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Abstract- The analysis of the concept for self-balancing robots and its theory and implementations was proposed 

in this paper. Self-balancing bots are based on the inverted pendulum theory. In crisis situations and mountain 

regions, these types of bots can be used to provide medicines. A Self Balanced Robot has the ability to stand 

upright only by using the two wheels that minimise the bot 's height. As a Spy Bot, it has a really successful 

application. It relies essentially on the inverted framework of pendulum and balancing with sophisticated 

controllers and PID algorithms. The idea of creating this self-balancing bot is an inspiration for potentially moving 

two-wheel bots that can make it simpler and more effective for a man to operate. We can reduce the risk of human 

life mortality by using bots in hilly areas, such as mountains, in the event of disasters to provide services and to 

provide rescue operations at times of need.  
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1. INTRODUCTION 

This study paper allows one to understand the creation of self-balancing robots with two independently driven 

wheels and a centre of gravity above the axis of rotation of the wheels. The robots' motion approaches the 

pendulum inverted. The device has a remote control for the user to monitor the movement of the robot. We can 

display video images in real-time using the MATLAB GUI. The MPU-6050 sensor is used to calculate the tilt of 

the robot.MPU-6050 is the sensor for calculating robot inclination.[5] These robots have made rapid strides or 

have been in many fields of public concern and their everyday lives over the past decade. There are also some 

models that can help people in daily life, such as travel aids, etc., which are based on the above mentioned model. 

These robots are based on the wide variety of applications, including their lightweight nature and tight power with 

a null turning radius[5]. 

 

 
 

Fig. 1.1 Concept of Simple Pendulum, The force of gravity is in downward direction.The component of 

this force is responsible to make bob in a stable position. 

2. LITERATURE REVIEW 

This section will include perspectives and literature reviews on the latest technologies and methodologies that are 

accessible and used to build a two-wheel self-balancing robot. The fundamental concept behind the equilibrating 

robot is based on a pendulum model and has been widely used worldwide in developing wheel robotics along with 

other robotic types including legged robots.[12] A double wheeled robot design is introduced using the Digital 

Signal Processor based on researchers in the Industrial Electronics Laboratory of the German Federal Institute of 

Technology. A linear state space controller using gyroscope and engine encoder sensors is used to balance this 

device[5]. 
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2.1 Previous project works 

Dean Kamen, who has developed a lot of control systems, has created a two-wheeled robot called SEGWAY HT. 

 
Fig. 2.1 Previous Model of SBB(Self Balancing Bot) 

Although this robot has an additional function, while a user stands on top of it and navigates the ground with it, it 

can balance it. A two-wheeled robot with digital signal processor control is also available for another robot built 

by researchers from the Industrial Electronics laboratory of the Swiss Federal Institute of Technology. Steve 

Hassenplug produced a self balancing robot with a more innovative approach. The Nbot, designed by David. 

P.Anderson.Some people at Columbia University still have Brennan's Monorail releases and modifications. But 

the group was sadly unable to develop a working model. During use, the electronic component of the model was 

overheated and the motor was burnt. The electronic section was not well and did not perform well [9]. 

The figure above demonstrates the working model of a self balancing bot. 

2.2 Control system 

After all, there are only two types of controls used to govern a system that is known as linear and non-linear 

controls. Proportional, integral and derivative, commonly known as PID, is one of the most famous controls used 

by many researchers. A number of variables required to be considered in order to create the framework 

accordingly applied. So, the system is complex.  Nonetheless, few requirements required to model the system are 

smaller in scale. Because of this, it is preferred by most of the researchers because it is simpler and effective in 

some instances[19]. 

3. TWO WHEEL BALANCING CONTROL TECHNOLOGIES 

In order to sustain a balanced robot, the motors have to counter the robot collapse, and input and element correction 

are important for this step. The MPU6050 gyroscope and accelerometer feedback element is used to accelerate 

and rotate all three axes. Arduino is used to know the current robot orientation of the robot. The MPU6050 sensor 

module is a full motion detector with a three-axis gyroscope, a 3-axes accelerometer and a digital motion processor 

made up of an entirely small box. It is also fitted with a sensor of temperature. It has an I2C bus protocol for 

communicating with microcontrollers[11]. The 3-axis MPU6050 gyroscope tests the angular rate (turning speed) 

around the three axes. In order to be able to calculate the rate of fall of the robot, the cornering speed on the x-

axis is sufficient for our self-balancing robot alone. We made two measurements from two different sources. The 

calculation of the accelerometer is influenced by abrupt horizontal motions and the calculation of the gyroscope 

steadily changes away from the actual meaning. In MPU6050, short-duration signals are used to read the 

accelerometer and long-duration signals have an effect on the reading of the gyroscope.[8] 
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Fig. 3.1 PID Control Parameters, kp,ki and kd..is used for removing steady state errors,       reducing 

oscillation and making them stable[20] 

The accelerometer and gyroscope readings are complementary to each other. To get a secure, precise measurement 

of the angle, we combine them both using a Complementary Filter. The  filter is essentially a high-pass gyroscope 

filter and a low-pass filter with the effect of the accelerometer to filter out drift and noise from the measurement. 

The controller to control the inclination angle is a PID controller, a common industrial automation controller. To 

attach a camera to tape the image, the slab and tilt platform must be installed and placed on top of the robot[3].  

A remote controller that controls the movement of the robot as well as the pan and robot tilt is included in the 

device.A MATLAB Interface needs to be developed to allow the user to track video in real-time and to save a 

video on a hard disc. This paper will discuss various existing approaches for implementing the scheme[10]. 

3.1 Self Balancing Algorithm 

We suggested mixing accelerometer and gyroscope sensor readings in the study paper to calculate the angle of 

inclination in the development of the double-wheel self-evolution robot based on the algorithm of particle swarm 

optimization. In the right inclination angle are using both the accelerometer and the gyroscope. Both are used in 

the MPU6050. We receive all accelerometers and gyroscope data and then fuse the readings with either the 

Kalman Filter or the use of complementary Filter. The research document further states that the investigator has 

attempted to eliminate noise from the sensor of the MPU-6050 with the Kalman filter and the additional filter, 

which has been shown to be swift and stable when opposed to heavy Kalman filters. The use of the supplementary 

filter would be much simpler.The paper also shows the use of PID controllers to enhance stability in the robot.[22] 

The research paper contrasts both the linear and the PID controllers and finds that, in terms of efficiency, the LQR 

is much better than the PID. With the help of a computer-aided design programme, The model is created for the 

wheeled self-balancing robot and then exported to MATLAB / Simmechanics, which is a MATLAB multibody 

modelling toolbox. The LQR controller is developed and applied to the model using MATLAB / Simulink 

software after linearization. A PID controller is the main controller used to build this self-balanced robot and 

complementary filter is the filter used[7]. 

   
 

Fig. 3.2 Model of Inverted Pendulum 
According to the report, the project succeeded with robot stability being satisfactory. The foundations behind the 

auto balance bot control mechanism are the stability of the inverted pendulum by using strength at its hinge.The 

paper describes another method for PID controller design whereby furry adaptive gains should be allocated to PID 

controllers rather than constant PID gains for each inclination value. High stability and low engine noise efficiency 

have the effect of such an implementation. 
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Let's take an example of a two-dimensional device in which the pendulum is confined to a vertical plane. The 

mechanism consists of experimental components to drive the cart horizontally, such as control input Force F, and  

the outputs are theta, which is the angular position of the pendulum and distance 'x'  from the origin. The figure 

(4) above represents a cart pendulum system with all the experimental components and its specifications. 

3.2 Modeling of Non-Linear Dynamical System 

In mathematics and science, a non-linear system is a system in which the output change is not linearly proportional 

to the input change. Non-linear problems are of interest to engineers, scientists, mathematicians, etc. since 

basically, most natural processes are non-linear. In contrast to far simpler linear systems, non-linear dynamic 

systems that reflect changes in variables over time frequently appear chaotic, unpredictable, or counter-intuitive 

in nature. A nonlinear system usually defines its behavior as a set of concurrent equations in which unknowns 

appear as polynomial variables of a higher degree than one (or unknown functions for different equations). This 

method is considered a non-linear method of equations[5]. 

CONCLUSION 

In this paper, we focused on evaluating and experimenting on two wheels with the aim of moving away from self-

balancing, navigation or avoiding obstacles in order to be able to perform tasks such as transporting or monitoring 

the surrounding area.  Improved methods of control and artificial intelligence have been streamlined in order to 

maintain balance control. 

The system is effectively operated by linear controls, non-linear controllers and self-adapting controllers. 

The experiment would have to be assessed on the basis of trajectory, speed, speed setting, obstacle avoidance 

technique and contact with the surrounding environment. 

FUTURE SCOPE   

Self-balancing bots can be used to provide medicines in situations of pandemic. Highly useful for medical 

assistance in mountain areas where humans find it difficult to access. In the future, several more innovations will 

be implemented and will be of assistance in the area of robotics. 
Modern vehicles such as the Segway or Hover board and Ball Bot are the most popular examples of this robotic 

platform. In their everyday lives, more ideas will help individuals to use bots. 
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