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ABSTRACT 

 

As the growth of technology in electronics, controllers and mechanical engineering, 

designing robots in various forms becomes very interesting. Self-balancing and driving 

robots such as cars, bicycles, quad-rotators, aero-planes, ships and underwater vehicles have 

been various interesting forms of vehicle-like robots. Robot vehicle have been designed to 

adapt many kinds of environmental and geometry condition, and applications. They are 

designed to perform smartly in different ways by aids of many sensors, fine actuators and 

well developed control algorithms. 

 

In my thesis, a sphere shaped robot vehicle which drives by rolling omni-directionally its 

entire sphere body is developed and controlled its geo position on the earth. The GPS 

attached in robot controller receive the position of robot from nearby satellites. The digital 

compass sense the heading direction of robot. When user send a new geo position from 

computer through XBee wireless, the robot calculates for distance, different in angles and 

behavior for individual wheel moments inside the sphere. Their overall calculated moments 

result the CG (Center of Gravity) of robot to shift to direction of new geo position, thus the 

outer sphere will have to follow to its CG to keep in center, until the robot location meet with 

user commanded location. 

 

Keywords: omni-directional, controlled position 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Introduction 

 

A spherical robot is a kind of ball shaped robot which drives itself on the ground. The 

common design among most of the ground vehicle is that they compose of two major parts; 

the frictional material to be in touch with ground such as wheels or legs, and the propulsion 

mechanisms to drive those wheels or legs. Unlike other kind of vehicles, the spherical robot 

encloses everything of its propulsion mechanism inside the sphere. The looking of the robot 

or vehicle is nothing more than a simple sphere. 

 

Nowadays, many kinds of mobile robots are widely used for surveillance and even in 

planetary exploration. In mobile robot applications, a vehicle which can change its driving 

direction without needing to steer or turnaround is quite interesting. Spherical robot is one 

solution for omnidirectional diving and also interesting thing because all the mechanisms are 

protected from dust and water by the spherical wheel. By mean of its design, the robot is 

believed to be more robust then other kinds. Because of its efficient driving technology 

including the ability to change direction without turning around, it is useful in application of 

positioning the vehicle around the globe according to global positioning data. 

 

There are various approaches to mechanically design spherical robot. Even though designs 

of spherical robot vary significantly to each other, the common concept among most of the 

design is moving the center of gravity inside the sphere. The shifted center of gravity 

generates a torque to roll the sphere. By moving the center of gravity in controlled manner, 

the sphere can be able to roll in desire direction. 

 

1.2 Statement of the Problems 

 

A weakness of a spherical robot is difficulties in designing sensor integration with the robot. 

Unlike to other robot, the whole part of the container or outer shell itself is rotating and 

completely enclosing other entire part of the robot. Thus, make the spherical robot 

considerably difficult to mount the sensor on the container and also some kinds of sensors 

deal with image and pattern recognition are difficult to use inside the sphere. 

 

For the goal of this project, “Position Control of Spherical Robot”, a global positioning 

system (GPS) receiver is a reasonable choice. By mean of this, the robot can be able to locate 

its position for wide range and the locations are easy to define. 

 

Geometrically, shape of a sphere is perfectly symmetrical. It can freely rotate and also stable 

at all poses. Because of its completely symmetrical shape and stability at all post on the 

ground, the control system for this vehicle won’t be needed to add a balancing algorithm. 

Different methods of designing spherical robot possess different advantages, such as 

producing high torque in some models, producing high speed in some models and ability to 

travelling omnidirectional in some models. In this project, the design will focus for driving 

robot omnidirectional, to fulfill the purpose of the project. 
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1.3 Objective 

 

To develop a spherical shaped robot without adding any extra parts outside of the sphere 

which can be driven in any direction by rolling itself and can be localized on the ground by 

using GPS. The main task of the robot is to reach programmed location from any current 

location defined by GPS. 

 

1.4 Scope and Limitation of the Study 

 

1.4.1 Scope 

 

1. The robot will be able to drive in any directions from resting without turning. 

 

2. The robot will be driven by aid of Global Positioning System (GPS) but not 

by other kinds of sensors such as cameras or ultra-sonic sensors, to automate 

it. 

 

3. The finished robot will be more preferred to test outdoor, quite fair and clear 

area. 

 

1.4.2 Limitations of study 

 

1. The driving torque of the robot will be finite and it might able to resist just 

small enough terrains. 

 

2. The precision of positioning of robot on ground will be depend on accuracy 

of data available from GPS according to weather condition and hardware. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Prior Knowledge 

 

Self-driven spheres have been in interest for about 100 years. Earliest models were spring 

driven toys in the 1800s. Complex mechanisms allowing steering and then electric powered 

models were developed. Modern spherical robots under development today generally 

interfaced sensors, actuators, and computer control, yet propel themselves by variety of 

different principles. These principles of locomotion mostly fall into the following categories: 

 

 Hamster Ball 

 Pendulum Drive 

 Multiple Mass Shifting 

 Deformable Body 

 

2.2 Hamster Ball Mechanism 

 

Hamster ball mechanism sphere uses the inside driving unit (IDU), of which power from 

wheels rotation transfer to inner surface of the sphere. IDU mechanism can have various 

form such as car, sprung supported member or some kinds of vehicle as shown in Figure 2-

1.  
 

 
 

Figure 2.1: IDM in Hamster Ball Mechanism 

 

An example for spherical robot with hamster mechanism is developed from Aalto University 

called Rollo. The first version used the sprung supported member mechanism. The second 

version incorporate unique design that was combination of internal vehicle and sprung 

supported member mechanisms (see Figure 2-2). 

 

  

Internal Car   Sprung Central Member   

( a )   ( b )   
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Figure 2.2: Rollo prototypes 

 

2.3 Pendulum Drive Mechanism 

 

A spherical robot with pendulum drive mechanism has a main drive shaft fixed with sphere 

and geared or belted with a mass (pendulum) which is hanging from shaft. The pendulum 

itself is motor or driving mechanism and it apply torque between pendulum and driving shaft 

which results propelling the sphere forward. 

 

 
Figure 2.3: Pendulum Drive Mechanism 

 

Figure 2-3a shows a side view of the pendulum drive with the pendulum tilted up in front to 

propel the sphere forward. Figure 2-3b shows a front view of the same mechanism. This 

mechanism is not omnidirectional. After stopping, a spherical robot with this mechanism 

have to start driving only in the same instantaneous trajectory, then it can able to steer with 

a limited arc to change the direction. 

 

  

2 nd 
 Prototype  1 st 

 Prototype  

( a )   ( b )   

Side view with pendulum rotated up 

for driving forword 

Front view with pendulum tilted to 

the side to steer. Drive shaft is tilted 

as a result 

( a )   (b) 
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An example is the Groundbot from Rotundus company. It was original developed for space 

exploration. But now available in market for patrolling and monitoring purpose. This robot 

use pendulum drive mechanism with forward/backward motion and steering. 

 

 
 

Figure 2.4: Groundbot from Rotundus 

 

2.4 Multiple Mass Shifting 

 

The multiple mass shifting mechanism incorporates 3 or 4 masses that can be slide 

independently along their axis inside sphere. By sliding and locate the masses along their 

axis individually, the location of CG can be controlled as desire. Two configurations of the 

multiplemass-shifting mechanism are shown in Figure 2-5. 

 

 
 

Figure 2.5: Multiple Mass Shifting Mechanism 

 

 

 

 

  
Radial Design with retractable legs and 

camera 

Perpendicular non-intersecting 

design 

( b )   ( a )   
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2.5 Deformable Body 

 

This kind of robot deforms its sphere shape body to propel itself. Deformable body control 

its CG depend on where the sphere contact to ground. By continuous changing the shape, 

the robot rolls. A deformable sphere is developed by iRobot in conjunction with the 

University of Chicago.  Funded by the DARPA Chembots program, the iRobot Chembot is 

a soft, inflatable, silicone sphere that uses the principle of jamming to selectively control the 

rigidity of individual sectors of the sphere [1]. The hollow sphere is formed from triangular 

sections that are actually pouches of a fine powder [2]. 

 

 
Figure 2.6: Chembot deformable sphere 

 

2.6 Principle of Locomotion 

 

The gravitational force on the sphere can be assume to force, F which is pulling the CG 

(center of gravity) point downward. As in Figure 2-7a, when CG stay in center and the force 

vector pass through the bottom contact point of sphere, then torque on the sphere is zero. 

When CG is shifted horizontal distance, x, as shown in Figure 2-7b, the force create moment 

on sphere, and make it roll. 

 

  

Chembot in its inflated, spherical form  Left side of robot skin is jammed 

while right side expands 

( a )   ( b )   
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Figure 2.7: Gravity on sphere and its CG 

 

To perform the continuous rolling, the mechanism continuously shifting the CG of sphere to 

a direction. The moment is force, F multiplied by horizontal distance, x between the CG and 

bottom contact point of sphere. To obtain the largest moment from the driving unit, the 

distance x must be maximize. 

 

2.7 Torque 

 

There is limit how far the CG can be shifted and its effects on propulsion power. Consider 

the illustration in Figure 2-8. 

 

  

Center of mass directly above contact  

point 

Center of mass offset a horizontal 

distance, x, from contact point  

( ) a   

CM   

F   
( ) b   

x   
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Figure 2.8: Ratio of CG displacement to Radius (A) 0, (B) 1/3, (C) 1/2, (D) 2/3 

 

For illustration purpose, the mass of IDU is assumed evenly distributed over gray area in (a) 

– (d). In Figure 2-8a, entire volume inside sphere can be used since the CG is located at 

center of sphere. When CG is shifted R/3, the internal mass must be located in the bottom 

56% of the internal volume. When CG is shifted R/2, only bottom 34% is usable. And when 

CG is shifted 2R/3, only bottom 16% of whole volume can be used [3]. In practice, the 

maximum displacement of the center of mass of the sphere is close to 2R/3, with significant 

sacrifices in propulsion power [4]. The limit of how far CG can shifted translates into the 

limit of maximum continuous incline or highest obstacle that sphere can climb. The 

maximum slope is given by, 

𝜃 =  sin−1
𝑥

𝑅
 

 

And the highest step that the sphere can climb is given by, 

 

ℎ = 𝑅 −  √𝑅2 − 𝑥2 
 

) a (   ( b )   

( c )   ( d )   
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Figure 2.9: Mobility limits for a sphere CG displacement 
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CHAPTER 3 

METHODOLOGY 

 

3.1 Inside Driving Unit 

 

According to prior knowledge over spherical robots, different types of inside driving unit 

(IDU) were designed to drive the ball. For the objective of this thesis, the robot need to be 

able to move omni-directionally. The simplest method to drive the ball omni-directionally is 

the Hamster Mechanism because there is no rigid or no axis connection between outer sphere 

and inside driving unit. The inside driving unit can move freely to any direction inside the 

ball just like a real hamster. 

 

There are also many kinds of hamster mechanism to drive the sphere. A simple radio control 

car can also be hamster driving unit, but it is not possible to provide omni-directionally 

driving force. In this work, a three wheels holonomic vehicle will be designed to use as an 

inside driving unit as shown in Figure 3-1. 

 

 
 

Figure 3.1: SolidWorks model of Inside Driving Unit 

 

Including DC motors, wheels, frame, battery and electronic controllers, the inside driving 

unit weight about 4 kg. By inclining the plain mounting the motors, the design provide the 

CG point as near as possible to shell of the sphere, so that produce greater rolling moment. 

 

3.2 Robot Dynamic 

 

Dynamic model is considered to define some parameters to be known values, and to become 

efficient Inside Driving Unit. The acceleration of the whole sphere, velocity of the whole 

sphere and speed of each driving motor inside are considered here. Only with that designing, 

the nearest right choice of choosing materials such as wheels diameter, motor rpm and 

torque, sphere diameter and material, etc. 
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3.2.1 Acceleration 

 

The Inside Driving Unit of the robot is like a vehicle itself. But when it stay in sphere, it is 

not like driving the vehicle directly on the ground. When vehicle is driving on the ground, 

the acceleration is depend on how much the actuator accelerate. But in this spherical robot, 

the acceleration of actuator will only cause the vehicle to climb up along the inner arc of the 

sphere. The driving force of the whole sphere is happened by downward gravitational 

acceleration exerting on Inside Driving Unit when it is climbing up. So, the maximum 

available acceleration of the whole sphere is same to gravity 9.81 m/sec2. Even if the driving 

unit try to accelerate very fast exceeding gravitational acceleration, the gravity become not 

enough to pull it down fast and the driving unit will climb up to top of the ball ideally, where 

there is no rolling moment is generated. 

 

3.2.2 Inside Driving Unit Dynamic 

 

To keep driving the sphere continuously with maximum possible speed, the Driving Unit 

need to have equal acceleration with gravity which is 9.81 m/sec2. To lift up the Driving Unit 

which is resting at bottom to highest available point which is side of the sphere, the angular 

acceleration to lift up is assumed 45deg/sec2. Then, require tangential acceleration of the 

Driving Unit is: 

𝑇𝑎𝑛𝑔𝑒𝑛𝑡𝑖𝑎𝑙 𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = 45 ×
𝜋

180
× 𝑅𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑆𝑝ℎ𝑒𝑟𝑒 

Here, radius of sphere is 0.2 m. Then, 

Tangential Acceleration = 0.157 m/sec2 

Then overall acceleration that Driving Unit require is 9.81 + 0.157 = 9.967 m/sec2. 

 

 
 

Figure 3.2: IDU Dynamically Climbs in Sphere 
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When total mass of IDU is 4kg. The require force to drive IDU with above acceleration is 

 

𝐹 = 𝑚𝑎 = 4 × 9.967 = 40𝑁 
 

The Kornylak omni-wheels bought for IDU have radius of 0.025m. Then, torque required 

for motors is 

 

𝑇𝑜𝑟𝑞𝑢𝑒 = 𝐹 × 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 40 × 0.025 = 1𝑁𝑚 
 

 
Figure 3.3: Top view of IDU showing wheels in 120 degrees angle 

 

There are totally 3 omni-wheels in IDU 120 degrees angled to each other, which mean when 

the robot is driving toward a certain direction, not all 3 wheels will effective at the same 

time. Combining all sine and cosine vector function of each wheel which drives toward a 

point, maximum of only 1.41 wheel can be effective at the same time, which is about 50% 

of all the wheels. So the torque require for each of the motor is 
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𝑇𝑜𝑟𝑞𝑢𝑒 𝑜𝑓 𝐸𝑎𝑐ℎ 𝑀𝑜𝑡𝑜𝑟 =
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑇𝑜𝑟𝑞𝑢𝑒

1.41
=  

1𝑁𝑚

1.41
= 0.707𝑁𝑚 

 

The Diameter of the Sphere is 0.4m and the diameter of IDU wheels is 0.05m. The maximum 

speed that the spherical robot can travel is assumed to be 1.5 m/sec. Then RPM of motors is 

 

𝑀𝑜𝑡𝑜𝑟 𝑅𝑃𝑀 =
1.5 × 60

𝜋 × 0.05
= 573 𝑟𝑝𝑚 

 

3.3 Kinematic Model 

 

 The robot dimensions are 400mm for sphere, and Inside Driving Unit is triangular 

shape from top view which is fit in 230mm dummy circle. The IDU weight about 4kg and 

the sphere weight nearly 1kg. The IDU use three omnidirectional wheels driving differential 

speeds and directions to result travelling to a certain direction immediately and efficiently 

without even turning. 

 

 

Figure 3.4: IDU with Kinematic Model 

 

 

 

Word Frame X w 

 

Y w 

X r 

Y r 

θ 

Wheel 1 

Wheel 2 

Wheel 3 
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Three wheels driving unit model is the holonomic model with smallest numbers of wheels. 

Additional numbers of wheels can also perform higher performance in holonomic driving 

but three wheels is the minimum amount it needs. Some two wheels differential steering 

vehicles also perform like virtually holonomic robot but they can only called semi-

omnidirectional. 

 

In three wheels robot, before it comes to complex equations, only driving a pair of wheels at 

one time make the robot able to drive in 12 directions immediately. For driving to any 

direction within 360 degree accurately without needing to turn around, it needs some long 

process calculations through kinematic equations for each motor of robot. 

 

In figure 3-4, the frame of Xw and Yw is the world frame. A frame of Xr and Yr is the IDU 

frame fixed to IDU. The angles between axis of wheels and IDU frame Xr is always constant; 

60 degree for wheel 1, 180 degree for wheel 2 and 300 degrees for wheel 3. When the IDU 

rotate, angle form between new IDU frame and original world frame, which is θ. The relation 

between velocity on world frame and velocities of individual wheels are as follow. 

 

[

𝜔1

𝜔2

𝜔3

] =
1

𝑟
[

𝑣1

𝑣2

𝑣3

] =
1

𝑟
[

−sin (𝜃 + 60) cos (𝜃 + 60) 𝑅
−sin (𝜃 + 180) cos (𝜃 + 180) 𝑅
−sin (𝜃 + 300) cos (𝜃 + 300) 𝑅

] [

�̇�𝜔

�̇�𝜔

�̇�

] 

 

The above transformation and rotation matrix can be simplified to following so that it will 

be more flexible and convenient when varying parameters and gains in programming. 

 

For wheel 1, 

𝜔1  ∝   ∆𝑦𝑐𝑜𝑠(𝜃 + 60) − ∆𝑥𝑠𝑖𝑛(𝜃 + 60) + ∆𝜃 
For wheel 2, 

𝜔2  ∝   ∆𝑦𝑐𝑜𝑠(𝜃 + 180) − ∆𝑥𝑠𝑖𝑛(𝜃 + 180) + ∆𝜃 
For wheel 3, 

𝜔3  ∝   ∆𝑦𝑐𝑜𝑠(𝜃 + 300) − ∆𝑥𝑠𝑖𝑛(𝜃 + 300) + ∆𝜃 
 

3.4 Electronics Control Hardware 

 

For the full control of this spherical robot, Arduino Mega 2560 controller board with Atmel 

ATMega2560 is used. The system incorporates with u-blox Neo 6M GPS receiver, 

Honeywell HMC5883L 3-axis digital compass, a pair of DigiKey XBee Series 1, Toshiba 

TB6612FNG dual H-bridge MOSFET motor drivers for sensing and actuating. 
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Figure 3.5: Control System Mounting on the Robot 

 

User use the PC to send the target position to robot controller. Get any target position by 

pointing on google map and copy latitude and longitude and send to terminal. The data goes 

out from USB to XBee and transmit wirelessly. Another XBee from robot controller receive 

it and send back current position, target position, current heading, target heading and motor 

gains of robot. XBees use 2.4GHz frequency and configured as 4800 baud rate. 

 

 
 

Figure 3.6: XBee Data Communication 

 

While XBee are communicating with user PC, The controller is incorporating with many 

sensors and actuators to automate the robot. Figure 3-7 show the illustration of interacting 

of main controller, XBee, digital compass, GPS, motor drivers and motors. GPS module is 

interfaced with Arduino using UART communication 9600 baud rate. It receives the latitude 

and longitude of current position of robot with about 1 meter accuracy under fairly fine 

weather. When user send target position from PC through XBee, controller compare current 

position and target position. It calculate difference in x and y axis, direction in degree that 

robot need to head to. The digital compass sense the magnetic north so that the controller 

will also know where the robot is currently heading. Then, Arduino control direction and 

speed of 3 DC motor through motor driver TB6612FNG. 

Arduino 

XBee 

XBee 

Motor Drivers 

GPS 
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Figure 3.7: Illustration of Controller, Sensors and Actuators Interfacing 
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CHAPTER 4 

TRAJECTORY GENERATING AND CONTROLLING 

 

4.1 Software Implementation 

 

The controller is flashed with the program written in Arduino language. In this thesis, the 

Atmel Studio IDE is used to program developing and debugging. Since the Arduino boards 

are Atmel based microcontroller, Atmel Studio IDE can support full facilities of a real IDE 

when working with Arduino. Normally and originally, Atmel Studio support standard C, but 

not preinstall for Arduino’s easy-to-use functions. To take the advantages of both world, 

Arduino Compiler’s comfortable functions and Atmel Studio’s full feature facilities, an add-

on called Visual Micro is additionally installed to Atmel Studio. 

 

4.2 Trajectory 

 

The robot sense to current position and receive target position from user. The trajectory 

generated is always a straight line. Since the main challenging part is just to drive the sphere 

to desire position, the path is not planned as complex route but a straight line. Once power 

up, the robot start sensing its actual position and compare with target position. If there’s 

significant difference in latitude or longitude or both, the controller calculate the direction 

which robot should go. By comparing with the actual heading of robot, controller calculate 

again velocity of each wheel. 
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Figure 4.1: Flowchart of Robot Driving on Trajectory 
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CHAPTER 5 

EXPERIMENT AND RESULT 

 

5.1 Test Driving 

 

After implementing every hardware and programs, the robot is tested driving outside in the 

football field. Figure 5-1 shows 3 points on google map for experiment. 

 

 
 

Figure 5.1: Experiment points 

 

The coordinate values of the three experiment points in Figure 5-1 are 

 

Point 1  14.078900,100.609970 

Point 2  14.079854,100.609970 

Point 3  14.079470,100.609573 

 

Before experiment, the points are mark physically on the football field to see the target point 

where the robot is going. Points are marked by sticking papers on the target points as in 

Figure 5-2. 

 

Point 1 
Origin 

Point 2 

Point 3 
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Figure 5.2: Experiment Point Marking 
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Then robot is calibrated for its magnetic compass. A slight different from real direction about 

2 or 3 degrees make the robot driving direction error in about 2 or 3 meters after driving a 

hundred of meters. When robot is tested from point 1 to point 2, the driving direction is not 

a straight line, but the controller, driving and mechanism are driving in straight line. 2 or 3 

degrees error come from magnetic compass calibration cause robot driving straight to error 

direction. After error become large enough that controller can notice, the robot correct its 

direction again. 

 

 
(a) 



22 
 

 
(b) 
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(c) 



24 
 

 
(d) 
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(e) 
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(f) 

 

Figure 5.3: (A), (B), (C), (D), (E), (F), Driving from Point 1 to Point 2 
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Figure 5.4: Reach to Point 3 with accuracy about 0.5m 
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Figure 5.5: Reach to Point 1, original point with accuracy about 1.5m 

 

According to driving test within 3 experimental points, the results show the robot has 1.5 

meter accuracy of reaching to its target. This sphere can always hit its target position within 

1.5 meter range of maximum, mostly less than 1 meter. 

 

Again, the robot digital compass is calibrated. Then, another two experimental points with 

about 35 meter distance between them is selected. The two experimental points on the map 

are shown in figure 5-6. The location of two points are –  

 

Point 1  14.079484,100.609703 

Point 2  14.079218,100.609535 
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Figure 5.6: Experiment Points to Measure Path Error 

 

After calibrating the compass again, now the two new points are used to evaluate errors along 

the driving path. To evaluate errors from the straight line all along the driving path, two 

traffic cones are placed at experiment points. A straight line string is tied between two cones 

so that it is showing the ideal path between two points. The setup is shown in figure 5.7. 

 

Point 2 

Point 1 
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Figure 5.7: Setup for Driving Path Error Evaluation 

 

The command from PC is sent to drive the robot from point 1 to point 2. When robot driving 

from point 1 to point 2, the track that robot went along is followed and marked with white 

powder. The powder are placed about after every one meter the robot is travelled. Figure 5.8 

shows the white powder markings of robot path after driving. Errors can now be measure 

between ideal straight string line and powder marked points. 
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Figure 5.8: Marking Points of Robot Path 

 

According to measurement between straight line and marking points, the robot driving path 

has maximum error about 26 cm from straight line. This shows the robot has less error with 

very near to ideal straight line after calibrating the digital compass again. The error values 

are measured as following: 
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Distance Travelled (meter) Error (meter) 

1 0.1000 

2 0.1000 

3 0.1000 

4 0.1000 

5 0.1200 

6 0.1500 

7 0.2000 

8 0.2000 

9 0.2000 

10 0.2300 

11 0.2300 

12 0.2600 

13 0.2600 

14 0.2600 

15 0.2600 

16 0.2600 

17 0.2600 

18 0.2600 

19 0.2600 

20 0.2600 

21 0.2600 

22 0.2300 

23 0.2000 

24 0.2000 

25 0.1500 

26 0.1500 

27 0.0800 

28 0.0800 

29 0.1000 

30 0.1000 

31 0.1000 

32 0.1000 

33 0.1500 

34 0.1500 

35 0.1500 

 

Table 5.1: Measured Error Values 
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Figure 5.9: Error in Meter of Driving Path 

 

When the robot is driving on the lawn, its average speed is about 1 m/sec since the lawn have 

very large drag. When it drive on concrete or nylon road or other fewer drag surface. The 

speed increased to about 2 m/sec. 
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CHAPTER 6 

CONCLUSION AND RECOMMENDATION 

 

6.1 Conclusion 

 

Driving a sphere need a series of kinematics and dynamic processes. The acceleration for 

spherical robot with hamster mechanism is limited to gravitational acceleration. Sensor 

installation, framing are challenging since there is no stationary part in the whole robot body. 

The outer sphere itself is rolling so nothing can be mount on it. The Inside Driving Unit 

needs to drive inside the ball but not on a plane, so that it is tilting all the time along the 

tangential surface of the sphere. 

 

In this thesis, trajectory planning is not main focus but it does focus on reaching to target. It 

may not be best route, it is a straight (with some error), but it finally have to reach to goal. 

The important things are mechanism and kinematic model to make it dynamically stable 

while driving fully omni-directional. And to track the user command target position. 

 

6.2 Recommendation 

 

Today, spherical robot are still in development if compared to other kinds of well know 

vehicles. Developer are trying to perform it more stable and more intelligent. This thesis is 

my first develop model of spherical robot to be able to drive from a certain point to another 

point. To make it more improve, the robot stability may be increased by acquiring more 

precise direction data of digital compass. The torque of the driving sphere can also be 

improved by keeping the CG further from center of sphere. The wireless XBee module used 

in this robot are very limited in range, so that it would also be improved by using better 

wireless carrier and GUI controller. 
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APPENDIX 

 
/************************************************************************ 
 * SphericalRobot.ino 
 * 
 * Created: 3/23/2015 11:15:14 PM 
 * Author: Paing 
 ************************************************************************/ 
 
 
/// Headers ////////////////////////////////////////////////////////////// 
#include <Wire.h> 
#include "compass.h" 
#include <math.h> 
#include <TinyGPS++.h> 
////////////////////////////////////////////////////////////////////////// 
 
 
/// Constants Defining /////////////////////////////////////////////////// 
#define SCALE 2  // accel full-scale, should be 2, 4, or 8 
#define LSM303_MAG  0x1E  // Address, assuming SA0 grounded 
#define LSM303_ACC  0x18  // Address, assuming SA0 grounded 
#define X 0 
#define Y 1 
#define Z 2 
#define CTRL_REG1_A 0x20 
#define CTRL_REG2_A 0x21 
#define CTRL_REG3_A 0x22 
#define CTRL_REG4_A 0x23 
#define CTRL_REG5_A 0x24 
#define HP_FILTER_RESET_A 0x25 
#define REFERENCE_A 0x26 
#define STATUS_REG_A 0x27 
#define OUT_X_L_A 0x28 
#define OUT_X_H_A 0x29 
#define OUT_Y_L_A 0x2A 
#define OUT_Y_H_A 0x2B 
#define OUT_Z_L_A 0x2C 
#define OUT_Z_H_A 0x2D 
#define INT1_CFG_A 0x30 
#define INT1_SOURCE_A 0x31 
#define INT1_THS_A 0x32 
#define INT1_DURATION_A 0x33 
#define CRA_REG_M 0x00 
#define CRB_REG_M 0x01 
#define MR_REG_M 0x02 
#define OUT_X_H_M 0x03 
#define OUT_X_L_M 0x04 
#define OUT_Y_H_M 0x05 
#define OUT_Y_L_M 0x06 
#define OUT_Z_H_M 0x07 
#define OUT_Z_L_M 0x08 
#define SR_REG_M 0x09 
#define IRA_REG_M 0x0A 
#define IRB_REG_M 0x0B 
#define IRC_REG_M 0x0C 
static const uint32_t GPSBaud = 9600; 
////////////////////////////////////////////////////////////////////////// 
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/// Variables Declaration and Assignment ///////////////////////////////// 
char SystemStart = 0; 
char LineCount = 0; 
TinyGPSPlus gps; 
float CurrentLgn = 0; 
float CurrentLat = 0; 
float TargetLgn = 0; 
float TargetLat = 0; 
float DiffLgn = 0; 
float DiffLat = 0; 
float DiffX = 0; 
float DiffY = 0; 
float TargetAngle = 0; 
float Rotate = 0; 
float Velocity1 = 0; 
float Velocity2 = 0; 
float Velocity3 = 0; 
String InString = ""; 
char ThrowAway; 
////////////////////////////////////////////////////////////////////////// 
 
 
/// Initializing ///////////////////////////////////////////////////////// 
void setup() 
{ 
 pinMode(22,OUTPUT); // M1 Dir - 
 pinMode(23,OUTPUT); // M1 Dir + 
 pinMode(24,OUTPUT); // M2 Dir - 
 pinMode(25,OUTPUT); // M2 Dir + 
 pinMode(26,OUTPUT); // M3 Dir - 
 pinMode(27,OUTPUT); // M3 Dir + 
 pinMode(44,OUTPUT); // M1 PWM Speed 
 pinMode(45,OUTPUT); // M2 PWM Speed 
 pinMode(46,OUTPUT); // M3 PWM Speed 
 Serial.begin(4800); 
 Serial1.begin(GPSBaud); 
 Wire.begin(); 
 compass_x_offset = 122.17; 
 compass_y_offset = 230.08; 
 compass_z_offset = 389.85; 
 compass_x_gainError = 1.12; 
 compass_y_gainError = 1.13; 
 compass_z_gainError = 1.03; 
 while (SystemStart != 0x31) 
 { 
  if (Serial.available() > 0) 
  { 
   SystemStart = Serial.read(); 
   Serial.readStringUntil('\n'); 
  } 
 } 
 analogWrite(44,50); 
 analogWrite(45,50); 
 analogWrite(46,50); 
 digitalWrite(22,LOW); 
 digitalWrite(24,LOW); 
 digitalWrite(26,LOW); 
 digitalWrite(23,HIGH); 
 digitalWrite(25,HIGH); 
 digitalWrite(27,HIGH); 
 compass_init(2); 
 compass_debug = 1; 
 compass_offset_calibration(3); 
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 digitalWrite(23,LOW); 
 digitalWrite(25,LOW); 
 digitalWrite(27,LOW); 
} 
////////////////////////////////////////////////////////////////////////// 
 
 
/// Main Loop //////////////////////////////////////////////////////////// 
void loop() 
{ 
 uicom(); 
 gpsread(); 
 calibcompassread(); 
 motorcon(); 
} 
////////////////////////////////////////////////////////////////////////// 
 
 
////////////////////////////////////////////////////////////////////////// 
void uicom() 
{ 
 while (Serial.available() > 0) 
 { 
  int InChar = Serial.read(); 
  if (InChar == ',') 
  { 
   TargetLat = InString.toFloat(); 
   InString = ""; 
  } 
  else if (InChar == '\n') 
  { 
   TargetLgn = InString.toFloat(); 
   InString = ""; 
  } 
  else 
  { 
   InString += (char)InChar; 
  } 
 } 
 LineCount++; 
 if (LineCount == 11) 
 { 
 
 Serial.println("CurrentLocation\t\tTargetLocation\t\tCurrentHeading\tTargetHe
ading\tRotation\tVelocities"); 
  LineCount = 0; 
 } 
 Serial.print(CurrentLat,6); 
 Serial.print(","); 
 Serial.print(CurrentLgn,6); 
 Serial.print("\t"); 
 Serial.print(TargetLat,6); 
 Serial.print(","); 
 Serial.print(TargetLgn,6); 
 Serial.print("\t"); 
 Serial.print(round(bearing)); 
 Serial.print("\t\t"); 
 Serial.print(round(TargetAngle)); 
 Serial.print("\t\t"); 
 Serial.print(Rotate,2); 
 Serial.print("\t\t"); 
 Serial.print(Velocity1); 
 Serial.print("\t"); 
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 Serial.print(Velocity2); 
 Serial.print("\t"); 
 Serial.print(Velocity3); 
 Serial.print("\n"); 
} 
////////////////////////////////////////////////////////////////////////// 
 
 
////////////////////////////////////////////////////////////////////////// 
void calibcompassread() 
{ 
 compass_scalled_reading(); 
 compass_heading(); 
 bearing = 360 - bearing; 
} 
////////////////////////////////////////////////////////////////////////// 
 
 
////////////////////////////////////////////////////////////////////////// 
void gpsread() 
{ 
 while (Serial1.available() > 0) 
 { 
  if (gps.encode(Serial1.read())) 
  { 
   if (gps.location.isValid()) 
   { 
    CurrentLgn = gps.location.lng(); 
    CurrentLat = gps.location.lat(); 
   } 
   else 
   { 
    CurrentLgn = 0; 
    CurrentLat = 0; 
   } 
  } 
 } 
} 
////////////////////////////////////////////////////////////////////////// 
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////////////////////////////////////////////////////////////////////////// 
void motorcon() 
{ 
 DiffLgn = (TargetLgn - CurrentLgn)*1000000; 
 DiffLat = (TargetLat - CurrentLat)*1000000; 
  
 if (((int)CurrentLgn & (int)CurrentLat & (int)TargetLgn & (int)TargetLat) == 
0) 
 { 
  Velocity1 = 0; Velocity2 = 0; Velocity3 = 0; 
 } 
 else if ((abs(DiffLgn)+abs(DiffLat)) < 30) 
 { 
  Velocity1 = 0; Velocity2 = 0; Velocity3 = 0; 
 } 
 else 
 { 
  if (abs(DiffLgn) < abs(DiffLat)) 
  { 
   if (DiffLat == 0) 
   { 
    DiffX = 1; 
    DiffY = 0; 
   }  
   else 
   { 
    DiffX = (abs(DiffLgn))/(abs(DiffLat)); 
    DiffY = 1; 
   } 
  }  
  else 
  { 
   if (DiffLgn == 0) 
   { 
    DiffX = 0; 
    DiffY = 1; 
   }  
   else 
   { 
    DiffX = 1; 
    DiffY = (abs(DiffLat))/(abs(DiffLgn)); 
   } 
  } 
  if (DiffLgn < 0) 
  { 
   DiffX = DiffX * (-1); 
  } 
  if (DiffLat < 0) 
  { 
   DiffY = DiffY * (-1); 
  } 
   
  if (DiffLgn == 0) 
  { 
   if (DiffLat > 0) 
   { 
    TargetAngle = 90; 
   } 
   else if (DiffLat < 0) 
   { 
    TargetAngle = 270; 
   } 
  } 
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  else if (DiffLat == 0) 
  { 
   if (DiffLgn > 0) 
   { 
    TargetAngle = 0; 
   } 
   else if (DiffLgn < 0) 
   { 
    TargetAngle = 180; 
   } 
  } 
  else if (DiffLgn > 0) 
  { 
   if (DiffLat > 0) 
   { 
    TargetAngle = (atan2(abs(DiffLat),abs(DiffLgn)))*180/PI; 
   } 
   else if (DiffLat < 0) 
   { 
    TargetAngle = 
((atan2(abs(DiffLgn),abs(DiffLat)))*180/PI)+270; 
   } 
  } 
  else if (DiffLgn < 0) 
  { 
   if (DiffLat > 0) 
   { 
    TargetAngle = 
((atan2(abs(DiffLgn),abs(DiffLat)))*180/PI)+90; 
   } 
   else if (DiffLat < 0) 
   { 
    TargetAngle = 
((atan2(abs(DiffLat),abs(DiffLgn)))*180/PI)+180; 
   } 
  } 
   
  Rotate = TargetAngle-bearing; 
  if (Rotate > 180) 
  { 
   Rotate = Rotate-360; 
  } 
  else if (Rotate < -180) 
  { 
   Rotate = 360+Rotate; 
  } 
  Rotate = Rotate+60; 
   
  Velocity1 = (((DiffY*cos((bearing+60)*PI/180))-
(DiffX*sin((bearing+60)*PI/180)))*120)+(Rotate/6); 
  Velocity2 = (((DiffY*cos((bearing+180)*PI/180))-
(DiffX*sin((bearing+180)*PI/180)))*120)+(Rotate/6); 
  Velocity3 = (((DiffY*cos((bearing+300)*PI/180))-
(DiffX*sin((bearing+300)*PI/180)))*120)+(Rotate/6); 
 } 
  
 if (Velocity1 > 2) 
 { 
  digitalWrite(22,LOW); 
  digitalWrite(23,HIGH); 
 } 
 else if (Velocity1 < -2) 
 { 
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  digitalWrite(22,HIGH); 
  digitalWrite(23,LOW); 
 } 
 else 
 { 
  digitalWrite(22,LOW); 
  digitalWrite(23,LOW); 
 } 
 analogWrite(44,50+abs(Velocity1)); 
  
 if (Velocity2 > 2) 
 { 
  digitalWrite(24,LOW); 
  digitalWrite(25,HIGH); 
 } 
 else if (Velocity2 < -2) 
 { 
  digitalWrite(24,HIGH); 
  digitalWrite(25,LOW); 
 } 
 else 
 { 
  digitalWrite(24,LOW); 
  digitalWrite(25,LOW); 
 } 
 analogWrite(45,50+abs(Velocity2)); 
  
 if (Velocity3 > 2) 
 { 
  digitalWrite(26,LOW); 
  digitalWrite(27,HIGH); 
 } 
 else if (Velocity3 < -2) 
 { 
  digitalWrite(26,HIGH); 
  digitalWrite(27,LOW); 
 } 
 else 
 { 
  digitalWrite(26,LOW); 
  digitalWrite(27,LOW); 
 } 
 analogWrite(46,50+abs(Velocity3)); 
} 
////////////////////////////////////////////////////////////////////////// 
 

 


