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The field of STEM contains some of the most difficult concepts to 

understand. Without a proper introduction to the field, STEM can be 

an intimidating subject for students to want to pursue. To continue 

growing community and interest in this field, we will expose young 

students to simple STEM concepts.



Two physics-based educational robots which show simple physics and robotics for kids.



• Make multiple educational robots to be deployed in the Robotics 

Traveling Van

• Make these robots interesting and engaging

• Demo the Robots to students to get them interested in STEM

oTeach fundamental concepts on math, physics, and robotics



1. Make it pretty
2. Make it functional

3. Make as many as possible



GM3865-520 DC

470uF Electrolytic Capacitors
And 1A 20V Schottky Diode

DRV8871 Motor Driver
14.6 Volt 2A Battery Charger

AS5600 Magnetic Encoder
4S 30A 12.8V BMS

3.3V Buck Converter

Raspberry Pi Pico / 
RP2040 Board

3.2V LiFePO4 Battery

ST7796S 4.0" LCD 
Touchscreen



VL53L0X Time of Flight Sensor
470uF Electrolytic Capacitors

And 1A 20V Schottky Diode

TMC2209 Stepper Motor Driver
14.6 Volt 2A Battery Charger

NEMA 17 12V Stepper Motor
4S 30A 12.8V BMS

3.3V Buck Converter

Raspberry Pi Pico / 
RP2040 Board

3.2V LiFePO4 Battery

ST7796S 4.0" LCD 
Touchscreen



• Total budget: $5000 + $500 from fundraising at Panda Express

• Total spent: $2500

• Raw cost for IPR: $94

• Raw cost for BBB: $82







• Touchscreen issues from overdrawing Pico
o Very few libraries for the RP2040 AND our specific screen

• Consistently fried Picos
o Half our oversights, half issues out of our control

Robot 1:
• Potentiometer initially used was not accurate enough

• Lost power under heavy loads 

Robot 2 : 
• TMC2208 & TMC2209 have overheating issues

o They fail catastrophically and send the motor voltage down the data lines

• Parts not working out of box 



Fall 2025
• Made the first rough draft versions of the CAD model, circuit, and software

o Migrated away from Arduino and began overhaul of the CAD models
o Prototyping

Spring 2026
• Complete overhaul of both CAD models
• Major debugging and troubleshooting
• (Almost) total code rewrite
• Change sensor and SoC choice
• Design + print circuit board
• Implement interactive touchscreen





Time-of-Flight Sensor Calibration

Physical Mark Raw Reading Calibrated (−2.3 cm) Tracking Error

0 cm (Close End) 2.3 cm 0.0 cm 0.00%

7.28 cm (1st Quarter) 9.5 cm 7.20 cm 1.10%

14.55 cm (Middle) 17.1 cm 14.80 cm 1.70%

21.83 cm (3rd Quarter) 23.5 cm 21.20 cm 2.90%

29.10 cm (Far End) 30.2 cm 27.90 cm 4.10%

Magnetic Encoder Calibration

Physical Angle Raw Output Calibrated (+56.0°) % Error (180° FSR)

0° (Flat Left) -54.4° 1.6° 0.89%

45° -9.3° 46.7° 0.94%

90° (Upright Center) 34.0° 90.0° 0.00%

135° 84.0° 140.0° 2.78%

180° (Flat Right) 127.2° 183.2° 1.78%

BBBR

IPR



The 
Inverted 

Pendulum 
Robot 

passed the 
drop test 

with no 
structural 

issues!

• Inverted Pendulum Robot lasts about 
2 hours

• Ball Beam Balance Robot lasts about 
4.5 hours
o Theoretical measurements for 

both



Ball Beam Balance Robot Sim

Inverted Pendulum Robot Sim



Live Demo!



• Need more testing before the robot housing got finalized
• Read all datasheets before trusting listings
• Plan workload around shipping and printing times
• Should have added more safeguards in our initial circuit designs

o Things to prevent frying our boards etc.



• Get the Inverted Pendulum Robot demonstration ready
oAble to detect desk edges so it will not fall
oBetter wire management & support for electronics

• Implement PCB in both robots
• Mass production
• Physical demonstrations in schools
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