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Abstract

This paper presents a novel approach to self-balancing two-wheelers that integrates torque-based
stabilization with smart key—enabled remote parking. The balancing mechanism relies on torque
generation through a momentum wheel, guided by C programming calculations of tilt angle and
direction. In addition to stabilizing the vehicle during motion, the proposed system allows riders
to park or move the vehicle remotely using a smart key without requiring a side or center stand.
The balance is maintained by dynamically adjusting RPM and counter torque, while an optional
retractable stand provides a fail-safe mechanism when the system enters low-power standby.
This integration of autonomous balance and smart remote parking enhances the safety,
convenience, and adaptability of two-wheeler systems for next-generation mobility solutions.

Keywords:
Self-balancing, Torque, Smart Key, Remote Parking, Momentum Wheel, RPM, Angular Velocity

1. Introduction
Two-wheelers have long been an affordable and widely adopted mode of transportation
worldwide. With increasing urban congestion and the global transition toward automation and
electrification, demand has shifted toward safer, smarter, and more convenient mobility systems.
While cars already benefit from smart key—based autonomous parking features, traditional
two-wheelers remain dependent on side or center stands for stationary stability.

To address this gap, we propose a self-balancing bike with smart key—enabled remote parking.
This system combines torque-based balancing principles, executed using gyroscopic momentum
wheels, with the convenience of remote-controlled movement through an intelligent key. Unlike
conventional bikes, the vehicle can remain upright without any external support, reducing
accident risks, simplifying parking, and enabling autonomous repositioning even in tight spaces.

Research Objectives and Methodology
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This study aims to analyze the effectiveness of self-balancing technology in enhancing the
stability and safety of two-wheeled vehicles using gyroscopic systems and momentum wheel
dynamics.
The research objectives are:
1. To investigate the application of gyroscopic systems for maintaining balance in
motorcycles and bicycles.
2. To derive and apply mathematical models involving potential energy (Mghsinf) and
centrifugal force (mrw?) for stability analysis.
3. To calculate the required angular velocity (w), RPM, and counter torque needed to resist
tilting under maximum deflection angles.
4. To evaluate the impact of external factors, calibration, and maintenance on the
performance and reliability of self-balancing technology.

2. Literature Survey

Rosen and Ben-Ari (1997) proposed a mathematical model addressing rotor blade
non-uniformities, showing how geometric, mass, structural, and aerodynamic inconsistencies
lead to low-frequency vibrations. They emphasized that blade tracking alone does not ensure
effective vibration reduction, and their framework laid the foundation for optimizing rotor tuning
and balance.Usubamatov (2015) proposed an improved mathematical model of gyroscope
motion, showing that centrifugal, inertial, and Coriolis forces act together with angular
momentum, offering a more accurate basis for gyroscope theory.

Lei, Niguidula, and Caballero (2024) designed a self-balancing bicycle control system using a
momentum wheel and modeled the dynamics with the Lagrange method. A cascade PID
controller was implemented and tested through Simulink simulations, which confirmed both the
reliability of the model and the effectiveness of the controller in achieving stable self-balancing
performance.

Agarwal et al. (2021) proposed an IoT-based smart parking system using IR sensors, RFID,
Arduino, and a mobile app to provide real-time slot availability, reservations, and automated
billing, improving efficiency and reducing time and resource wastage.

3. Methodology

Self-balancing technology in motorcycles and bicycles uses gyroscopic systems to maintain
balance. This technology reduces the risk of falls and makes two-wheeled vehicles easier to use,
especially for novices or those with less strength. The system detects tilt and adjusts steering or
uses countermeasures to regain balance. While the reliability and accuracy have improved,
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performance can still be affected by external factors, maintenance, and calibration. Overall,
self-balancing technology promotes safer and more accessible riding experiences.

Formula: Mghsin®

where M is the mass of the system, h is the Distance of the Centre of mass from the ground, © is
the Tilt angle.

To counteract the deflection in the center of mass of the body caused by tilting, we must equalize
the potential energy due to the height of the center of mass with the centrifugal force produced
by the momentum wheel. Here's how this principle applies in theory, as shown in Fig 1.

Fig 1. Depicting the Maximum Tilt to be Recovered by the Vehicle

A. Potential Energy and Centrifugal Force: The potential energy Mghsin(0) of the body's center
of mass, where M is the mass of the bike, g is the acceleration due to gravity, h is the height of
the center of mass, and 0 is the tilt angle. This potential energy must be balanced by the
centrifugal force mrwm” generated by the momentum wheel, where m is the mass of the
momentum wheel, r is its radius, and o is its angular velocity

B.Calculating Necessary Angular Velocity (w): Setting Mghsin(0)=mrw?, solve for o:

=\(Mghsin(0)/mr)

C. Practical Application and RPM Requirement:. By substituting the given values into the
formula, the required angular velocity ® is determined for stabilization at the maximum
deflection angle (6=30). From this, the revolutions per minute (RPM) is calculated. N needed for
the momentum wheel to achieve this angular velocity: ©=21N/60=>N=600/27.
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D. Moment of Inertia and Counter Torque: The moment of inertia I of the momentum wheel is
crucial for understanding the system's response to changes in angular velocity (®). The counter
torque needed to stabilize the bike against tilting is calculated as:

Counter Torque=Ia
where I is the moment of inertia and a is the angular acceleration. This counter torque helps
maintain stability by opposing the tilting motion.

Smart Remote Parking Integration
e Activation: User presses the parking button on the smart key.
Control Unit: C-coded microcontroller computes RPM & torque adjustments.

e Low-Speed Motion: Vehicle moves forward or backward safely while balancing.
e Stand Elimination: No side/center stand needed during parking.
[ J

Fail-Safe: Retractable stand deployed when balance system switches to low-power mode.

4. Experimental Setup and Implementation

Self-balancing systems rely on torque generation to ensure stability. When a tilt is detected, the
system activates the momentum wheel to counteract the imbalance. This process is orchestrated
by calculations implemented in C language code. Initially, the code identifies the tilt direction
and then proceeds to convert the detected tilt angle from degrees to radians. Subsequently, the
code computes the angular momentum to determine the required rotational speed for the
momentum wheel. Additionally, the moment of inertia of the momentum wheel is calculated to
understand the system's response characteristics. Finally, to compute the counter torque
necessary for stabilization, the code utilizes the formula involving the product of moment of
inertia and angular speed, divided by the response time of 0.142 seconds. Table I illustrates the
positive correlation between increasing tilt angle and the requisite torque. This relationship is
attributed to the growing moment arm of the gravitational force acting on the system's center of
mass.
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Table I: Depicting the Torque Requirement as the Tilt Angle Increases

Tilt Angle (Degree) Counter Torque (Nm)

0.002080

0.002936

0.004580
0.004981

5. Result Analysis

Momentum Wheel

Fig 2(a). Fig 2(b).

Fig 2 (a) & (b). Depicting the Direction of Wheel Rotating Tilt to Produce the Torque.
Figures 2 (a) and (b) schematically depict the actuation strategy for generating stabilizing torque
through the controlled rotation of the reaction wheels. Figure 2 illustrates that a counterclockwise
rotation of the wheel (when viewed from the right) generates a clockwise reaction torque on the
main body as shown in Figure 2 (b), thereby inducing a leftward tilt. This principle of
action-reaction is the fundamental mechanism by which the system actively controls its
orientation and maintains stability against external disturbances.
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Jutber O Rotation Thats Required to Produce Torque 35 116
e Required Anourt Of Torque To Be Produced On The Right S

Me Direction OF THlE { Right - % || Left-1}: 1
fnter The Tilt Deqree : 14, 5

Fig 3. Output Result of the Required Torque for Left & Right Tilt
Fig3. illustrates the process in which the code utilizes a switch-case statement to determine the
direction of tilt and the degree of tilt. It then computes the counter torque and the required
rotational speed of the momentum wheel to generate it, indicating the left or right direction for
its application.

he Direction Of Tilt { Right - R || Left - L} : Upside
nvalid Entry!!

...Program finished with exit code 0

Press ENTER to exit console.

Fig 4. Output Result of the Required Torque for Upside Tilt
Fig. 4 depicts an alternative output scenario of the code in the event of non-tilt detection or when
inputs other than tilt direction are provided.

Conclusion

In conclusion, this paper has demonstrated the integration of smart parking with self-balancing
technology for two-wheeled vehicles. By utilizing C programming to process tilt angle and
directional inputs, the system not only ensures stability through precise torque and speed
adjustments but also enables controlled forward and backward movements for automated
parking. This dual capability enhances rider convenience, safety, and space optimization,
highlighting the potential of combining self-balancing mechanisms with intelligent parking
features to advance the development of next-generation autonomous two-wheelers.
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