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Abstract— This project is an attempt to make a vertical, two-

wheeled robot which will be capable of balancing itself with 

the help of the mechanical, structural and electronical 

equipment and sensors. The structural part is made such that 

the device is unstable and leans on the vertical axes. The 

geographical sensors provide with the data such as the height, 

inclination, etc. These data is passed on to the microcontroller 

which evaluates these data using the PID algorithm and 

provides with independent rotation to the wheels. The wheels 

are fitted with a servo motor and this independent rotation 

helps the device to balance itself and to stay in its vertical 

position. 
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I. INTRODUCTION 

Self-Balancing robot has become an interesting topics in the 

field of electronics. As it is based on the theory of inverted 

pendulum. Its natural state is that it is naturally unstable. So 

to stable the mechanical form of the device a controller is to 

be implemented with the help of different sensors. The 

feedbacks from these sensors will be processed using crude 

proportional, integral, derivative (PID) algorithm for the 

control signals. 

 Today one can see self-balancing system at 

numerous places and they are also part of important machines 

of different types. Today the most important part or the most 

challenging job is to balance the robot on different types of 

planes like a slanted surface with full accuracy of the sensors 

feedbacks. 

 Self-balancing robots have been existing since the 

80’s. The first capable model of the self-balancing robot was 

created by Professor Kazuo Yamafuji. It simulated the 

behavior of an inverted pendulum. After that many prototypes 

were made on this theory of inverted pendulum. And the 

accessibility of the essential electrical components 

throughout helped the creators with coming up with new 

prototypes with new techniques to control the balance of the 

device along a vertical axis. 

 The fundamental principle of the self-balancing 

robot is very simple. The principle is to move the wheels in 

the direction the robot is falling to maintain a vertical 

position. So whenever the robot falls to the right, the 

controller has to drive the wheels toward the right so as to 

keep the mass center above the wheel axle. As long as the 

robot is upright the robot stays stationery. 

 
Fig. 1: Free Body Diagram of Inverted Pendulum 

II. EXISTING SYSTEM 

 The existing principle of self-balancing robot is based on 

the inverted pendulum concept. 

 In this model the inverted pendulum sits in a cart which 

is allowed to move along the horizontal axis while the 

pendulum stays upright. 

 These robots are small in size and a less power is required 

to power the robot. 

 The angle measurement is done with the help of an 

accelerometer and a gyroscope fusion. 

III. PROPOSED SYSTEM 

 Instead of DC motor, Stepper motor should be used. 

 Because of Stepper motor, there will be no performance 

loss when there is a drop in the voltage from the battery. 

 The movement of the wheels will be precise. 

 And also because of the Stepper motor the robot will be 

able to run at the same speed. 

 It will be possible for the robot to move in a straight line. 

 It is a vertical design rather than the cart design. 

 The vertical design will provide the optimum inertia to 

the robot to move faster in any given direction. 

IV. LITERATURE REVIEW 

There are many prototypes of the self-balancing robot present 

today. Few examples of self-balancing robots include: Nbot 

by David Anderson, Joe le-Pendule by Felix Grasser and 

Legway by Steve Hassenplug. 

 The Nbot by David Anderson uses a 16-bit Motorola 

HC11 robot controller for the management of the sensor input 

from its gyroscope and accelerometer. It has a total of four 

sensors to measure the full state of the system. These include 

an optical-encoder, accelerometer, gyroscope and the tilt 

sensor. The optical encoders are used to determine the 

position of the robot. All these sensors for the tilt angle and 

the rate of change are provided in a single sensor called the 

FAS-G from Microstrain. This sensor uses a Weiner filter to 

fuse three signals from the other sensors to produce a signal 

of better quality. 

 
Fig. 2: Nbot by David Anderson 
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 The next exciting self balancig robot is the Joe Le-

Pendule by Felix Grasser. This robot consists of a controller 

for the access of the forward and the backword movements. 

There is another controller present. It controlls the 

movements of the robot about its vertical axis. These are the 

two decoupled control systems present. This specific robot is 

capable of doing a spin around the vertical axis or making a 

u-turn. The sensors present are accelerometer and a 

gyroscope sensor to measure the tilt angle. 

 
Fig. 3: Joe Le-Pendule by Felix Grasser 

 The next device in the list is the Legway by Steve 

Hassenplug. This exciting machine has a framework of the 

Lego bricks. This robot is different from the others as it uses 

infrared proximity sensors to determine the tilt angle of the 

robot’s frame. 

 
Fig. 4: Legway by Steve Hassenplug 

V. MODULES 

The number modules required for this project are four. Given 

below is the description of all the four modules used in this 

project. 

A. Arduino Nano 

The idea of an Arduino Nano board is that all the beginners 

who have started their way through the microcontrollers don’t 

have any problem in using it. It is referred to as a breadboard 

friendly board with simple connections. There are multiple 

ways to supply power to the Arduino Nano board. They are 

with an USB jack, or through a Vin Pin or the last option is 

to directly use the positive 5 Volts pin. 

 There is a total of 14 digital pins used for digital 

input and output; and a total of 8 analog pins on the board. 

There are more pins for special purpose and for extra 

functionality. 

 
Fig. 5: Arduino Nano 

B. MPU6050 Gyro+Accelerometer Breakout Board 

This MPU6050 board is comprised of a 3-axis accelerometer 

and a 3-axis gyroscope. This board is the main component for 

measuring the acceleration, displacement, velocity and 

orientation and the other parameters associated with the 

motion of a system or a machine. 

 
Fig. 6: MPU6050 Breakout Board 

C. L298 Driver Module 

This module is referred to as an integrated monolythic circuit. 

It consists of a hogh voltage and a high curent dual full-bridge 

driver. This driver module is capable of driving inductive 

loads such as solenoids, relays, DC and stepping motors. This 

module is capable of driving 2 DC Motors or 2 Stepping 

Motors at a given time simultaneously. This is because of the 

presence of the dual H-bridge. 

 
Fig. 7: L298 Driver Module 

D. Geared DC Motor+Wheel 

The geared DC Motor is the combination of a gear assembly 

attached to a motor. This fusion is reason for the increased 

torque and the reduce speed which is the very much need for 

the self-balancing robot. The usage of the correct 

combination of gears in the geared motor, the speed required 

can be attained. This method of reducing the speed by using 

a correct combination of gear system is known as gear 

reduction. 
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Fig. 8: Geared DC Motor+Wheel 

VI. SYSTEM ARCHITECTURE 

The Self-Balancing robot needs to counteract with the 

different sensors and the motos to keep it’s balance. For this 

correct feedback and the right correcting elements is required. 

To provide the correct feedback the element used in the robot 

is the MPU6050 Gyroscope+Accelerometer. This the 

combination of the two sensors i.e. the Gyroscope and the 

Accelerometer.These sensors give the feedback of the angle 

with the vertical position, the acceleration and the rotation of 

the device. Then the Aduino board is used to know about the 

current orientation of the robot. The Arduino board evaluates 

the orientation and provides with the correcting feedback. 

The motors and the wheels are the correcting element in the 

robot which acts on the feedback of the orientation received 

by the Arduino board. And to move the centre of mass to a 

hgher point the battery is located on the top of the 

architecture. Because higher centre of mass means that the 

mass moment of inertia is higher which co-relates to lower 

angular acceleration. Given below is the connection diagram 

of the robot. 

 
Fig. 9: Connection Diagram 

VII. CONCLUSION 

The pitch angle was designed based on a complimentary filter 

and it was designed to be accurate and precise. This filter was 

successful in eliminating the gyroscopic drift and the motor 

noise. The self-balancing system is capable of balancing ina 

limited conditions without the need for complex circuitry. 

The major difficulty faced was the sensing of the balance of 

the robot. The time taken to balance is limited and is done 

with accuracy. 

 The balancing factor of the robot can be increade by 

a properly designed gearbox. The gearbox should have a 

negligible gear blacklash. So by all these topics implemented 

on this project, the self-balancing bot was build successfully. 

Further work will include the vision system which will help 

the robot to avoid obstacles in the path. And by using better 

equpments the speed of reaction of the robot can be increased. 
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