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Opportunity:
For our final project, we wanted to create a smart environmentally friendly vehicle that is safe to

ride around a bustling city. We created a self stabilizing bicycle, a device that can assist with keeping the
rider upright, even when biking at low speeds. This technology would help reduce carbon emissions by
taking an already existing alternative mode of transportation to driving, which is biking, and making it
more safe and stable which would further encourage people to switch to biking instead of driving cars.
Our device does not emit any pollutants, which means it is not actively harming the environment.

High Level Strategy:
The self-stabilizing bicycle consists of a flywheel inverted pendulum that stores energy in the

form of rotational momentum to offset the tilt of the bike when riding. It is equipped with an encoder to
measure the tilt/lean angle of the bicycle frame in the lateral direction, which provides real-time feedback
on the position of the DC motor. The sensor feedback is then processed on an ESP32 microcontroller to
calculate the tilt angle and determine the direction and magnitude of the adjustment needed to keep the
bike upright. The generated control signals are then sent to the motor to adjust the position of the
flywheel, generating a counteracting torque to bring the bicycle back to an upright position. The use of
these real-time corrections counteracts disturbances that are caused by external factors such as wind gusts,
uneven terrain, or rider movements.

Our initial desired functionality was to achieve lateral stability with the use of a DC motor
encoder and VESC speed controller. Through testing and fine-tuning, the integrated inverted pendulum
flywheel system should actively counteract disturbances and keep the bicycle upright.

Photo of Assembly:



Function-Critical Decisions:
One of the main functional-critical decisions we had to make was the selection of a brushless DC

motor over a brushed motor. It yields a higher power density and energy efficiency compared to a brushed
motor, where energy is partially lost from the friction of the brushes. The main load in the transmission
system is the dynamic load experienced during the motion of the bicycle. This is a combination of various
factors that can be represented by the tipping bike model, depicted in the figure below.

The rig follows the model represented by the Lagrangian formula:
L = T - U, where T is the rotational kinetic energy and U is the
potential energy. The T is the summation of three components: the
kinetic energy of the bike due to tipping, , where𝑇
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calculations can be found in the appendix.

Diagrams:

Circuit Diagram



State Transition Diagram

Reflection:
Overall, we are pretty proud of the outcome of our project. In reflection, having group members

assigned their general share of tasks corresponding to their strengths and skills was a strategy that worked
well for us. One of the biggest challenges with this project was to deal with brushless motor control. We
utilized a current based control system using state variables φ, angle of bike relative to calibration, and φ’,
change in angle of bike. There were a few issues within the control system that created moments of delay
and lag that stalled the system's reaction, causing it to reach an unrecoverable state. More research into
better brushless motor control techniques along with better overall equipment with higher resolution
would allow for a smoother more reliable system. There were also a few reach goals that given the time
and resources we’d like to have accomplished. The long term goal and purpose of this project was to
create a product that was easy to assemble and use, so streamlining the design, compacting all the
components into the main mount body, and creating a more light-weight model that can be uploaded into
the product. Additionally we wanted to have the balancing effect scale down its power as the user
increases speed. This effect was demonstrated by abstracting the speed input as a potentiometer signal
which scaled the balancing effects of the system. This would be beneficial because when in motion the
bike creates a natural balancing stabilization. Additionally we wanted to explore how this flywheel could
assist when turning, which would require using IMU data to identify a turn and then seeing if the flywheel
could be used to assist this action.



Appendix

Complete Bill of Materials:

Listing Name Part No. Quantity Cost Link

¼” 6061 Aluminum Alloy Sheet 9246K11 1 $19.69 https://www.mcmas

ter.com/9246K11/

8” diameter ½” Low Carbon Steel Disks 7786T271 2 $36.44

each

https://www.mcmas

ter.com/7786t271/

5mm Flange Shaft Couplers B07L1FMBBC 1 $9.49 www.amazon.com/

Coupling-Support

M8 Fine-Thread Alloy Steel Socket Head

Screws

96144A239 12 $8.54 https://www.mcmas

ter.com/96144A239

/

M8 Steel Hex Nut 90592A022 12 $9.67 https://www.mcmas

ter.com/90592A022

/

M8, 16 mm OD Brass Washers 91635A260 12 $15.21 https://www.mcmas

ter.com/91635A260

/

M4 Alloy Steel Socket Head Screw 91290A154 6 $12.91 https://www.mcmas

ter.com/91290A154

/

M3 Alloy Steel Cup-Point Set Screw 91390A099 1 $6.50 https://www.mcmas

ter.com/91390A099

/

M4 Steel Hex Nut 90592A090 6 $3.81 https://www.mcmas

ter.com/90592A090

/

Signwise encoder 1 $17.99 https://www.amazo

n.com/Signswise-In

cremental-Optical-E

ncoder-Quadrature/

dp/B085ZLCYS1?th

=1

M8 Fine-Thread Alloy Steel Socket Head

Screw

96144A219 1 $9.20 https://www.mcmas

ter.com/96144A219

/

M8 High-Strength Steel Nylon-Insert

Locknut

97260A102 2 $8.57 https://www.mcmas

ter.com/97260A102

/
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Maytech 100A VESC 1 $237.00 https://electricboar

dsolutions.com/pro

ducts/maytech-100a

-vesc

Motor: Scorpion SII-4035-450KV SII-4035-450KV 1 $229.99 https://www.scorpi

onsystem.com/catal

og/aeroplane/motor

s_1/sii-40/SII-4035

-450/

LiPo 8000 10S2P 37v Battery Pack 1 $599.99 https://maxamps.co

m/collections/10s-li

po-battery-37v/prod

ucts/lipo-8000-10s

2p-37v-battery-pack

M3 Black-Oxide Alloy Steel Hex Drive

Flat Head Screw

91294A130 1 $6.36 https://www.mcmas

ter.com/91294A130

/

Ball Bearing, ⅜” Shaft Diameter 60355K165 2

$13.10

https://www.mcmas

ter.com/60355K165

/

High-Strength Steel Threaded Rod,

⅜”-24 Thread, 6” Long

90322A342 1 $11.06 https://www.mcmas

ter.com/90322A342

/

Medium-Strength Steel Hex Nut, Grade 5,

3/8"-24 Thread Size

95505A613 4 $8.58 https://www.mcmas

ter.com/95505A613

/

6061 Aluminum Rod, ½” Diameter 2655N15 1 $10.31 https://www.mcmas

ter.com/2655N15/

Alloy Steel Socket Head Screw,

Black-Oxide, M8 x 1.25 mm Thread, 140

mm Long

91290A476 1 $6.11 https://www.mcmas

ter.com/catalog/129

/3495/91290A476
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CAD:







Open view of the flywheel inside the mount: the flywheel is directly mounted to the motor shaft and shrouded
with a bent piece of 1/16 Aluminum sheet metal.

Back view of flywheel mount: an encoder is attached to the orange magnet protruding from the back of the
motor and a magnetic encoder to detect motor position.



Code:
main_102b.ino







IMU6050.cpp





IMU6050.h

control.cpp



controls.h



Dynamic System Analysis & Calculations:










