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Abstract— In developing countries, the increasing rate
of urbanization and prevalence of motor vehicles is the principal
cause of energy over-consumption, greenhouse gas emissions, and
environmental deterioration. As a new type of transportation
device, personal transporter may offer several potential benefits
to solve current transportation-related problems. Balancing the
personal transporter is a hard task. In this paper we design and
develop a personal transporter with self balancing mechanism.
This transporter works on the principle of inverted pendulum. It
includes the designing of PID controller to combine the results
from the sensors, designing motor speed controller and
implementation of the self balancing mechanism. The battery is
used to provide supply to the transporter.
Index terms— Self balancing mechanism, inverted pendulum,
PID controller, motor speed controller.
I.

INTRODUCTION

As the price of petroleum products increasing now-a-days,
there is a need for cheaper and more efficient form of
transport. Even large industries and manufacturing companies
that spread over large areas restrict the usage of means of
transport by their employees within their premises to avoid the
risk of contamination due to emissions[1]-[3]. In addition,
saving energy in order to resolve the problem of fossil fuel
depletion is becoming increasingly important. To meet those
needs, research on eco-friendly transportation has been
increased [3]. Manufacturers have a great need for competence
in the field of hybrid vehicle technology or even fully
electrical vehicle technology as a step towards fulfilling these
goals [9].
It works on the principle of inverted pendulum and
employs the use of electromechanical components which can
be used as a means of transportation for a single person [3].
The two-wheeled, self-balancing vehicle is a non-linear
multivariable and naturally an unstable system. Controlling
such a system is a hard task and thus it is the topic of research
[4]-[7] It will move forward if the user tilts in forward
direction and backward if the user tilts in backward
direction.[8]
This paper presents a vehicle in which all
components (mechanical, electrical and control) have been
designed from ground up, produced, coupled together and
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tested. This vehicle can be viewed as ecological, battery
operated and very easy to be used as system [10]-[11].
A rider holds the steering while standing. The vehicle
through an onboard-control system balances itself as well as
responds to commands implied by the movement of the rider.
For example, if the rider leans forward, the vehicle will
accelerate in the forward direction and vice versa. By tilting
the steering, we can take left and right turns. Accelerometer
and gyro sensors are used to make tilt angle estimation [14].
The balancing of the vehicle can be done using
inverted pendulum principle [15]. An inverted pendulum is a
pendulum which has its center of mass above its pivot point. It
is often implemented with the pivot point mounted on a cart
that can move horizontally and may be called a cart and pole
whereas a normal pendulum is stable when hanging
downwards, an inverted pendulum is inherently unstable, and
must be actively balanced in order to remain upright [12],[13].
this can be done either by applying a torque at the pivot point,
by moving the pivot point 3 horizontally as part of a feedback
system, changing the rate of rotation of a mass mounted on the
pendulum on an axis parallel to the pivot axis and thereby
generating a net torque on the pendulum, or by oscillating the
pivot point vertically [9]-[11]. As an example, we can consider
a stick to be balanced by placing it vertically on the hand. If
the stick tends to fall forward then we move our hand in the
forward direction and vice-versa so that the stick does not fall
down. In this paper the same principle is applied to balance
the two wheeled vehicle [17].
In balancing the vehicles where pitch angle is of
interest the accelerometer can be used to measure the
orientation of the vehicle with respect to gravity. To measure
the angular rate of an object with respect to an inertial system,
a gyroscopic sensor (gyro) is used [15]. The output from these
sensors is processed in to the controller. The information from
both the sensors is combined and filtered. The PID control
algorithm is used to produce the relevant pwm signal. Based
on these outputs, the controller balances the vehicle [16].
This personal transporter has two wheels. Two high
torque dc motor are connected to the wheels. These motors are
used to handle the human weights. Based on user instruction
the controller drives the motors through Victor888 motor
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speed controller. We use concept of PWM to vary the speed of
the motor.
The direction of the rotation of motors is controlled
by the motor controller. In this paper we propose victor motor
controllers so that the precise control and meet braking
requirements. The victor is first calibrated by giving 1ms-2ms
PWM signal and then it is connected to the motors.
Power supply plays a vital role in any embedded system.
Batteries are used to provide power to the system. The battery
status information is processed into the controller, which
displays this information on LCD to intimate the rider.
In this paper, we design and develop a two wheeled self
balancing personal transporter. The readings from the sensors
are combined and are given to the controller. The controller
continuously processes the data and gives the relevant motor
power required to drive the wheels in the required direction.
II.

BLOCK DIAGRAM OF PROPOSED SYSTEM

Figure 1 shows the block diagram of self balancing
personal transporter.
Control unit consists of a
microcontroller. Micro controller process the data from the
accelerometer and gyroscopic sensors. The motors used in the
vehicle are controlled based on the data processed by the
controller.

of sensor modules, control module, motor drivers, motors and
power supply modules.
The 12V battery is used to provide supply to the whole
circuit. The recargeable battery is useful so that it can be
charged and used to drive for certain distance.
In the proposed system the sensors used are accelerometer
and gyroscope sensors. The Atmega16 microcontroller is used
as a control unit. The accelerometer to be used is adxl335 by
analog devices available as a breakout board. It is selected
because of its sensitivity. The values of gyroscope sensor
adxrs620 are combined with the accelerometer values to know
the exact tilt of the vehicle by the rider.
The system cannot provide efficient and reliable
information to ensure the balance of the body by using the
accelerometer or the gyroscope only, so the sensor fusion is
usually used to combine the data from several sensors. There
is no such thing as a perfect measurement device, each type of
sensor has its strong and weak points. The accelerometer
measures inertial force, which can be caused by gravity or by
the acceleration of the vehicle. The accelerometer is very
sensitive to vibration and mechanical noise, even when it is
still or in a relatively stable state. The gyro sensor outputs a
quick response to changes in angles, but it suffers from
integration errors due to zero drift. So the simple
complementary filter is used to filter noise by combining these
two kinds of sensors to obtain the data on the inclination
angle. The idea behind sensor fusion is that characteristics of
one type of sensor are used to overcome the limitations of
another. The complementary filter is useful in noisy
measurements. The controller processes the data and gives the
relevant output signal to the motor driver so that the wheels
are rotated in required direction.

III.

CONTROL SRATEGIES

The user interfaces will have control over the
microcontroller and feedbacks the vehicle status to the
microcontroller. The controller reads the status information
and controls the wheel movements accordingly. The system is
powered through rechargeable battery.
This is a two-wheeled vehicle in which the two wheels are
driven through motors which are attached to the motor drivers.
The vehicle is controlled with four different motions: Forward,
Backward, Left and Right. To make the robot to move in these
directions we should operate the motors as shown in table 1.
TABLE I
DIRECTION OF MOTORS

Fig.1.Block diagram of self balancing personal transporter

Direction
Motor
Right Motor

The vehicle is to be built before it is controlled. The parts
required to construct the vehicle are shown in fig1. It consists

Left Motor

Forward
Anti
Clockwise
Anti
Clockwise

Backward

Left

Right

Clockwise

Clockwise

Anti
Clockwise

Clockwise

Anti
Clockwise

Clockwise
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In order to achieve the better driving performance of the
vehicle we should choose the motors that can handle system
weight. For this purpose two high torque CIM DC motors are
used which run with 12V DC supply.
The motor speed controller victor888 is used to change the
direction of motors forward or backward. The victor is first
calibrated by following the instructions provided in the
manual. The PWM signal varying in the range of 1-2ms is
generated first using the controller and then given to the
victor. The signal is varied between the ranges using joystick
so that the maximum and minimum ranges are detected by the
victor. PWM signals with varying time periods give different
speeds.
TABLE II
PWM SIGNALS OF DIFFERENT TIME PERIODS TO GET VARIABLE DIRECTIONS

Direction
PWM
Signal
Time Period

Backward

Neutral

Forward

1.0ms

1.5ms

2.0ms

programming language. Extra functions and libraries that
are related to the specific controller have been added to the
original C language.
Figure 3 shows the control program structure of the
self balancing personal transporter. In this program
structure, the readings from both the accelerometer and
gyroscope sensors are sent to the controller. These are
fused to get the exact tilt of the vehicle. To remove the
high frequency distortion in the reading of the
accelerometer it is passed through a low pass filter. The
angular velocity obtained from gyroscope is integrated to
obtain the angle and then passed through a high pass filter
to remove the low frequency distortions. The result
obtained from low pass and high pass filter are then
summed to find the estimated angle. Controller receives
commands from rider and controls the vehicle motion its
direction. User can control the vehicle motion in 4
directions: Forward, Backward, Left and Right.

The PWM signals with different time periods are given to
motor speed controller based on the user commands. The
possible different speeds are also considered in between the
neural and forward/backward directions. The experimental
results of the PWM signals that are given motor speed
controller in order to achieve different directions are shown in
figure 2.

Fig (a): PWM for reverse condition

Fig (b): PWM for Neutral condition

Fig (c): PWM for forward condition
Fig.3.Control Program Structure

Fig.2: PWM signal different diretions

IV.

CONTROL ALGORITHM

All the inputs and outputs of the system are controlled
by the on-board microcontrollers in the system. The
software running in the controller is embedded C.
Embedded C is a set of language extensions for the C

V. CONCLUSION
This paper presents design and the development of the self
balancing personal transporter which is capable of carrying
single person to move from one place to another within the
premises of large campus. The vehicle balances itself by
moving the motors in clockwise or anti-clockwise direction
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base on the readings from sensors. Thus the proposed system
can be much helpful in the large campuses like airports,
universities etc. This system reduces the work of humans as
well as provides eco friendly environment.
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