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Background

• This year’s IEEE robotics competition is centered 
around showcasing the capabilities of an 
autonomous robotic system operating within a 
confined area. 

• The primary objective involves pushing a button 
at one end of the field and returning to the 
starting position autonomously. Subsequently, 
the robotic system engages in competitive 
maneuvers, navigating between charging 
stations and passing other robots until a 
singular system remains.

• Key robot requirements include construction by 
solely student comprised teams, autonomous 
operations, and compliance with size 
regulations to effectively avoid obstacles. 
Notably, a supercapacitor must replace the 
battery for final rounds, with wireless charging 
facilitated by 5V, 500mA transmitters.

• The presentation will primarily focus into two 
critical areas that demanded extensive 
experimentation and research: navigating power 
constraints and refining algorithms for mapping 
the robot's positioning within the field. 

•Inertial Measurement Unit (IMU): readings from these sensors can be used to provide accurate 
orientation data using Euler angles.
•Time of Flight (ToF) Sensors: Provide distance measurements to identify the current location of the 
robot and strategically positioned on the top to detect distance from walls
•Servo Motor: enables precise control of the Time of Flight sensors based on IMU
• Two ToF sensors are mounted 90 degrees apart and adjusted by a servo motor.

• Ensures at least one sensor is always optimally aligned to measure the nearest wall distance.
•Distances are recorded as x and y values transposed to the origin, corresponding to position relative 

to the walls.
•Starting each round, the IMU is calibrated to a new 0-degree point from the robot’s facing direction.

•We first narrowed down the supercapacitor 
  selection to avoid wasting time during testing.
• Chargers only supplied 5 Volts at 500 mA, so we 

used formulas such as the voltage across a capacitor
at any given point in time for the charging and 
discharging periods as well as different voltage 
regulators to find prime candidates for usable 
supercapacitors.

j

• Based on the data, the 15F to 30F range would be optimal for testing.

Table 1. Theoretical Capacitor Discharging Times 

Experimental Test Plan

Experimental Results
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Conclusions

•Static calibration of the IMU and ToF sensors was performed to ensure accuracy through stationary 
tests and adjustments to sensor parameters to eliminate biases.
•Testing Conditions: The system was tested on the 8’x8’ field to mimic the competition’s conditions 
of following the predetermined path and was programmed to go to a specific location on the field, 
where its final position was tested for accuracy.
•The critical “Jiggle” function determined the robot's current angle relative to the four walls of the 
playing field, enabling the robot's exact position to be calculated and transposed to the origin, 
located at the bottom left corner of the playing field. 
•The system then calculated the angle of attack, which was 
•derived from the robot's current position and the target location
•The current 8’x8’ field was transposed into four quadrants. We 
subtracted our goal x and y coordinates with the current x and 
y coordinates. The result gave us a positive or negative integer. 
Since the ToF sensors faced precisely 90 degrees to their
corresponding walls, we could use simple trigonometry and our orientation for the next angle.

Overall, the rigorous testing over the two main hurdles in the 
timeline to the system’s completion was successful. The chosen 
components and designs fit well within the competition’s 
height, weight, and power criteria, while still allowing for a 
unique, low-power solution. While we may have not completed 
all criteria in the allotted time frame, such as accurate object 
detection, focusing on these critical aspects allowed our team to 
take home first place in the competition. 

We could not have achieved this result without the help of a lot 
of our mentors, as well as extra funding provided to be able to 
test out as many variations  and iterations of components as we 
did!
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Figure 1: Game Field Layout for Elimination Rounds

Supercapacitors offer high power density and rapid 
charging capabilities; however, their limited 
capacity is a challenge to balance. This scenario 
also presented more unique constraints: a 5-
minute charging window at the onset of each 
round, followed by only 10 seconds per visit to a 
charging station once the round commences. This 
resulted in a two-factor challenge—finding a 
supercapacitor that could charge sufficiently within 
10 seconds while also having extended discharge 
times to cover substantial ground. 
Navigating the field also proved challenging  as we 
needed to be able to accurately map the field to 
ensure our robot could accurately discern its next 
coordinates amidst dynamic axis shifts. We 
approached this using an Inertial Measurement 
Unit (IMU) to establish system heading relative to a 
fixed point on the field, as well as Time of Flight 
(ToF) sensors for real-time distance measurements 
to calculate subsequent coordinates.

Table 2. Formulas for Angle Orientation

Figure 4: Final Robot 
Sensors in Action

Through the created functions, the system 
consistently demonstrated the capability to 
navigate to specified coordinates accurately. The 
precision of the initial positioning, coupled with 
the dynamic adjustments made during motion, 
resulted in successful navigation with minimal 
deviation from the intended path. The process 
from calibration to destination had a high degree 
of accuracy, showcasing the effectiveness of the 
navigational strategy and the reliability of the 
robotic system in a 
competitive environment.

For the supercapacitor testing, the 
results proved similar to theory. 
Although the 20 and 25 farad 
capacitors were close, the 20 Farad 
was chosen. We would not have 
gotten the full 500 mA from the 
chargers with the 25F, so the 20F had a 
longer discharge time better suited to the system’s needs.

Figure 5: Supercapacitor Testing

Figure 3: Supercapacitor Discharge RatesFigure 2: Supercapacitor Charge Rates

• To test our optimal range of supercapacitors, we used 15F, 20F, and 25F ones
• To simulate the load our system would use, a 300 mA load was applied, which consisted of one 

esp32-s3 microcontroller and two TT DC motors at full speed.
•To achieve 20F,5.5V, we 

put two 10F 5.5V 
supercapacitors - actually 
two 20F 2.7 caps in series - 
in parallel, which adds up 
the capacitance and brings 
the total to 20F, 5.5V.
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