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Abstract

In this ongoing work, inertia generated from a rotating disc will be used to balance and enable a robotic mini-bike vehicle designed
around 2-motorised wheels. This also helps to compensate the mini-bike when it loses balance with applications to future autonomous
alternatives to hover boards and Segway’s. This system will use an embedded system target, a motor driving shield, wheel-rotating
motors, an encoder, a MEMS gyro/accelerometer, servos, and distance as well as rotation speed sensors. The motor vehicle operating
on 12V batteries will use of sensors to avoid obstacles of 10cm sizes and the rotating inertia wheel for balance is able to withstand a
tilt angle of £15° depending on the inertia torque. The motorized structure is capable of measuring a height of 10 cm and length 30
cm and weighs 300g. The structure is made from robotic joints built from 3D-printed parts made of drillable parts, the speed of wheels
up to 200rpm can be achieved at 9V. Direct current (DC) motors with current rating of 6A at 12V, a 48:1 gear ratio is capable of
providing wheel speed of 200rpm at 9V, will be used to move the system. The motor bicycle is being used in the detection of mines
using electromagnetic field generated from thin films attached to the wheels.
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1.1 Introduction

People working in the Mines are subjected to risking their lives. It is utmost important to remove the mines by using detectors, thus
keeping the workers safe and away from explosions [1-2]. The balance wheel robot is a mine detector that can be used in hazard
instead of human and it can go to places and check if there is any mine in the ground. Once it detect a mine, it sends information to
the worker through application in his phone [3]. Use of Robotic is a solution that can be used to automatically monitor land mine,
create historical record of data and prepare protection plan as well as observe any abnormal behaviors by alerting the users, thus
protecting the human from hazard or dangerous environment.

Previous work related to self-balanced wheels has been reported [4-5]. Firstly, a control system design was used for two-wheel self-
balanced robot, based on stepper motor [6]. It was a basic control system for two-wheel self-balancing robot with complex structure
and made use of many sensors. The price of this system was very expensive. The goal of the project in this paper is to develop a high
performance, low cost control system for a two-wheel self-balancing robot. This project employs novel filtering algorithms and control
strategies to reduce the cost. This paper presents a low-cost stepper as a drive unit to build mobile car and to realize self-balancing
control of car by means of appropriate control strategy, which can eliminate high disturbances of stepper. The experimental setup
shows the control strategy in this paper to achieve satisfactory results.
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Figure 1. Balance principle of the two-wheel self-balanced robot
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Result was that the balance principle of two-wheel self-balancing robot can be achieved as shown in Figure 1. When the robot goes
forward, the robot intermediate tilts towards back because of inertia, then the wheel should go back to correct the intermediate
inclination angle error.

The static or initial state of robot is unstable, because the center of gravity of the system is higher than the fulcrum. Using dynamic
system which takes angle in the vertical direction to control the object and control the angle in small scope to achieve near balance.
After adjusting PD regulation parameters, the dynamic balance of the robot has been very sensitive. The robot can quickly become
stable and keep the stability for long time.

Secondly, a straight-driving and turning compound control of the self-balancing two-wheeled robot was developed [7]. Self-balancing,
straight-driving and turning control in two-dimensional plane are the core technologies of the self-balancing two-wheeled robot.
Various controllers have been applied to the robot, showing different performance. Reference considers the robot as an inverted
pendulum. The modeling and control method of the robot is designed based on the inverted pendulum because they are similar in
physical and mechanical structure according to the similarity theorem as shown in Figure 2.

Figure 2. The self-balancing two-wheeled robot

The mathematical model and coupling characteristic of the self-balancing two-wheeled robot system is derived based on the system
modeling theory. Considering motion in two-dimensional plane, the straight-driving and turning compound control system of the
robot is proposed in a systematic way based on the special symmetric structure of the system.

To realize the best driving performance, the parameters of the controllers can be optimized in practical product development on the
basis of mechanical structure of the robots and the driving experience of the drivers.

Thirdly, a balancing and driving control of a ball robot using fuzzy control [8]. In the beginning, the robot, which looks like a ball-
shaped robot or using balls as the wheels or ball-bot, uses sensors and balancing fuzzy control algorithm adopts with angles of the
wheels and the encoder data. The performance of the designed control system has verified through real experiments with the suggested
ball robot. There is no need to rotate the robot body when changing the driving direction of the ball robot. The advanced modeling of
the ball robot is consistent with the 4-wheeled structure and you can get the relative stability of the load. Also, as it can rotate in the
same place, it is suitable for indoor environments as shown in Figure 3 and 4.

It’s a robot with 4-wheeled structures and the position of the rolling ball engine is in the center of the ball. Ball-bot’s body diameter
is about 300mm-416mm, the height is 470mm, the weight is 25kg and it’s in cylindrical shape. The ball used is a 10 pounds bowling
ball whose circumference is 68.5cm and the diameter is 21.5cm.

Figure 3. Two types of ball robot
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Figure 4. Ball robot's hardware composition
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In the work presented herein, a balance wheel self-control robot moves automatically when the person control it to monitor landmine,
create historical record of data and prepare protection plans as well as observe any abnormal behaviors by alerting the users. For the
robot is being programmed by MATLAB and comes with metal detector sensor, camera and alarm. The proposed robotic device is as
sketched in Figure 5, it consists of three main modules: the detection module, intervention module and the controller module. Pressure
sensors are used to detect the mines under the land, the detector module will analyze the sensor data and generate the coordinates of
the mines. Distribution maps is being used for data analysis and determine the places. The intervention module is an alarm system
that will be trigger ON when the robot sensor feels the electric field or senses the metal of the land mine. This project aims to reduce
death rates and injuries caused by the landmine explosion. And to protect human from hazard or dangerous environment.

Figure 5. Motorcycle balancing wheel

This project is differs from other 3 projects where in the 3 projects needs human to control it, but this project is self-controlled by use
of programmed microcontroller board built in it. Also the size of t project is small and easy to move anywhere and it can be used any
workshop environment.

The main objectives of this project is to use MATLAB to analytically simulate the mini-bike robot vehicle’s overall behavior and
create a model to program the hardware components, develop control algorithm, design robotic motorcycle parts and joints using 3D-
software like tinker-card or solid-works and print them using a 3D printer. Finally assemble a mini-bike robotic motorcycle vehicle
and detect metallic films buried under surfaces using electromagnetic fields.

2. Methods and Materials

The steps followed during the development of the motorized robot involved the design, modelling, simulation as well as 3D
manufacture of parts and assemble of the system.

2.1 System Block Diagram
The system is a combination of sensors/transducers, a microcontroller and motors. This is given in the block diagram as shown in
Figure 6.
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Figure 6. Completed system block diagram

On the input side there is the ultrasonic sensors that detect the distance of the closest object in front of the robot, a camera is used to
record images and convey them in real time as the robot moves through hazardous environments, as well as a hall sensor to measure
the speed of the inertia of rotating wheel that has inbuilt magnets.

The controller is based on the MKR1000 board equipped with an ATSAMWS25 system on chip microcontroller capable of functioning
at 5V and sourcing 7mA current at its ports. The ports are able to receive and transmit voltage signals up to 3.3V and they are connected
to the motor shield and to the metal detector module. The metal film detector is fitted to enable detection of thin metal structures using
electromagnetic field. The motor shield is based on the motor carrier which houses motor drivers for DC and servo motor.

The output side has the DC motors, the servo motors and a low impedance buzzer to sound the alarm upon mine detection. The DC
motors for inertia balancing of wheels. The motor at no load has 7500 rpm with a stall torque of 150g-cm while the motorbike wheels
with 1:100 gearbox has 320 rpm at stall torque of 2200 g-cm and when magnetic robot speed encoder readers was attached. The servo
motor had 180 degree sweep control by pulses generated from the microcontroller capable to steer the bike forward.
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2.2 System Circuit Connection

The wiring circuit of the system is shown in Figure 7. It consists of the input side made of the ultrasonic sensor, hall sensor and metal
detector. The output components are connected to the microcontroller using the digital ports. The microcontroller is also connected
to the motor shield which is then connected to the DC as well as servo motors.
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Figure 7. System wiring diagram

2.3 System Flowchart

The system flowchart is shown in Figure 8. Initially the minibike is reset and powered. The inertia sensor is read so that it balances
the bike as it starts moving. The obstacle sensors are then read so that if there is obstacle the minibike stops otherwise it will keep
moving, at the same time checks the presence of the mine using the metal detector. An alarm will then be sounded if any mine is

detected otherwise the bike will keep moving and repeatedly checks the inertia balance, obstacles and mine presence and thus act
accordingly.

Figure 8. System flow diagram
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2.4. Testing, Modeling and Simulation

Several testing, modelling and simulations were performed on the system to ascertain its performance. Initially the individual
components were tested to ensure they were operating properly. The assembled system was also tested under different conditions.

In general the nature of testing involved component testing, assembling parts from 3-D printout and system assembly, system
modelling and simulation as well as testing. Most of these are in progress and ongoing with available results that will be discussed in
the sections to follow.

3. Result and Discussion
The results from the various testing, modelling and simulations are shown in the figures as well as the discussions that follow.

3.1 Motor test

This was done to ensure the motors were operating as expected. This was done by generating pulse signals using pulse width
modulation from a microcontroller port and applying these to the motors. The speed of the motor was varied by varying duty cycle of
the pulses, and the direction of rotation was changed back and forth to check the maximum achieved speed.

dt

t/s

Figure 9. Motor speed in % duty cycle (d.t) and direction test over time (t) in seconds
The change in duty cycle (d.t in %) with time (t in seconds) as DC motors are swept back and forth are shown in Figure 9. From the
plot the motor starts at low duty cycle or zero speed rising to the highest duty cycle of 100% when the speed is highest. This was done
both in the forward and backward directions (100% to -100%). The behavior was the same for both motors.

3.2 Motor encoder reading test
This was done to determine encoder readings and counts done as the motor rotates, and to use these in determining the motor speed

in counts per second as shown in Figure 9.
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Figure 9. Encoder counts per second as the duty cycle of motor speed is varied with time in seconds (t)

The encoder reads and counts how the motor rotates and is able to measure the speed of the motor in counts per second, for different
duty cycles. The motor connections were made in such a way that the motor turning direction is forward or positive resulting in
positive encoder counts and positive motor speed counts per second. These could also be reversed for negative readings.
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3.3 Servo test
This was done to measure the angular rotation of the servo motor when pulsated signals are applied to it. The servo was able to move
in short angular rotations of 5 degrees sweeping from 0 degrees to 180 degrees as shown in Figure 10.
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Figure 10. Servo sweep from 0 degrees to 180 degrees
3.4 Hall counts
The hall sensor was tested for its detection of the magnetic field density around the inertia wheel which has inbuilt magnets spinning
with the wheel. The sensor was placed next to the inertia wheel to detect its speed. When the hall sensor was close to the magnets the
hall counts measured were higher compared to having no magnet around as shown in Figure 11.
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Figure 11. Hall counts C were higher the closer the hall sensor was to the magnetic intensity M in the spinning inertia wheel
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3.5 Inertia measurement
The behavior of the minibike was tested under different conditions of acceleration, rotation and magnetic field using an accelerometer,
gyroscope and magnetometer module. This was done to note the speed, orientation and effect of the magnetic field on the device. The
values in the x, y, z axes were measured to show when the orientation of the bike was so large that it would fall. The magnitude of all
the values with time was then plotted in Figure 11 as the minibike orientation was varied.
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Figure 11. Motorcycle acceleration, orientation, and magnetic measurements magnitude varied with time

3.6 Obstacle test

This was done to detect obstacles in front of the minibike so that motors can be stopped or turned away from the obstacle. The
ultrasonic sensor was connected to the microcontroller in search a way that it generated a pulse to the trigger pin setting active the
echo pin of the sensor. As such any obstacle infront of the minibike would reflect back the sound waves as echo enabling the
microcontroller to measure the flight time and thus the distance of the obstacle from the motorbike. Several obstacles were detected
in front of the robot and different sensor reading were taken as shown Figure 12.
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Figure 12. Obstacle detection infront of minibike varied with time

4. Conclusion and future work

Progress achieved this far on the development of a motorized minibike capable of moving using an inertia steering wheel has been
presented. The system centered around a system on chip microcontroller and guided by obstacle, metal and magnetic detection sensors
uses pulsated signals to control DC and servo motors that propel the motorcycle forward. Testing done this far shows that the sensors
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are capable to detect obstacle, monitor magnetic field intensity and use motors to steer the system to full acceleration while keeping
a stable balancing orientation. As part of ongoing work the model of the system will be developed, simulated, and the parts three
dimensionally printed, assembled, and tested. The metallic detection circuit will be added to the system to detect the presence of
mines.
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