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Abstract 

 A.R.I.S. is a robot designed to autonomously navigate, seek out, and use 100mL of water to 

extinguish a single flame source (candle) while avoiding flickering LED decoys in a competitive 

environment. Four teams will compete in a predefined course, first by how long it takes to successfully 

extinguish the candle, then by head-to-head with the victor extinguishing the candle first.  

 

 

Project Description 

 A.R.I.S., Autonomous FiRe ExtInguishing System, is a robot designed to compete against 3 other 

robots with a common objective: autonomously seek and extinguish a candle in the fastest time 

possible. Each robot will be given 100mL of water to extinguish the flame. The playing field (Figure 1) 

will also have flickering LED sources emitting both visible and IR light serving as flame decoys. The 

competition will be held in 2 phases. In phase 1, each team will have 3 chances to find the candle while 

avoiding the decoys. The best time from their runs will be kept and graded accordingly. In phase 2, all 4 

teams will compete simultaneously in a race to extinguish the candle first. The winning team will earn a 

multiplier coefficient applied to their phase 1 score. 

 

 With the competition in mind, A.R.I.S. is designed for speed while not compromising accurate 

flame detection. A.R.I.S. is equipped with multiple detection procedures to provide the quickest and 

most successful positive identification of a flame source. A.R.I.S. is equipped with a dedicated processor 

(Raspberry Pi) and microcontroller (PIC32). In its simplest form, the Raspberry Pi is recognized as the 

“Driver” while the PIC32 is the “Vehicle”. To better describe how A.R.I.S. will realize this, we will break 

down the build into 5 subsystems: Power, Motor, Motion Sensors, Detection Sensors, and the 

Extinguisher. 
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 Power: A 14.8V, 2200mAh, lithium polymer battery supplies 3 sources of power in A.R.I.S., VBATT 

(14.8V), and through step down voltage regulators in series, 5V and 3.3V. VBATT directly powers the 

motors, including the water pump. The 5V source is used for the sensors, as well as the Raspberry Pi. 

The 3.3V source powers the PIC32 microcontroller and IR tracking camera. We are not using the 3.3V 

output from the Raspberry Pi as to not current limit the PIC32/camera.  

Motor: To reach the IR source as quickly as possible, we have included 2 differential drive 70:1 

DC motors with 144mm diameter wheels. To control these motors, A.R.I.S. has a dual H Bridge motor 

driver connected to the PIC32. The motor driver will control direction and 

PWM(acceleration/deceleration profiles) for each motor. For location tracking, the PIC32 receives 

feedback from the 64 Cycles per Revolution (CPR) encoder as well as from an inertial measurement unit 

(IMU). This type of feedback is crucial in not only mapping the robot’s location, but the location of 

decoys as well.  

Motion Sensors: In order to negotiate the hallway terrain, A.R.I.S. implements 3 sonar range 

finders and 2 IR proximity sensors. The range finders will detect walls, open doors, as well as situate 

A.R.I.S. the proper distance from the flame source to extinguish it (6 inches). The sonar range finders are 

the primary physical detection sensors when it comes to the robot moving. The IR proximity sensors are 

implemented as the side ‘check’ to ensure that if the robot needs to turn; the area is free of any 

obstacle. 

Detection Sensors: The Raspberry Pi’s processing capabilities will utilize the open source 

computer vision software, OpenCV, to detect the flame source purely by an image detection algorithm. 

An IR tracking camera, reworked from a Nintendo Wii Remote, will provide an XY coordinate to an IR 

source, with the Z coordinate representing IR intensity, therefor IR source distance. Coordinate 

information can be used to steer the motor towards the source from further distances than standard IR 

phototransistors. As a contingency detection procedure, A.R.I.S. will also have fixed phototransistors to 

analyze the approached flame source by IR sampling comparing to decoy sequencing. 

Extinguisher: Once A.R.I.S. reaches the point of positive identification of the flame and is set at 

the proper extinguishing range of 6 inches, a 3.3V pulse from the PIC32 will enable the MOSFET switch, 

turning on the 12V water pump motor, and spraying the candle target area. The water pump will use a 

tube, similar to a straw, to pump water from a 150mL reservoir to a nozzle that will be directly 

connected to the pump outlet. Minimizing the range of travel from the water source to the nozzle 

should maintain a dependable pressure to fully spray the target area (6 inches far, 6 inches high). 

The key to these subsystems being successful is efficient data sampling and communication. The 

majority of the time spent prototyping will be to ensure these factors are met with innovative code 

structuring as well as hardware integrity. 

It is estimated that a budget of $800.00 will fully enable A.R.I.S. to not only accomplish its 

mission, but to do it in the most quick and efficient way possible. 
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Block Diagram 
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Mock Illustrations 
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Performance Requirements 

Power 

 Enough Power to run continuously for 40 minutes. 

 12V or higher for motors, step down voltage regulators to 5V and 3.3V. 

 Switch for On/Off selection. 

Motor 

 Reach top speed in 0.5 seconds, as well as decelerate at this same rate. 

 Top speed of 1 m/s. 

 CW/CCW directions with immediate stopping ability. 

 PWM for acceleration/deceleration profiles. 

 IMU accurate to 1 degree. 

Motion Sensors 

 Crossing lobes for maximum environmental detection. 

 Precise distance measurement. 

 Detection response time no longer than 300ms. 

Detection Sensors 

 Detect IR source at a minimum distance of 1 meter. 

 Differentiate IR source by sampling or image recognition. 

 Provide accurate sense of direction by either coordinate or analog values to motor. 

 High camera resolution (4MP+) for recognition accuracy. 

 Color camera to differentiate colors. 

Extinguisher 

 The nozzle has to spray and cover an area of at least 6 inches (15.24cm) far with an angle of 

120°.  

 The water pump has to provide enough pressure so the nozzle can spray water and cover an 

area of at least 243.22cm2 to extinguish the flame. 

 

Microcontroller/Processor 

 32bit Microcontroller 

 1.2GHz processing speed (ARM) 
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Testing and Verification 

Power Testing 

 Attach all components to a power supply and multimeter and record how much current draw at 

a set voltage. 

 Use of a battery indicator, possibly a blinking LED when the battery is at 50%. 

 Test regulated voltages with DMM. 

Power Benchmarks 

 Max load battery run time. 

 50% battery life indication. 

 Voltage source levels: VBATT, 5V, 3.3V 

Motor Testing 

 Measure no load speed vs. estimated load speed. 

 Time to steady state velocity. 

 Add and record amount of weight until torque stall. 

 Correlate PWM duty cycles to motor speed. 

 Measure angular drift with trigonometric calculations. 

Motor Benchmarks 

 Max speed at estimated load. 

 Speed at 90%, 40% and 20% duty cycles. 

 Accuracy of inertial measurement unit. 

Motion Sensors Testing 

 Develop a polar plot of each sensor with beam width calculations. 

 Test sensor detection with different material objects. 

 Voltage range output resolution. 

Motion Sensors Benchmarks 

 Minimum and maximum distance detection by each sensor. 

 Beam width modeling of each sensor with analog voltage table. 
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Detection Sensors Testing 

 Polar plot phototransistor detection by measuring voltage levels with IR source at variable 

distance. 

 Verify functionality of Wii camera (due to rework) 

 Measure detection blob to IR source distance with IR tracking camera by I2C. Establish a blob 

unit of measurement vs. distance. 

 Determine accuracy of XY coordinates from IR tracker by moving an IR source in a fixed, 

measured, motion. 

 Use image detection to recognize an object in neutral background (tennis ball on floor). 

 Take a picture with Pi Camera, use that picture as a recognition source. Verify with tennis ball 

test. 

 Attempt to detect object in a busy background. 

Detection Sensor Benchmarks 

 Max detection range of phototransistor and IR tracking camera. 

 Max detection range of an object by image recognition. 

Extinguisher Testing 

 Place the candle at a distance of 10 inches (25.4cm) from the nozzle and test whether the spray 

of water will reach the flame and extinguish it.  

 Decrease the distance gradually, 1 inch (2.54cm) at a time, all the way down to 6 inches 

(15.24cm) and check if the flame will still be extinguished. We want the spray to be consistent at 

extinguishing the flame from at least 6 inches (15.24cm) away.   

 Test if the nozzle is capable of spraying the water at the required spray density and area to get 

the job done.  

 Test placing the nozzle at the same elevation of the candle or tilting it up at a certain angle to 

check which one will be more efficient. 

Extinguisher Benchmarks 

 Maximum consistent spray distance. 

 Angle of consistent spray from nozzle. 

 Amount of time to spray 100mL. 
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Project Plan 
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Task Name Duration Start Finish Predecessors Resource Names 

Team Resistor 
Robot Build 

64 days Tue 9/13/16 Fri 12/9/16 
  

      
System Design 14 days Tue 9/13/16 Fri 9/30/16 

 
Kyle,Colin,Aris,Anhton,Dylan,Murad 

      

Chassis Build I 2 days Tue 10/4/16 
Wed 
10/5/16 

3 
 

   Design Chassis in 
Solidworks 

2 days Tue 10/4/16 
Wed 
10/5/16  

Kyle[13%] 

   Water Jet Chassis 0.06 days 
Wed 
10/5/16 

Wed 
10/5/16  

Anhton,Dylan,Kyle,Colin 

      
Run Robot I 7 days Thu 10/6/16 Fri 10/14/16 5 

 
   PWM Code test on 
PIC32 

2 days Thu 10/6/16 Fri 10/7/16 
 

Colin,Aris 

   Rx Encoder 
feedback 

3 days Fri 10/7/16 
Tue 
10/11/16 

10 Aris,Colin 

   Design voltage 
regulator for battery 

2 days Sat 10/8/16 
Mon 
10/10/16  

Anhton 

   Test robot with 
battery power 

1 day 
Wed 
10/12/16 

Wed 
10/12/16  

Anhton 

   Drive robot in line 
with ramping code 

3 days 
Tue 
10/11/16 

Thu 
10/13/16 

11 Colin,Aris,Kyle 

      
Drive 10 
ft/6"allowable drift 

0 days Fri 10/14/16 Fri 10/14/16 
 

MILESTONE 

      
Object Detection I 14 days Tue 10/4/16 Fri 10/21/16 

  
   Install OpenCV on 
Raspberry Pi 

0.38 days Tue 10/4/16 Tue 10/4/16 
 

Kyle 

   Rework Wii 
Remote 

1 day 
Tue 
10/11/16 

Tue 
10/11/16  

Kyle 

   Build Wii Hack 
circuit 

3 days 
Wed 
10/12/16 

Fri 10/14/16 
 

Kyle 

   Program access to 
camera 

1 day Fri 10/14/16 Fri 10/14/16 
 

Kyle 

   Read through 
resources for image 
detection 

3 days 
Sat 
10/15/16 

Tue 
10/18/16  

Kyle 

   Detect an object 
(boolean response) 

2 days 
Wed 
10/19/16 

Thu 
10/20/16  

Kyle 

      

Motion Sensor I 11 days Tue 10/4/16 
Tue 
10/18/16   

   Polar Plot 
detection beam 

5 days Tue 10/4/16 Sat 10/8/16 
 

Dylan 

   Use ADC to accept 
values for distances 

3 days 
Tue 
10/11/16 

Thu 
10/13/16  

Dylan 

   Test feedback with 
hallway walls  

2 days Fri 10/14/16 
Mon 
10/17/16  

Dylan,Kyle 

      

Run Robot II 6 days 
Sat 
10/15/16 

Fri 10/21/16 
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   Turn robot in 
either direction 

3 days 
Sat 
10/15/16 

Tue 
10/18/16  

Aris,Colin,Murad 

   Turn robot in 
either direction, 
certain degrees 

3 days 
Wed 
10/19/16 

Fri 10/21/16 
 

Aris,Colin,Murad 

      
Extinguish Candle I 12 days Thu 10/6/16 Fri 10/21/16 

  
   Test Water Pump 1 day Thu 10/6/16 Thu 10/6/16 

 
Kyle,Anhton,Dylan 

   Modify and 
connect resevoir 
and pump 

2 days 
Tue 
10/11/16 

Wed 
10/12/16 

36 Murad 

   Test water flow in 
sink 

0.06 days 
Thu 
10/13/16 

Thu 
10/13/16 

37 Kyle,Anhton,Dylan 

   Test nozzle spray 0.06 days 
Thu 
10/13/16 

Thu 
10/13/16 

38 Murad 

      
Drive 20ft, turn 
around, drive back 

0 days Fri 10/21/16 Fri 10/21/16 
 

MILESTONE 

      

Chassis Build II 6 days 
Tue 
10/18/16 

Tue 
10/25/16   

   3D print motion 
sensor holders 

3 days 
Wed 
10/19/16 

Fri 10/21/16 
 

Kyle 

   Install sensor 
brackets 

3 days 
Sat 
10/22/16 

Tue 
10/25/16  

Kyle 

      

Run Robot III 6 days 
Sat 
10/22/16 

Fri 10/28/16 
  

   Drive robot to 
wall, stop at set 
distance 

4 days 
Sat 
10/22/16 

Wed 
10/26/16  

Aris,Colin 

   Drive robot 
parallel to wall at 
set distance 

2 days 
Thu 
10/27/16 

Fri 10/28/16 
 

Aris,Colin 

      

Motion Sensor II 8 days 
Wed 
10/19/16 

Fri 10/28/16 
  

   Integrate Sensors 
onto Chassis 

3 days 
Wed 
10/19/16 

Fri 10/21/16 
 

Dylan,Anhton 

   Provide sensor 
feedback to motor 

3 days 
Sat 
10/22/16 

Tue 
10/25/16  

Dylan,Anhton 

   Develop code for 
open door detection 

3 days 
Wed 
10/26/16 

Fri 10/28/16 
 

Dylan,Anhton 

      
Drive, recognize 
open door, safely 
turn in 

0 days Fri 10/28/16 Fri 10/28/16 
 

MILESTONE 

      

Run Robot IV 5 days 
Sat 
10/29/16 

Thu 11/3/16 
  

   Code 3 speed 
controls (90%, 40%, 
20%) 

5 days 
Sat 
10/29/16 

Thu 11/3/16 
 

Aris,Colin,Murad 
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Motion Sensor III 8 days 
Sat 
10/29/16 

Tue 11/8/16 
  

   Integrate IMU  3 days 
Sat 
10/29/16 

Tue 11/1/16 
 

Dylan,Colin 

   Develop code for 
IMU tracking 

5 days 
Wed 
11/2/16 

Tue 11/8/16 
 

Dylan,Colin,Anhton 

      
Run at 3 different 
speeds, into room, 
back out 

0 days Fri 11/4/16 Fri 11/4/16 
 

MILESTONE 

      

Chassis Build III 11 days Fri 11/4/16 Fri 11/18/16 
  

   Final Chassis 
design 

4 days Fri 11/4/16 
Wed 
11/9/16  

Kyle 

   Water Jet Chassis 0.13 days 
Thu 
11/10/16 

Thu 
11/10/16  

Dylan,Kyle 

   3D Print sides 4 days Fri 11/11/16 
Wed 
11/16/16  

Kyle 

   Install all parts 2 days 
Thu 
11/17/16 

Fri 11/18/16 
 

Kyle,Anhton,Aris,Dylan,Colin,Murad 

      

Run Robot V 6 days Sat 11/5/16 Fri 11/11/16 
  

   Change direction 
towards IR source 

5 days Sat 11/5/16 
Thu 
11/10/16  

Aris,Colin,Kyle 

      

Object Detection II 11 days 
Sat 
10/22/16 

Fri 11/4/16 
  

   Detect 
Decoy/Flame as an 
object 

4 days 
Sat 
10/22/16 

Wed 
10/26/16  

Kyle 

   Provide directional 
values to motor 

7 days 
Thu 
10/27/16 

Fri 11/4/16 
 

Kyle,Colin 

      

Motion Sensor IV 8 days 
Wed 
11/9/16 

Fri 11/18/16 
  

   IMU compares 
values from Pi 

5 days 
Wed 
11/9/16 

Tue 
11/15/16  

Dylan,Kyle,Colin 

   Relay values to 
direct motor in a 
certain direction 

3 days 
Wed 
11/16/16 

Fri 11/18/16 
 

Dylan,Colin,Kyle,Aris 

Detect IR source, 
drives to it, stay 6 
inches away 

0 days Fri 11/11/16 Fri 11/11/16 
 

MILESTONE 
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Extinguish Candle II 0.25 days Fri 11/18/16 Fri 11/18/16 
  

   Install pump 
system on robot 

0.13 days Fri 11/18/16 Fri 11/18/16 
 

Murad 

   Test MOSFET 
switch 

0.13 days Fri 11/18/16 Fri 11/18/16 
 

Murad 

   Ensure target area 
is being hit 

0.25 days Fri 11/18/16 Fri 11/18/16 
 

Murad 

      

Object Detection III 10 days Sat 11/5/16 
Thu 
11/17/16   

   Successfully 
differentiate decoy 
to candle by Image 
recognition 

5 days Sat 11/5/16 
Thu 
11/10/16  

Kyle 

   Develop code for 
phototransister 
decoy detection 

5 days Fri 11/11/16 
Thu 
11/17/16  

Kyle,Dylan,Anhton 

      
Drive to decoy, 
analyze, move on to 
candle, spray water 
on it 

0 days Fri 11/18/16 Fri 11/18/16 
 

MILESTONE 

      

Run Robot VI 12 days 
Sat 
11/12/16 

Mon 
11/28/16   

   Program course 
map check 
points/areas 

12 days 
Sat 
11/12/16 

Mon 
11/28/16  

Aris,Kyle,Colin,Murad,Anhton,Dylan 

      
Drive to 3 different 
mapped areas of 
course 

0 days 
Tue 
11/29/16 

Tue 
11/29/16  

MILESTONE 

      
Finalize Body 
Design 

10 days 
Mon 
11/28/16 

Fri 12/9/16 
  

   3D print extra 
parts if necessary 

7 days 
Mon 
11/28/16 

Tue 12/6/16 
 

Kyle 

   Finish and Upload 
Website 

9 days 
Mon 
11/28/16 

Thu 12/8/16 
 

Dylan 

   Rehearse 
Presentation 

5 days 
Mon 
12/5/16 

Fri 12/9/16 
 

Colin,Kyle,Anhton,Aris,Murad,Dylan 

      
Full Test Run, 
multiple decoys, 
one candle 

0 days Fri 12/9/16 Fri 12/9/16 
 

MILESTONE 
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Cost Analysis 

 We request a budget of $800.00 for supplies. It is estimated that our budget distribution is as 

follows: 

Category Total to Date Estimated Amount Left 
Motor Assembly  $               185.45   $               225.00   $               39.55  

Microcontrollers  $                  69.90   $               100.00   $               30.10  

Water Pump  $                  33.73   $                 60.00   $               26.27  

Sensors/Camera  $               153.52   $               200.00   $               46.48  

Power  $                         -     $               100.00   $             100.00  

Misc/Tax&Shipping 50  $               115.00   $               65.00  

Totals:  $               492.60   $               800.00   $             307.40  
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