 
                                  continue1=1 
                          CASE ELSE 
                                  GOSUB straightahead 
                      ENDSELECT 
                      LOOP UNTIL continue1=1 
 
'-----------------Make left turn and go straight------------------- 

Fig. 17. Motor 

controller module with 

pin header (image 

obtained form 

solutions Cubed Inc.) 
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           DO 

            base=120 
                      GOSUB Check_QtisA  ' Get QTI states 
                       SELECT qtis  ' Control servo speeds/directions 
                          CASE %1110 
                          GOSUB hardright 
                          CASE %1100 
                          GOSUB slightright 
                          CASE %1001 
                          GOSUB straightahead 
                          CASE %0111 
                          GOSUB hardleft 
                          CASE %0011 
                          GOSUB slightleft 
                          CASE %0000  
                                  GOSUB turnleft 
                                  continue2 = continue2 + 1 
                          CASE %1111 
                          GOSUB lost 
                          CASE ELSE 
                          GOSUB straightahead 
                      ENDSELECT 

                LOOP UNTIL continue2=2 
 
'-------------------------------Enter box for code------------------------------------ 
            DO 
 
            base=100 
                       GOSUB Check_QtisA  ' Get QTI states 
                       SELECT qtis  ' Control servo speeds/directions 
                          CASE %1110 
                          GOSUB hardright 
                          CASE %1100 
                          GOSUB slightright 
                          CASE %1001 
                          GOSUB Straightahead 
                          CASE %0111 
                          GOSUB hardleft 
                          CASE %0011 
                          GOSUB slightleft 
                          CASE %0000 
                             SEROUT  FM1,BAUD,[$55,$80]      ' send command 
                             SEROUT  FM2,BAUD,[$55,$80] 

                          continue4=1 
                          CASE ELSE 
                            GOSUB straightahead 
                        ENDSELECT 
                      LOOP UNTIL continue4=1 
                      GOTO gameon 
 
'-------------------robot is ready to play--------------------- 
 gameon: 
                  GOSUB code 
                   GOSUB reverseboth 
                   continue6=0 
                   continue7=0 
                   DO 
                         base=120 
                       GOSUB Check_QtisB  ' Get QTI states 
                       SELECT qtis  ' Control servo speeds/directions 
                          CASE %1110 
                          GOSUB hardright 
                          CASE %1100 
                          GOSUB slightright 

                          CASE %1001 
                          GOSUB straightahead 
                          CASE %0111 ' hard left 
                          GOSUB hardleft 
                          CASE %0011 ' slight left 
                          GOSUB slightleft 
                         CASE %0000 ' 
                                   GOSUB straightahead 
                                   continue6=continue6+1 
                                   PAUSE 150 
                          CASE %1000 ' 
                                   GOSUB hardright 
                                   continue6=continue6+1 
                                   PAUSE 150 
                          CASE %0001 ' 

                                   GOSUB hardleft 

                                   continue6=continue6+1 
                                   PAUSE 150 
                         CASE ELSE 
                              GOSUB straightahead 
                         ENDSELECT 
                      LOOP UNTIL continue6=2 
 
'--------------robot transmit code and fire balls------------------------------ 
 
                      GOSUB enterboxbackward 
                      'stop 
                      SEROUT  FM1,BAUD,[$55,$80]      ' send command 
                      SEROUT  FM2,BAUD,[$55,$80]      ' send command 
 
                      HIGH 9 
                      PAUSE 1000 
                      FREQOUT 8, 1000, 1000               ósound musical tone 
                      FREQOUT 8, 500, 1700 
                      FREQOUT 8, 500, 1900 
                      FREQOUT 8, 500, 2100  
                      PAUSE 3000 

                       LOW 9 
                      GOSUB reverseboth 
                      GOSUB exitbox 
          
DO 
                      GOSUB Check_QtisA  ' Get QTI states 
                       SELECT qtis  ' Control servo speeds/directions 
                          CASE %1110 
                          GOSUB hardright 
                          CASE %1100 
                          GOSUB slightright 
                          CASE %1001 
                          GOSUB straightahead 
                          CASE %0111 ' hard left 
                          GOSUB hardleft 
                          CASE %0011 ' slight left 
                          GOSUB slightleft 
                          CASE %0000 
                                   GOSUB straightahead 
                                   continue7=continue7+1 
                                   PAUSE 150 

                          CASE %1000 ' 
                                   GOSUB hardright 
                                   continue7=continue7+1 
                                  PAUSE 150 
                          CASE %0001 ' 
                                   GOSUB hardleft 
                                   continue7=continue7+1 
                                   PAUSE 150 
                          CASE ELSE 
                                GOSUB straightahead 
                         ENDSELECT 
                      LOOP UNTIL continue7=2 
                      'stop 
                      SEROUT  FM1,BAUD,[$55,$80]      ' send command 
                      SEROUT  FM2,BAUD,[$55,$80]      ' send command 
 
                     GOTO gameon 
 
'-------------------Subroutines--------------- 
 
'-------------------line sensors----------------- 

Check_QtisB: 
 
OUTB = %1111   ' Set OUTB bits to 1 
 ' Result -> qtis variable. 0 means white surface, 1 means 
black surface. 
DIRB = %1111   ' P7..P4 -> output 
PAUSE 0    ' Delay = 230 us 
DIRB = %0000   ' P7..P4 -> input 
PAUSE 0    ' Delay = 230 us 
qtis = INB    ' Store QTI outputs in INB 
RETURN 
 
Check_QtisA: 
OUTA = %1111   ' Set OUTA bits to 1 
DIRA = %1111   ' P0..P3 -> output 
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PAUSE 0    ' Delay = 230 us 

DIRA = %0000   ' P0..P3 -> input 
PAUSE 0    ' Delay = 230 us 
qtis = INA    ' Store QTI outputs in INA 
RETURN 
'------------------navigation--------------------------- 
turnleft: 
 
                DO 
                okyet=0 
 
                      GOSUB Check_QtisB ' Get QTI states 
                       SELECT qtis ' Control servo speeds/directions 
                          CASE %0000 ' 
                           okyet=1 
                          CASE ELSE 
                          SEROUT   FM1,BAUD,[$55,$83,50] 
                          SEROUT   FM2,BAUD,[$55,$83,50] 
                        ENDSELECT 
                LOOP UNTIL okyet=1 
               'stop motors 
               SEROUT  FM1,BAUD,[$55,$80]      ' send command 

               SEROUT  FM2,BAUD,[$55,$80]      ' send command 
               PAUSE 100 
               'reverse left motor 
               SEROUT  FM2,BAUD,[$55,$81] 
               PAUSE 5 
               'turn both motors 
               SEROUT   FM1,BAUD,[$55,$83,80] 
               SEROUT   FM2,BAUD,[$55,$83,80] 
               PAUSE 300 
                                            DO 
                                            exitturn=0 
                                  GOSUB Check_QtisA ' Get QTI states 
                                  SELECT qtis ' Control servo speeds/directions 
                                                          CASE %1001 ' Straight ahead 
                                                                      exitturn=1 
                                           'stop motors 
                                  SEROUT  FM1,BAUD,[$55,$80]      ' send command 
                                  SEROUT  FM2,BAUD,[$55,$80]      ' send command 
                                                        CASE ELSE 
                                                        PAUSE 1 
                                                        ENDSELECT 

                                                     LOOP UNTIL exitturn=1 
               'reverse LEFT motor AGAIN 
               SEROUT  FM2,BAUD,[$55,$81] 
               PAUSE 20 
               RETURN 
 
exitbox: 
               'stop motors 
               SEROUT  FM1,BAUD,[$55,$80]      ' send command 
               SEROUT  FM2,BAUD,[$55,$80]      ' send command 
               PAUSE 100 
               'turn both motors 
               SEROUT   FM1,BAUD,[$55,$83,85] 
               SEROUT   FM2,BAUD,[$55,$83,85] 
 
                DO 
                okyet=0 
                      GOSUB Check_QtisB  ' Get QTI states 
                       SELECT qtis  ' Control servo speeds/directions 
                          CASE %0000 
                          PAUSE 100 

                          direction=3 
                          okyet=1 
                          CASE %1000 
                          PAUSE 100 
                          direction=1 
                          okyet=1 
                          CASE %0001 
                          PAUSE 100 
                          direction=2 
                          okyet=1 
                          CASE ELSE 
                          GOSUB straightahead 
                          ENDSELECT 
                LOOP UNTIL okyet=1 
                PAUSE 200 

                RETURN 

 
enterboxbackward: 
           'turn both motors 
               SEROUT   FM1,BAUD,[$55,$83,85] 
               SEROUT   FM2,BAUD,[$55,$83,85] 
               PAUSE 1500 
          'stop motors 
               SEROUT  FM1,BAUD,[$55,$80]      ' send command 
               SEROUT  FM2,BAUD,[$55,$80]      ' send command 
               PAUSE 20 
               RETURN 
 
reverseboth: 
               'reverse left motor 
               SEROUT  FM2,BAUD,[$55,$81] 
               PAUSE 10 
               'reverse right motor 
               SEROUT  FM1,BAUD,[$55,$81] 
               PAUSE 10 
               RETURN 
 

hardright: 
                          SEROUT   FM2,BAUD,[$55,$83,base] 
                          SEROUT   FM1,BAUD,[$55,$83,base-30] 
                          PAUSE 10 
                          direction=1 
                          RETURN 
slightright: 
                          SEROUT   FM2,BAUD,[$55,$83,base] 
                          SEROUT   FM1,BAUD,[$55,$83,base-10] 
                          direction=1 
                          RETURN 
Straightahead: 
                          SEROUT   FM2,BAUD,[$55,$83,base] 
                          SEROUT   FM1,BAUD,[$55,$83,base] 
                          RETURN 
 
hardleft: 
                          SEROUT   FM2,BAUD,[$55,$83,base-30] 
                          SEROUT   FM1,BAUD,[$55,$83,base] 
                          PAUSE 10 
                          direction=2 

                          RETURN 
slightleft: 
                          SEROUT   FM2,BAUD,[$55,$83,base-10] 
                          SEROUT   FM1,BAUD,[$55,$83,base] 
                          direction=2 
                          RETURN 
 
code: 
                    LcdBLon        CON $11             ' backlight on 
                   n0 ="X" 
                   n1 ="X" 
                   n2 ="X" 
                   SERIN 10, 17405, [WAIT("IEEE"), n0, n1, n2] ' receive three 
bytes 
                   SEROUT 15, BAUD, [13] 
                   PAUSE 5 
                   SEROUT 15, BAUD, [ n0,n1,n2, 13] 
                   RETURN 
 
lost: 
 

     DO 
               IF direction= 2 THEN 
                     GOSUB Check_QtisA  ' Get QTI states 
                      SELECT qtis  ' Control servo speeds/directions 
                          CASE %1111 
                        SEROUT   FM2,BAUD,[$55,$83,40] 
                          SEROUT   FM1,BAUD,[$55,$83,base] 
                          CASE ELSE 
                           RETURN 
                          ENDSELECT 
                         ENDIF 
          IF direction = 1 THEN 
                DO 
                       GOSUB Check_QtisA  ' Get QTI states 
                       SELECT qtis  ' Control servo speeds/directions 
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                        CASE %1111 

                         SEROUT   FM2,BAUD,[$55,$83,base] 
                        SEROUT   FM1,BAUD,[$55,$83,40] 
                        CASE ELSE 
                         RETURN 
                         ENDSELECT 
              LOOP 
         ENDIF 
          'IF direction=3 THEN 
          'RETURN 
          'ENDIF 
          'LOOP 
'------------------------end of program------------------------------------ 
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2. Flowchart 
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APPENDIX C 

 

IEEE SoutheastCon 2007  
Student Hardware Competition  

Rules  
Released: Jan 29, 2007 

Competition Date: Mar. 24, 2007 

 

INTRODUCTION 
The central theme for the IEEE SoutheastCon 2007 

Student Hardware Competition will be BASKETBALL. 

To go along with March Madness, the competition will 

be a modified version of basketball played between two 

robots, with the winning teams advancing to the next 

round of competition. The competition will require 

numerous engineering skills, from circuits to machinery, 

and from microprocessors to dynamics of systems. 

 

THE COMPETITON BASICS 
This will be a double elimination competition with each 

match lasting five minutes. The court will be divided 

into two halves with a wall at center court that will 

separate the two robots from each other. Each robot will 

start the round in the designated starting point on its side 

of the court and will be allowed to have three balls in 

possession for early scoring. Another location on each 

side of the court is designated as the ñball request zone.ò 

A robot must travel to this location to request more 

balls. The balls will then be delivered at a third location, 

designated as the ñrebound zoneò. The robots will be 

required to request balls, catch the balls when dropped, 

shoot those balls at the hoop to score, and then repeat 

the sequence. However, a limited number of balls are 

available and will be shared by both robots. Once these 

balls are used, no more will be provided, so the two 

robots are in a race against each other as well as the 

clock. 

Once a ball is collected, there are two ways to score with 

it; one way is worth more points than the other. Any ball 

that is placed over the wall into the large net behind the 

hoop counts as a score. However, considerably more 

points can be earned by shooting the ball through the 

smaller hoop. 

 

RULES AND DESIGN PARAMETERS 

Robot Specifications  
The robotôs dimensions cannot exceed 12ò x 12ò x 12ò 

at the start of the match, however it can extend 6ò in any 

one direction after leaving the starting point. The robot 

can only use energy that is initially stored electrically 

(e.g. batteries). Use of cylinders storing any liquid or gas 

under pressure at the start of a round is prohibited. Use 

of any flammable or hazardous substance which may 

pose a safety threat in a robot is prohibited. 

 
Ball Specifications  
The balls used during competition will be Nittaku 3-star 

Premium 40mm Table Tennis Balls (professional grade 

ping pong balls). 

 
Playin g Court  
Each half-court will measure approximately 4 foot by 6 

foot (size of full court will be 4ô X 12ô, but teams will 

only need to build their half which is 4ô X 6ô). The court 

will be enclosed by a 6.75ò high wall. An extra 6ò of 

netting will be added 

along the side walls, raising the height to 12.5ò, in order 

to prevent balls from escaping the court. 

Each half of the court will contain three 12òx12ò zones 

defined by 1ò thick white lines on the playing surface. 

The zones will be 12ò inner dimension, meaning the 

distance from the outside of the white lines will be 14ò. 

These three zones are: 

1. Starting Zone 

2. Ball Request Zone 

3. Rebound Zone 

The floor and walls of the court will be painted black 

using Rustoleum flat black paint. A 1ò white line will 

run down the center of the court, with perpendicular 

lines (also 1ò) leading to the three zones on the edges. 

These lines will intersect the zone boundary in the center 

of the boundary edge. The white lines will be painted 

using Rustoleum gloss white spray paint. The layout of 

the court is shown in figure A. 

 
The Basket  
Each robot will have its own hoop located at its end of 

the court. Unlike a real basketball hoop, the hoop will be 

oriented in a vertical plane, and there will be no 

backboard. The hoop will be a 10ò inner-diameter 

octagon constructed from PVC İò pipes, with an 

attached net (made from DuPont deer netting, available 

at Lowes hardware stores) to catch any balls that pass 

through it. 

 

The hoop will be painted red and illuminated by red 

LEDs on each vertex to assist in locating and targeting 

the hoop when shooting. The hoop will be painted with 

Rustoleum ñSafety Redò spray paint. The red LEDs will 

be Digikey part number 516-1339-ND. These LEDs 

include an integrated current limiting resistor to ease 

wiring, and they will be powered at 5V. 

Behind the hoop, spanning the entire width of the court 

will be a net intended to catch any balls that pass over 

the backcourt wall, but do not make it into the hoop. The 

net will be a PVC frame (1/2ò pipe) with a height of 38ò 

and a depth of 26ò, covered in a black felt (this is shaped 

very much like a hockey goal). The PVC frame will be 
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painted black with flat black spray paint. Balls caught in 

this net will be worth some points, but less than those 

caught in the hoop. 

 

Parts required for the Hoop: 

Å 7 pieces 4" (Lowes Part number = 23811) 

Å 2 pieces 1.5" (Lowes Part number = 23811) 

Å 8 bends 45 deg (Lowes Part number = 23757) 

Å 1 tee (Lowes Part number = 23759) 

 
Ball Retrieval  
Each robot will be allowed to start with three (3) balls. 

These balls will be placed in the robot by team members 

prior to starting the match. After shooting these balls, the 

robot can collect more by visiting the ball request and 

rebound zones. 

To get more balls the robot must: 

1. Drive to the ball-request zone and get the 3-digit ball 

drop code from the infrared transmitter there (details 

below). 

2. Travel to the rebound station where it must display 

the three digit code and sound a buzzer to indicate that it 

is ready for the balls to be dropped. 

 

Start Zone 
The start zone is the 12òx12ò marked location where the 

robot will be placed before the start of the match. In the 

floor in the center of the start zone there will be a RED 

LED to signal the start of the match. This LED is the 

same as that used for hoop, described above.  

 

Ball Request Zone (Get the code) 
The ball request zone will consist of an infrared LED 

(Part #QED123, available at Digikey and elsewhere) 

transmitting a standard 2400 baud, 8-N-1 UART 

bitstream. 

The LED ñonò current is set to 100mA. The data 

transmitted will be ASCII characters representing a three 

digit decimal number, enclosed by the delimiter ñIEEEò 

before and after. This means the total transmission 

length is 11 bytes. As an example, if the code is 123, the 

transmitted sequence would be: 

 

I-E-E-E-1-2-3-I-E-E-E, or in byte values: 

0x49 0x45 0x45 0x45 0x31 0x32 0x33 0x49 0x45 0x45 

0x45 

 

A logic ó1ô (high voltage) will cause the LED to be ON. 

A logic zero means the LED will be OFF. This means 

that the idle state (when no data is being transmitted) for 

the LED is ON. 

The LED will be located on the side-court wall, above 

the center of the white line leading to the request zone, 

4ò above the playing surface. 

The transmitter will begin transmitting whenever any 

part of the robot enters the rebound zone, and will 

continue transmitting until it leaves. The sequence will 

be repeated by the transmitter once per second. The 

transmitted code will change after the current code is 

used. This means that robots must obtain a new code for 

every set of balls they receive. 

If all of the balls have been retrieved, the ball request 

zone will transmit the reserved code 999 (e.g. 

IEEE999IEEE) to indicate that there are no more balls 

available. 

However, because the last set of balls goes to the first to 

sound the buzzer, and not the first to request a code, it is 

possible to obtain a valid code and still not receive balls 

when you sound the buzzer at the rebound zone because 

your opponent has taken the last set of balls in the 

interim. 

 

Rebound Zone (Get the balls) 
Once the code is received, the robot must travel to the 

rebound station. This station, when triggered, will drop 

three balls from a 2ò PVC pipe overhead. The balls will 

be dropped from 13ò above the court, over the center of 

the rebound zone square. Before the balls can be 

dropped, the robot must display the code received from 

the ball request station so that it can be read by a 

judge standing beside the court. Although we will not 

make any hard rules for what teams must use to display 

the code, it must be clearly visible and easily read. A 

bright 7-segment display is suggested; however, other 

alternatives such as an LCD may be visible enough. 

Bigger is probably better here, but use your best 

judgment. Once the robot is in position to ñcatchò the 

falling balls, it must sound a buzzer to trigger the drop. 

Assuming the correct code has been displayed and 

verified by the judge, the balls will be dropped within 5 

seconds of the buzzer sounding. However, some part of 

the robot must be contained within the rebound zone 

when the buzzer is sounded. If it is not, the buzzer will 

be ignored and no balls will be dropped. The code can 

be displayed any time after it is received, however it 

should be displayed prior to sounding the buzzer so the 

judge has time to verify it, and it should continue to be 

displayed until after the balls are dropped. There will be 

a red LED placed on the floor directly below the ball 

drop in the center of rebound zone. The LED will be 

flush to the floor, and will be the same part as the hoop 

LEDs (see above). 

Any balls that become loose on the court (e.g. the robot 

failed to catch them, missed shots, etc.) shall be 

considered still in play, and may be picked up by the 

robots and shot. However, any balls that end up outside 

of the court will not be returned, and shall be considered 

out of play. 
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The total amount of balls allowed in a game will be 

limited to 27, including the 6 balls (3 each) that the 

robots start with. This means that there are only 21 

ñreboundò balls available and they are shared between 

the two competing robots on a first-come first-serve 

basis. When down to the last three balls, the first robot 

to sound the buzzer will get them (Assuming it is 

displaying a valid code and is at the rebound zone). 

 
Scoring  
There are two ways to score with a ball: 

1. The higher of the two scoring categories is awarded 

when the ball passes completely through the hoop and is 

stored in the net behind the hoop. A robot will be 

awarded 10 points for each ball scored in the hoop. 

2. The lower of the two scoring categories is awarded 

for balls that are caught in the net beyond the wall 

spanning the entire width of the court. This allows an 

easier form of scoring, and means that missed shots on 

the hoop are not completely worthless. Only 1 point is 

awarded for each ball caught in this net. 

In the event of a tie at the end of a match, the winner 

will be the robot that reached the final score first. In the 

event neither robot scores, both teams will receive a 

loss, and there will be a re-match between the same 

robots. If the same result is attained again, then both 

teams will be eliminated and their opponents in the next 

round will receive a bye. If one team wins the re-match, 

that team will move to loserôs bracket for the next round 

and the other team is eliminated. The next opponent in 

the winnerôs bracket will receive a bye. There is an 

exception to this rule: if neither robot scores any points, 

but one remains in the starting zone while the other 

moves out of it, the robot that left the start zone will be 

declared the winner. 

 

Match Description  
The match start is signaled to the robots by illumination 

of the red LED in the starting zone underneath where the 

robot will be parked. In case of a false start (robot 

performing any kind of movement before LEDs are 

flashed) robots will be returned to starting point and the 

match will be restarted. Each team is allowed one free 

false start. A second false start will incur a loss for the 

match. 

After the match starts, the robot must leave the ñstart 

zoneò before attempting to shoot any balls. Any points 

scored before leaving the start zone will not be counted. 

The robots must shoot all three balls before requesting 

more balls. At no time may a robot possess more than 

three balls. No balls will be dropped from the rebound 

zone unless the requesting robot currently has no balls. 

The match time is 5 minutes. Any balls leaving the robot 

(shot) at or after the end of the round signal is given 

(buzzer) will not be allowed to count as a scoring shot. 

The refereeôs call on this is final. If all balls are out of 

play (not in a robot or on the court) or both teams 

mutually declare they wish to end the match, the referee 

may end the game early. 

 
Qualification  
Prior to being allowed to compete, each robot must 

demonstrate some minimal functionality. 

 

Size Restriction 
Each entry will be tested to fit into a 12òx12òx12ò box. 

The robot must be able to be covered completely by this 

box in order to qualify to compete. 

 

Qualification Round 
Every robot will qualify for competition by 

demonstrating the ability to: 

1. Travel outside of the start zone 

2. Successfully shoot at least one ball into the hoop or 

into the base-line net behind it. 

Qualifications will be performed on Friday night before 

the competition, or early Saturday morning. There is no 

limit on the number of qualification attempts each team 

will be allowed, except that imposed by available time. 

There will be a qualification deadline several hours 

before the real competition begins to allow for 

finalization of the field and match assignments for the 

first round on the tournament chart. 

 


