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ABSTRACT 

The Clean Sweep team designed and deployed the Sweepy McMurderbot battle robot 

built on the iRobot Roomba 600 Create 2 Open Interface platform. This platform 

provided two drive wheels and one front caster wheel along with an integrated power 

source and motion-control electronics with a serial interface. The mobile platform was 

enhanced with a rotating flail type weapon, a top side shield, and wireless Joystick 

control capability. Solidworks was the common engineering environment the team 

selected for modeling and as a virtual integration platform. Three Arduino Unoôs were 

utilized. One controlled the stepper motor that powered the flail  weapon, LEDs, and the 

audio. One controlled the Roomba and sent commands over serial to the Roomba and the 

weapon controller. The last one interfaced to a Joystick and allowed the operator full 

control over the robot and commands via WiFi to the Roomba controller. All software 

subroutines were written using C/C++ language via the Arduino IDE This design project 

was completed within a 16-week period with a project cost of $1,000.00. The end goal of 

this project was to demonstrate fundamental engineering design capabilities and 

understanding, as well as designing and deploying a winning battle bot that will  crush the 

competition ï or at least smash them to bits. 
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ROOMBA BASED BATTLE BOT 

 

1 INTRODUCTION  

Robots are eventually going to take over and destroy mankind. We are just doing our part 

to make sure our deaths are as quick and painless as possible by providing upgrade paths 

for household robotic vacuums. This report describes how Team Clean Sweep converted 

the iRobot create 2 Roomba into the armored, flail-wielding monster depicted in Figure 

1. 

 

Figure 1:  Flail-Wielding Roomba 

 

Following the functional block diagram displayed in Figure 2, the household vacuum was 

transformed into a deadly battle bot. The mechanical adaptations provided a flail weapon 
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for attacking, armor for protection, and a method for securing the added electrical 

components. The electrical modifications supplied remote control capability of the robots 

movement, as well as its weapon functionality. The software developed brought the 

movement and weapon systems to life by providing a communications framework that 

gave meaning to the press of a button. The Roomba Battle bot was developed over a 16-

week schedule.  The schedule is available in Appendix B. The project had a $1,000 total 

budget.  Of this budget USI supplied $750 and the students came up with the remaining 

$250.  Much of the studentôs contributions came from scrap value for recycled materials 

scrounged by the team.  The bill of materials is available in Appendix C. 

 

 

Figure 2:  Battle Bot Block Diagram 
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2 BATTLE BOT BACKGROUND  

Battle bots have been a mainstay of American technological culture for decades. Two 

bots enter, one bot leaves.  This project embraces this culture and extends it to household 

robotic systems. 

2.1 COURSE DESCRIPTION  

The battleground is comprised of a 16 x 24 wood stage that is elevated about 3 feet above 

the audience floor. 

2.2 COMPETITION RULES  

Below is a summary of competition rules scoring that directly influenced the robot design 

and the strategy used.  These rules are also available in Appendix A. 

2.2.1 Design Requirements 

¶ The robot must be built on the iRobot Roomba sweeping robots platform.  
¶ A budget of $750 plus a donation budget of $250 is allowed for the completion of 

the robot. 
¶ No untethered projectiles, chemical warfare, or fire is allowed.  

¶ All communications must be FCC compliant. 

¶ The robot does not violate any federal or local laws and regulations.  

2.2.2 Procedure Rules 

¶ A single team member must place the robot inside the starting area. No portion of 

the robot may extend past the bounds of the starting area before the time starts. 

¶ When indicated by the judges, one individual from the team will activate the robot 

by pushing the start button or switch. Once the switch has been pushed, there can 

be no interaction between the robot and any human or machine external to the 

course until the deathmatch has been terminated. 

¶ Each challenge run will last 10 minutes. 

¶ Teams can call time, but not while engaged in battle. 

¶ The judges reserve the right to revise the competition rules between rounds if 

necessary. 
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¶ The judges reserve the right to disqualify any team for unsportsmanlike or 

unethical behavior. 

¶ The judgesô decision is final. 

2.2.3 Scoring 

Pre-Battle Scoring: 

¶ E-Stop functional: +20 points with competition not allowed until functional. 

¶ Judging by independent, unbiased observers: 

Á Aesthetics/build quality of robot: +0-20 points 

Á ñCoolnessò of design: +0-20 points 

Á Autonomous elements of design: +0-20 points (By demonstration) 

¶ Speed Challenge: the robot should traverse a 16-foot distance under a minute: +20 

points 

¶ Maneuverability Challenge: the robot should traverse a slalom course of obstacles 

and back again in under 5 minutes: +20 points. (You may not touch the opposing 

robot during this round.) 

Round scoring: 

¶ Each successful ñattackò that is landed on the opposing robot is awarded 2 points. 

The ñattackò strategies for your robot must be defined during the presentation. 

¶ If one robot fails to move/respond in 30 seconds, the round is concluded, and the 

other team is awarded 25 points. The 5-minute intermission begins immediately. 

If that robot cannot be made to respond at the end of the intermission, the 

subsequent round is forfeited, and 25 points are awarded to the other team. If that 

were Round 2, the team would have another 5 minutes to repair the robot for 

Round 3.  

¶ If the robot falls off the platform, a Time Out can be called without penalty and 

the robot is to be placed back on the platform at the end of the timeout. If no Time 

Outs are remaining and/or if the team replaces the robot quickly without making 

any adjustments to the robot, a 5-point penalty is given to that robot. 
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¶ Deductions of 50 points will be given for each projectile that enters the audience. 

Injuring an audience member will result in forfeiture of the battle.  

¶ Injuring or killing a faculty member may result in failing the course. 

2.2.4 Format 

¶ Three, 10-minute rounds are played separated by 5-minute intermissions. Robots 

can be repaired/adjusted/refueled during the intermissions. Team members may 

not touch the robots or enter the platform during the rounds. 

¶ Each team has three 2-minute Time Outs for the entire 3 round battle. Time Outs 

can be called at any time that the robots are not engaged with each other. During 

the 2-minute Time Out, both teams can repair/adjust their robots. The robots must 

be returned to the platform in time to restart the round. 

¶ If the robot falls off the platform, a Time Out can be called without penalty and 

the robot will be placed back on the platform at the end of the timeout. If no Time 

Outs are remaining and/or if the team replaces the robot quickly without making 

any adjustments to the robot, a 5-point penalty is given to that robot. 

2.3 STRATEGY  

Team Clean Sweepôs strategy was to shield Sweepy McMurderbotôs internal components 

from kinetic attack while implementing its own kinetic weapon. The external shield of 

the battle bot was created by repurposing a cooking wok that was no longer able to be 

used for food preparation. The main kinetic attack was constructed from two medieval 

chain flail balls attached to springs mounted on a rotating cage. The cage, drive motor, 

and controller are all made of salvaged materials. This weapon was designed to rotate 

around the outside of the robot and smash into the opponent or anything in proximity. 

The cage that holds the weapon also serves as a kinetic shield to block and divert attacks 

from the enemy robot. An alternative kinetic attack is to use the momentum of the system 

to smash into the opponent to cause exterior damage or to push them out of bounds. Since 

the robot created with the  iRobot Create 2 platform drives slowly, the overall team 

strategy was to build a battle bot capable of withstanding multiple attacks while 

delivering its devastating blows. 
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3 ROBOT DESIGN AND CONSTRUCTION  

3.1 SENSOR CONSIDERATIONS 

This section discusses the sensors that came equipped on the iRobot Create 2 platform 

and the methodology used to determine their value and risk to the overall design. 

3.1.1 Infrared (IR) Sensor 

The iRobot Create 2 platform came equipped with an IR sensor mounted to the top side 

of the front bumper. Under normal operations, this IR sensor can receive commands from 

an IR transmitter which could potentially halt the robot and cause it to back up or allow 

an alternate means of controlling its movements. To avoid the potential risk of another 

team exploiting this weakness, the IR sensor was deactivated and removed from the 

design.  

Initially team Clean Sweep sought to use the IR functionality as another weapon, 

however after extensive testing, it was learned that the IR sensor is ignored when the 

robot is under serial control and in Full-Mode. Given this, it was decided not to integrate 

the IR Roomba functionality into the final robot since we would only be able to control 

regular Roomba vacuums in Passive mode. 

3.1.2 Proximity and Touch Sensors 

The iRobot Create 2 platform came equipped with multiple proximity and touch sensors 

mounted around the interior of the front bumper. Under normal operations, these sensors 

can receive commands which could potentially halt the robot and cause it to back up or 

change direction. To avoid the potential risk of another team exploiting this weakness, 

the proximity and touch sensors were deactivated and removed from the design. This is 

done by putting the Roomba directly into Full mode when it is activated. 

3.1.3 Movement Sensor 

The iRobot Create 2 platform came equipped with a movement sensor mounted on the 

bottom side of the robot at the front end of the chassis. This sensor is comprised of a 

rollerball and a photoelectric detector that indicated motion by observing the rollerball as 

it transitioned from white to black. Using this sensor, the robot could tell if it had become 
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stuck and was no longer moving forward. While under manual control, this sensor would 

be of very little benefit to the battle bot. To accommodate the requirement for an 

autonomous movement capability, this sensor was allowed to remain on the platform and 

was integrated into the design. However, after some changes to the rules about 

autonomous mode and the obstacle navigation portion, it was determined that these 

sensors would not be needed after all. 

3.1.4  Sensor Selection 

After careful consideration, the decision was made to not use any existing sensors while 

operating. It is configured as a receive instruction only device. This means that the 

operator must determine if anything needs to be restarted, avoided, or bashed into.  

3.2 MOBILITY CONSIDERATIONS 

This section discusses the different drive train components that came equipped on the 

iRobot Create 2 platform and the methodology used to determine their value to the 

overall design. 

3.2.1 Drive System Selection 

The drive system selected for this design was the Roomba 600 series wheel and drive 

motor modules which were purchased as part of the iRobot Create 2 platform. 

Consideration was given to redesigning the drive system to increase robot speed but was 

not implemented. This decision was made due to the limited drivetrain space provided by 

the chassis and the overall budget constraints. Additionally, the stock drive train 

components that the iRobot Create 2 platform came with can move up to 50 pounds with 

no significant reduction in performance. Given this performance, it was decided to utilize 

the stock drive system. 

3.2.2  Chassis Selection 

The chassis selected for this design was the Roomba 600 series frame which was 

purchased as part of the iRobot Create 2 platform. This chassis and platform were 

selected due to the limited project budget. The iRobot Create 2 platform provided an 
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inexpensive chassis solution that was extracted from refurbished Roomba 600 series 

vacuum robots.  

3.2.3 Motion Motor Controller  

The drivetrain motor controller used in this design was the embedded Roomba 600 series 

control board which was purchased as part of the iRobot Create 2 platform. This decision 

was made to reduce the total design and implementation time, as well as to avoid the 

added component cost.  

3.2.4 Wheel Selection 

The wheels selected for this design were the Roomba 600 series wheel and drive motor 

modules which were purchased as part of the iRobot Create 2 platform. These wheels, as 

previously discussed in the drive system section, a redesigned was considered, but not 

performed due to budget and time constraints.  

3.3 CUSTOM PARTS  

This section discusses the custom parts and weapons that were designed and added to the 

iRobot Create 2 platform.  

3.3.1 Flail Weapon 

The flail weapon is a stepper motor-driven circular cage that has two spiked balls 

designed to spin around and smash into the opponent. The salvaged stepping motor was 

manufactured by Minebra Co. Ltd. This Astrosyn miniangle stepper type 34PM-C102-15 

moves 1.8 degrees per step, is 3 volts per phase, and consumes 4 Amps per phase is 

shown in Figure 3.  
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Figure 3:  34PM-C102-15 Stepping Motor 

 

The critical takeaway from the data plate is that each phase can handle 4 amps because 

they provide 0.74 Ohms of resistance. This is a six-wire motor and was configured as a 

two-phase connected motor. In this case, Red and Black are Phase A; Green and White 

are phase B as shown in Figure 4. Because we did not have manufacturer data on the 

motor, the wiring was determined by ohming-out the wires and then connecting them up 

to a bench driver circuit.  Ramp up and direction were tested out to ensure the motor 

responded properly and would not overheat.  
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Figure 4:  Six Wire Unipolar Stepper Motor [1] 

 

The Arduino Uno provides clock step pulses to determine the rotation speed and 

direction. A salvaged G201 chopper-style stepper motor driver, seen at the top of Figure 

5, converts the step and direction controls into signals to generate the micro-step pulses to 

drive the two stepper motor coils.  

 

Figure 5:  G201 Chopper-Style Stepper Motor Driver 
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This controller is rated at 7 amps output, +24 to 80 Volts Direct Current (VDC) input, 

and is manufactured by GeckoDrive. The most important aspect of driving a stepper 

motor is not to exceed its current rating. This controller is configured with resistor values 

shown in Table 1 to generate 4 amps per coil.  The drive is operated at 40 volts to rapidly 

raise the current in the inductive windings to reach magnetic saturation more quickly and 

improve the speed characteristics of the motor. 

Table 1:  G201 Resistors to Set Output Current 

1A 2A 3A 4A 5A 6A 7A 

8.2K ɋ 18K ɋ 36K ɋ 62K ɋ 120K ɋ 270K ɋ OPEN 

 

The weapon battery is a 40-Volt 3-Amp-hour lithium-ion designed for Black and Decker 

40v Max cordless power tools. The 40-volt battery is connected through a fuse, then the 

safety cutoff switch, and finally tied to the G201 motor controller. A power tap is tied to 

the input side of the safety cutoff switch and is routed to a separate on/off switch to the 

onboard Arduino Unoôs. With this wiring approach, the weapon could be disabled while 

repairs, testing, and development was happening to the control electronics. 

This fusion of mechanical design and control electronics allows the operator to swing the 

700-gram spiked flail balls (as shown in Figure 6) in either direction with a spin-up to top 

speed of roughly 5 seconds. 
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Figure 6:  Spiked Flail Ball 

 

The cast chain attachment point was deemed too weak to be used as the only anchor. A 

5/16ò hole was drilled through each ball and an eye bolt was secured as is shown in 

Figure 7. 

 

Figure 7:  Flail Balls with Eyebolts Installed 
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The flail balls were connected to utility springs that were connected to the circular frame 

as shown in Figure 8.  In addition, an aircraft cable safety lanyard was run down the 

middle of the spring and anchored the flail ball to the clamping hardware attached to the 

rotation frame.  The spring was used to act as a shock absorber when impacting a target ï 

reducing the peak force seen by weapon motor and robot. 

 

Figure 8:  Flail Ball on Spring with Safety Cable 

 

The flail balls were attached to a welded frame that was constructed to ISO 15607:2003 

[3] and welded to meet or exceed AWS D1.2 [11].  This aluminum frame shown in 

Figure 9 was made with scrap material.  The rolled band at the bottom is supported with 

Ĳò square bar stock that has support gussets and a circular cylinder to which the  stepper 

motor connects.  The Ĳò vertical bars allow the flail ball clamps to slide up and down by 

loosening the ¼-20 U-bolt nuts and sliding the assembly to a new location and then 

tightening it again.  This allows the weapon's impact height to be tuned to an optimal 

location. 
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Figure 9:  Aluminum Welded Weapon Frame 

 

 

An Arduino Uno with WiFi was used to control the Roombaôs through its Mini -DIN 

serial port.   The WiFi Uno also activated a separate Uno that was dedicated to weapon 

motor control. The weapon motor Uno was used to supply a pulse chain. The Arduino 

Uno used over a serial connection to the Roomba control board transformed the low 

power controlling signals into a voltage and current capable of driving and commanding 

the robot through iRobotôs Opcodes. This was done to reduce the tasking on the Roomba 

Uno controller as well as ensure that the pulsing occurred precisely and was not delayed 

by other tasks. 

All circuit boards were inspected to ANSI/IPC-A-600J [4] & IPC-6012E [5] to ensure 

they did not have any obvious defects that would interfere with their performance. 
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3.3.2 Exterior Shield 

The nonstick coating on the steel wok (shown in Figure 10) had failed, and it had begun 

to rust. Since it was no longer used for food preparation it was upcycled into an armored 

housing to protect the plastic Roomba body and provide a mount point for the emergency 

stop button and speakers.  

 

Figure 10:  Wok Armor Shell 

 

3.3.3 Drive Enhancements 

The Roomba tended to rock when starting up because of the tricycle configuration it uses 

with two drive wheels and one coasting ball.  To improve stability, a Teflon glider 

(shown in Figure 11) was added to the bottom of the Roomba.  It is mounted with screws 

that thread into helicoils that are mounted in the Teflon.  Teflon is relatively soft and this 

arrangement allows for a more aggressive thread over more surface area inside the Teflon 

to carry the mounting force.  The aluminum plate was added to the bottom of the Roomba 

as a protective shield over the control electronics in case our opponent has an attack that 

manages to reach under the robot.  
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Figure 11: Teflon Glider Added to Bottom of Roomba 

 

3.3.4 Optical Weapon 

The Roomba is designed with an IR receiver that can be used to drive the robot or keep it 

away from specific spaces. When we received the Create 2 robots it was unknown if the 

platform would respond to IR commands while under serial control. To test this out, an 

IR virtual wall and an IR motion transmitter were both used while the Roomba was in 

various modes. They both worked while it was in autonomous (Passive) mode ï however, 

when under serial control (Safe / Full) the IR receiver was ignored. Since it is assumed 

that the opposite team will be controlling their robot through serial mode (whether in Full 

or Safe) this would not be an effective weapon so further integration efforts were not 

developed. 

3.3.5 Lights and Sound 

The Roomba was upgraded with dazzling lights and sound.  Figure 12 shows the light 

emitting diodes (LED) located on the top of the stepper motor that provides WiFi 

connection status by changing colors as the link is established.  The circular appendages 

on either side of the motor are speakers for playing terrifying, soul crushing music ï or as 

cool features to score style points. 
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Figure 12:  Lights and Speakers 

 

3.3.6 Electrical Layout 

A circuit board mounting plate was 3D printed out of polylactic acid (PLA) and mounted 

in the space inside the Roomba that used to house the vacuum. Shown in Figure 13 are 

the power switch (1) that feed the DC-to-DC step down voltage regulator (2). This drops 

the power from 40 VDC to 10 VDC. At (3) is the M386 mono audio amplifier module 

and then the Arduino UNO R3 that drives the weapon motor.  Overall wireless 

communication and robot control is handled by the Arduino UNO WiFi Rev 2 (5).  To 

help wake up the Roomba, the button that is located on top was wired to a relay (6) that is 

under the control UNOôs command. A micro-SD adapter (7) is wired in to store the 

music. 



18 

 

 

 

Figure 13:  Electronics Inside the Vacuum Area of the Roomba 

 

The stock Roomba electronics, shown in Figure 14, were used to control the drive motors 

over a serial connection through the Mini-DIN connector (1).  The wakeup button on the 

top of the circuit board was blocked by the weapon motor mounting plate.  To ensure 

consistent power on state remote wires were added to connect it to the relay (2).  This 

was needed because the weapon motor mounting plate sits on top of this circuit board, 

making it impossible to manually push the button. 

1 

4 
5 

2 
3 

6 

7 
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Figure 14: Roomba Circuit Board with Mini-DIN Connector (1) and Wakeup Button 

Wires (2) 

 

3.4 MECHANICAL AND ELECTRICAL DOCUMENTATION 

All systems were documented following ASME Y14.100[6]. These drawings and a 

drawing list can be found in Appendix D. The electrical layout is also available in 

Appendix D as part of the documentation package. 3D CAD files were modeled with 2D 

drawings generated to document each hardware component that the team designed or 3D 

printed.  If the drawing was a vendor item, then an image was used to document the item. 

All drawings were generated on a custom built USI drawing template. The drawings are 

controlled by the date listed on the drawing, and any drawing update would roll the date 

to the time or the update. Each component is tracked from the top assembly drawing 

down to the individual component drawing by the Application Block listed in the Title 

Block. 

1 
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