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Abstract 

The goal of this project is to design, analyse and build a self-balancing single wheel bike for use as a transportation tool for 

someone travelling short distances. The project consists of a research phase in which similar systems have been investigated to 

help determine a sensible design approach and to establish appropriate design specifications; a design phase in which a model 

was designed with certain assumptions to meet the aforementioned specifications and a construction phase, in which the vehicle 

was built and tested.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

A self-balancing electric bike is a type of unicycle that is an electric vehicle that uses sensors, gyroscopes, and accelerometers in 

conjunction with an electric motor to assist a rider with balancing on a single wheeled vehicle. 

Two things are certain in this crazy world - unicycles are cool and unicycles are seriously hard to ride. Well no longer. Now 

anybody can clown about on a unicycle and what's more, you don't even have to pedal.  Most people can learn to ride a bike 

without much problem. Humans are adept at balancing laterally left to right and the gyroscopic effect of the wheels makes it easy 

to stay up once on the move. Remove one of the wheels to make it a unicycle and the tendency to topple backwards or forwards 

around the single axle is almost impossible to avoid. Seasoned unicyclists manage it by using the directly connected pedals to 

constantly adjusting the wheel backwards and forwards underneath them. Using gyros, accelerometers etc., monitor the 

orientation of the unicycle and via a processor, and a bunch of clever algorithms, a hub-mounted motor either speeds up or down 

to maintain axial forwards/backwards balance. Just like the Segway you lean slightly forward to go forward and back to brake. 

Unlike the Segway however, accidents are much less likely since you can just quickly put your feet down to stop! The other 

advantage over a Segway is that you don't look like a dork 

This report will next discuss the methodology used to develop a self-balancing bicycle, including the development of two 

potential design concepts, the development of strategies to balance a bicycle for a given design concept, and description of the 

principles behind the physical, electrical, and computational aspects of the system. Following the methodology, results will be 

presented based upon data collected during the operation of the system and the status of the compliance of the prototype to the 

specifications set forth in this report. This report will also include a discussion of the results and suggestions for future work on 

the system. 

II. OBJECTIVE OF THE PROJECT 

The main purpose was to design, test and fabricate a fully functional one wheeled self-balancing bike which can be used as a 

means of short distance transportation for a single person. It is electrical powered and driven by natural movements; forward and 

backwards motion should be achieved by leaning forwards and backwards. Turning should be achieved by body weight and 

forcing the handlebar in direction of turn. This bike has to maintain its upright position when it is not moving and when it starts 

to move forward or backward. When travelling with some speed, it has to use the body balance to change the heading angle. One 

of the goals was to design economical bike. More specifically, the project concept is stated as follows: 

“There is no throttle, the bike just needs you” 
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Bike uses advanced motion sensor technology to detect even subtle input from its rider and reacts accordingly. Lean forward 

and the bike will accelerate forward. Lean back and the bike will follow suit, standing up taller and slowing down 

III. METHODOLOGY 

This section covers the progression of the development of the two major departments for this system that is mechanical design 

and electrical circuits. 

 
Fig. 1: Methodology 

IV. INVERTED PENDULUM PRINCIPLE 

This problem of balancing a bicycle is analogous to what is known as the 'inverted pendulum' problem. An inverted pendulum is 

a pendulum which has its mass above its pivot. The pendulum can be anything form a simple mass and rod, to a full system. 

While a normal pendulum is stable, an inverted pendulum is inherently unstable and must be actively balanced to remain upright 

[1] 

 
Fig. 1: The inverted pendulum principle 

V. DESIGNING 

The project was divided into two parts, mechanical and electrical designs. 

 Computer Aided Design 

 
Fig. 2: CAD Model 
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 Electrical 

For better understating of balancing mechanism, prototype was made. The bot consists of three platforms which have arduino, 

IMU, motor driver mounted on it. On the lower part of the base platform, the two high torque motors (300 rpm) are clamped. 

The whole bot gets balanced on two wheels having the required grip providing sufficient friction (as there are large chances for 

wheels to skid). 

 Accelerometer 

 Gives the components of acceleration (g) along its three axis. 

 More sensitive and noisy data. 

 Gyroscope 

 Gives the components of angular velocity along its three axis. 

 Less sensitive but its output gets DRIFTED along with the time. 

 
Fig. 3: Prototype Picture 

 Prototype Budget 

This is a manifest of all of the parts that were present on the prototype, and their respective costs. These costs do not include 

shipping and handling. 
Table – 1 

Prototype Budget 

S. No. Parts Cost (in rupees) 

1 Sensor-MPU6050 350 

2 Motor-200rpm 650 

3 Amplifier-L298 120 

4 Microcontroller-ATmega328 160 

5 Wheels 30 

6 Adapter-12volt 160 

7 Others 300 

 Vehicle Specifications 

The following are the design criteria for motor sizing according to the project objective. 
Table – 2 

Vehicle Specifications 

Maximum driver weight 80 kg 

Desired top speed 12 Kmph 

Gross vehicle weight 25 Kg 

Radius of wheel/tire 10 inch 

Desired acceleration time 5 sec 

Maximum inclined angle 10 degree 

 Motor Specifications 

Table – 3 

Motor Specifications 

Type DC Motor 

Made by Varroc 

Used for Power train 

Voltage 12V 

Current 58amp 

Torque 700Nm 

RPM 3000 
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VI. CALCULATIONS 

The following are design criteria for motor sizing according to the project objectives;  

 Desired top speed (Vmax) - 15km/hr. 

 Maximum driver weight –80 kg (extra 20 kg payload) 

 Gross vehicle weight (GVW) - 25 kg. (assumed)  

 Radius of wheel/tire (Rw) – 0.381 m  

 Desired acceleration time (ta) - 05 seconds. 

 Maximum incline angle (α) - 10 degree 

To choose motors capable of producing enough torque to propel the vehicle, it is necessary to determine the total tractive 

effort (TTE) requirement for the vehicle:  

TTE = RR + GR + FA 

Where:  

TTE = total tractive effort [N]  

RR = force necessary to overcome rolling resistance [N]  

GR = force required to climb a grade [N] 

FA = force required to accelerate to final velocity [N] 

 Step One: Determining Rolling Resistance 

Rolling Resistance (RR) is the force necessary to propel a vehicle over a particular surface. The worst possible surface type to be 

encountered by the vehicle should be factored into the equation.  

RR = WW×g×Crr 

Where:  

RR = rolling resistance [N]  

WW = Weight on wheel [kg]  

Crr = Rolling Friction Coefficient  

RR = 25 × g × 0.002 (Crr value for bicycle tire on concrete) =g×0.05N 

 Step Two: Determining Grade Resistance 

Grade Resistance (GR) is the amount of force necessary to move a vehicle up a slope or “grade”. This calculation must be made  

using the maximum angle or grade the vehicle will be expected to climb in normal operation. To convert incline angle, α, to 

grade resistance:  

GR = WW × g ×sin(α) 

Where:  

GR = grade resistance [N]  

WW = Weight on wheel [kg]  

α = maximum incline angle [degrees]  

GR =25× g × sin(10) = g × 4.31 N 

 Step Three: Determining Acceleration Force 

Acceleration Force (FA) is the force necessary to accelerate from a stop to maximum speed in adesired time.  

FA = WW × g ×Vmax / (g ×ta) 

Where: 

FA = acceleration force [N]  

WW = Weight on wheel [kg]  

Vmax = maximum speed [m/s]  

ta = time required to achieve maximum speed [s]  

FA =25×g× 4.16 / (9.81×5) = g× 2.126 N  

 Step Four: Determining Total Tractive Effort 

The Total Tractive Effort (TTE) is the sum of the forces calculated in steps 1, 2, and 3. TTE = RR + GR + FA = (2.126 + 4.31 + 

.05) × g = 6.481× 9.81 = 53.56 N 

 Step Five: Determining Wheel Torque 

To verify the vehicle will perform as designed in regards to tractive effort and acceleration, it is necessary to calculate the 

required wheel torque (Tw) based on the tractive effort.  

Tw = TTE ×Rw 

Where,  
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Tw = wheel torque [Nm]  

TTE = total tractive effort [N]  

Rw= radius of the wheel/tire [m]  

Tw = 53.56× .381 = 20.4 Nm. 

Therefore, the motor must be able to provide 41.8 Nm of torque to the wheel through the power train.  

VII.  MAJOR COMPONENTS 

Table – 4 

Major Components 

S no. Parts Quantity 

1 Tire 1 

2 Frame 1 

3 Motors 2 

4 Motor drivers 2 

5 Battery 2 

6 Sprocket 2 

7 Chains 2 

8 Seat 1 

VIII. MECHANISMS 

We are using two motors in which, one drives the vehicle forward and other backward which results in deceleration of vehicle. 

Battery is used as a power source which powers the motor through drivers. The driver unit has a gyro sensor, which sends the 

signal to integrated circuit which then commands the motor to react. 

To transmit the power from motor to wheels chain-sprocket arrangement is used. Two arrangements are used on for forward 

drive and one to stop the vehicle. Pinion gear on the output shaft of motor drives the sprocket through chain and sprocket is  

attached to the wheel. 

 Result 

 
Fig. 4: Actual view of vehicle 

IX. CONCLUSION 

With the idea of innovation, the challenging journey of fabricating single wheel self-stable electric vehicle started. We have 

finally designed the drivers that are capable of commanding the motors to balance the vehicle according to the driver’s moment.  

We have also fabricated the vehicle and assembled all the components. The vehicle is capable of stabilizing itself in forward and 

backward directions. 

The drivers are designed to draw 600-800 amperes of current in a single direction. We have also taken care of the safety for 

which the drivers are designed with tilt protection and electronic breaking. 
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