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Abstract. This research will describe the development of a self-balancing scale model bicycle.
The main reason for just using a scale model instead of a full-size bicycle is to reduce
development costs while maintaining the same design principle and software coding. For the
hardware we are using a 1:10 metal bicycle model, Arduino Uno board for real-time balance
control, GY-521 & MPU 6050 for real-time gyro and 3 axis accelerometers, and servo motor for
weight balancing movement. 5-volt Li-ion battery power bank used for a power source. For
coding, we use Arduino IDE for windows.

1. Introduction

Bicycle is an old invention, more than 125 years ago. But the whole balancing process of a bicycle was
not completely known until recent years. Indeed the mechanism is complicated and includes balancing
[1] action from the driver himself along with a couple of other forces acting from the bicycle.

To make modeling and abstraction simple we will reduce the problem onto balancing bicycles based
on the inverting pendulum model. This model used with the assumption that bicycles in a rest condition.
This is the same condition as an inverting pendulum where the centers of mass is high and cause an
instability equilibrium. In the inverting Pendulum, this instability can overcome by moving the lowest
part of the pendulum so that the entire mass changes its central mass in dynamic equilibrium.

The self-balancing apparatus today can be made possible by the availability of 3 axis accelerometer
sensor chips based on MEMS (Micro Electro Mechanical Systems) [2]. The availability of MEMS
sensors improve the quality of both and price / performance, due to Moore's law of microelectronics.
The calculations required for this system are relatively low and available. The DC motor implemented
in this model can saved from toys. Only power electronics and the pendulum has to be custom-made.

2. Literature Review

One of the successful implementations for a model bike balancing is done by Japanese company Murata
named Murata Boy figure 1, a robotic bicycle [3]. With a gyro sensor and a large disc to correct any
slant.
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Figure 1. Murata Boy, bike and robot as one system [4]

It consists of an accelerometer/gyro sensor under the robot and a reaction wheel pendulum in the
middle of the robot (figure 2.).

Figure 2. Sensor (left) and reaction wheel pendulum to balance the bike [5]

3. Modeling
Although bicycle stability is complicated, for zero velocity [6] this stability can be achieved by only use
an inverting pendulum principle as a figure.3, we only use one axis x here for consideration.

Figure 3. Simplified zero speed bike balancing model

Since the most unstable condition of a bike is at velocity 0, this would tackle the biggest and foremost
factor of bike balancing problem, and the dynamic can be simplified as the figure 4.
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Figure 4. Dynamics of x-axis balancing stability process [7]

Dynamic balancing can be provided through actions on the reaction wheel. The reaction wheel [8]
itself is modeled over an inverted pendulum [9] where it has no inherent stability, this stability is
provided via a dynamic process of adjusting reaction wheel inertia as in Figure 5 [8].

wlner‘tial

M,,,: Motor Mass

Mpg: Reaction Wheel Mass

M, : Pendulum Arm Mass

by,: Pendulum Arm axis viscous friction

lp: Pendulum Arm center of mass distance to the axis
Im : Motor center of mass distance to the axis

LR: Reaction wheel center of mass distance to the axis
g: Gravitational acceleration.

7.+ Effective Motor Control torque

Inertia:

It Pendulum concerning point o.

L.,: Reaction concerning respect to point o.

Lm0t Motor with respeccing to point o.

I: Reaction wheel concerning its center of mass.
Angular Speed:

wpg: Wheel speed concerning the pendulum arm
Winertial - Wheel Inertial speed.

Figure 5. Reaction wheel model.

One factor that we need to consider is how high is the position of the axis of the reaction wheel from
the base (Im), this actually can have a direct effect on the maximum recovery angle (theta) as can be

seen in figure 6.
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Figure 6. Fix moment of inertia effect to recovery angle vs length of the inverted pendulum

4. Discussion
The parameters are as below:
- M bike =400 gr M motor =110 gr - M pendulum = 95gr M electronics = 50gr
- M batt = 100gr so the total: M Total =705gr
The motor torque and specs are as below:
- Standard 130 Type DC Motor - Operating Voltage: 4.5t0 9 V.
- Recommended or Rated Voltage: 6V
Current at No Load: 70 mA (max) - No-Load Speed: 900 rpm.
- Loaded current: 250 mA (approx) - Rated Load: 10g*¥cm
- Motor Size: 27.5 mm x 20 mm x 15 mm
The electronics is are using Arduino Uno, IBT2 H Bridge, MPY 6050 Sensors with the diagram as
below in figure 7.
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Figure 7. Electronic flow from sensing position to controlling the motor [10]

The reaction wheel pendulum has a diameter of 5 cm, was a solid disc at first (figure 8a), but
according to the following equation, the ring is doubling the inertia at the same mass:

So the spoke which connects axis to the outer ring has to be made as thinly as possible just enough
to make the wheel rigid as in figure 8b. The radius on the equation is the average radius /center mass of
the ring.

.

a. Solid disc b. Optimized

Figure 8. Reaction wheel solid vs optimized (minimum mass, max inertia) [11].
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The H-bridge to drive the motor is L298N or MP6513 as a diagram in figure 9.

Figure 9. H Bridge to drive the DC motor [12]

The code for constant monitoring of the sensor and adjusting the motor is provided at a high
level as in Figure 10.
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Figure 10. The Algorithm and high-level code on Arduino IDE

5. Conclusion

The design has been made for scale model bicycles however this design can be implemented also for a
real bike or motorcycle was given a change in the DC motor with sufficient power and torque, sufficient
inertia by bigger pendulum wheel and sufficient power from bigger H bridge power electronic. The
inverted pendulum is sufficient to provide a self-balancing for scale model bicycle. However for a full-
scale implementation a study has to be made if the design to be implemented with a human passenger
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to provide sufficient data on how to provide more stabilization from other dynamic balancing factors
such as steering wheel, velocity, gyro effect from the wheels, etc.
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