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Abstract 

The aim of this project is to develop a motion control or interface between Rover 3 and a 
Computer. The presented report investigates how data is being sent and receives from Rover 3. 
This data enables the user to monitor the conditions of the mobile robot while it is in motion. It 
uses the Bluetooth Technology for communication and the Matlab software for the simulation as 
well as the user interface display. During the investigation has managed to accomplish the 
transmission part of the tasks while there is still improvement to be done for future use. 
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1 Introduction 

Rover 3 is a mobile robot that has been modified from Rover 1 and Rover 2 which is one of the 
continuing studied projects at the USP engineering department. The hardware compartment of 
the mobile robot is not the main focus of this project however; it aims to interface Rover 3 with a 
user using a computer, through wireless communication. 

1.1 Literature Review 

Uses of mobile robots in factories and households of some countries around the globe has been 
evolved from being controlled by a human, to automated guided machines, such as, robotic arms 
working on an under processing product or a vehicle transporting the end products in a 
manufacturing facility. This leap taken by the engineers in the past years has eliminated the use 
of a human as an element to control or drive a machine but as a user just interfacing with the 
robot by setting it to its task and ‘it’ will take care of the rest(Onwubolu et al, 2006). 

The Matlab (Matrix Laboratory) software was selected due to its wide variety of scientific and 
engineering calculations especially for automatic control and signal processing. Developed by 
Cleve Moler in the late 1970s and based on the original LINPACK and EISPACK FORTRAN 
libraries, it was initially used for factoring matrices and solving linear equations. Moler 
commercialized the product with two colleagues in 1984. It runs on Windows, Mac and a variety 
of Unix-based systems (The Computer Language Company Inc. , 1981-2011). 

The aim of the study is to communicate Rover 3 with a computer or controller. In achieving so, 
the type of drive must be known. The kinematic calculations of the robot can be investigated 
once the type of drive is known. Rover 3 uses a differential drive since it is driven by two 
wheels, which means that its angular velocity is controlled by the speeds of the two motors. 
Moreover, if a turn is to be made, the two wheels must have different speeds or rotating in 
different direction in some special cases.  

 

 

 

 

 

 

Figure 1 Overview of data communication between the computer and robot. 
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The broad design of the interfacing system has been illustrated in figure 1. The section inside the 
dashed frame is the main task. Both liner velocity (v) and angular velocity (ω) are very important 
when controlling a differential drive robot motion. 

 

2  Differential drive 

Locomotion is the process of causing an autonomous robot to move. That is, in order to produce 
motion, forces must be applied to the vehicle. 

Dynamics the other hand, study the motion in which these forces are modeled. This includes the 
energies and speeds associated with these motions. 

Kinematics is the study of the mathematics of motion without considering the forces that affect 
the motion. It deals with the geometric relationships that govern the system. It also deals with the 
relationship between control parameters and the behavior of a system in state space (Lima and 
Ribeiro, 2002). Provided below is an overview of a differential drive kinematics.  

 

 

 

Figure 2 Differential drive robot.  

Where  

• ICC - instantaneous curvature center 
• R - instantaneous curvature radius 
• L - 2 wheels separation 
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The general kinematic equations are given as. 

v(t) =  ω(t)R =  1
2
�vr(t) +  vl(t)�                                                               (1) 

ω(t) =  vr(t)− vl(t)
L

                                                                             (2) 

Rearranging the above equations we get the following equations. 

vl(t) =  v(t) −  Lω(t)
2

                                                                        (3) 

vr(t) =  v(t) + Lω(t)
2

                                                                        (4) 

Where 

• v(t) - linear velocity 
• ω(t) - angular velocity 
• vl(t) - left wheel linear velocity 
• vr(t) - right wheel linear velocity  

 

3 Communication 

The project was conducted with the aid of the multi-robot simulation Matlab code provided by 
the supervisor. This code was developed to simulate the three different shaped robots in a known 
and an unknown environment (Chand and Carnegie, 2011). Such robots were the tricycle, the 
circular and the rectangular. 

The interface between the robot and computer is linked via Bluetooth communication. This 
wireless technology enables communication between Bluetooth-compatible devices. It is used 
for short-range connections between desktop and laptop computers, PDAs (like the Palm Pilot or 
Handspring Visor), digital cameras, scanners, cellular phones, and printers (TechTerms, 2011). 

 

3.1 Transmitting and Receiving Data 

The data exchange was based on the technique of encapsulation and decapsulation of packets. 
The Packets switching was developed by Advanced Research Projects Agency (ARPA) for 
networking, to allow multiple users to send and receive information simultaneously over a 
communication path such as telephone lines (G C Onwubolu et al, 2006). 

The packet used in the research has a length of 22 bits. The 22 bits holds the information about 
the speed (RPM) and direction of the two wheels, as well as the sensors. This design was 
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develop in order for the robot to receive data on both wheels and feedback to the control at a 
specific time.  

The first 6 bits holds the speed of the left wheel. The 6 bit combination has a capacity up to 64 
units in decimal, is more than enough to store the maximum speed of the left motor is only 
50rpm. The 7th bit stores the direction of the left wheel. That is, if it is logic 1, then it should be 
in the forward direction and vice versa for logic 0. The next set of 6 bits holds the speed of the 
right wheel that is from bit 7 to bit 12, bit 13 holds the direction of the right wheel.  The rest of 
the remaining bits store the sensors information. 

It is due to one of the objectives of this study that, object avoidance is out of concern. The sensor 
data is only to indicate whether an object has detected or not, for instance, a logic 0 for zero 
detection and logic 1 if an object has detected by any of the sensors.  

 

                                                Right wheel direction              Left wheel direction 

 

                   8 sensors data                                  Right wheel speed                 Left wheel speed 

Figure 3 The 22 bits packet layout. 

 

3.2  Encapsulation  

Psend = ( S8x221 +  S7x220 + S6x219 +  S5x218 +  S4x217 + S3x216 +  S2x215 +  S1x214 ) + 

(DRx213) +(SR5x212+ SR4x211+ SR3x210+ SR2x29+ SR1x28+ SR0x27) + (DLx26) + SL                    (5) 

 

The packet is form from all the necessary information being added up. Where S8 to S1 stores the 
sensors data, DR is the right wheel direction, SR5 to SR0 is the speed of right wheel motor, DL is 
the left wheel direction and SL is the magnitude of speed for the left motor. 

Note that the right motor speed is firstly converted to binary to obtain a 6 bit number and store in 
such format (S5 - S0) before it is added to the packet. 

The packet is then converted to binary using the binary conversion command in Matlab. 

 

21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
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 3.3 Decapsulation  

The information is decoded using the provided formulae.  

 

S8 = �Preceive
221

�                                                                                              (7) 
  

Sn = �Preceive−( ∑  Sn)8
n

213+𝑛
�                                                                               (8) 

Equation 8 is the general equation for the seven other sensors while Equation 7 is for the eighth 
sensor (S8). 

STotal = ∑ Sn8
n=1                                                                                               (9) 

STotal represents the sum up data for the eight sensors. 

 

DR = �Preceive−STotal
213

�                                                                               (10) 

 

   𝑆𝑅5 = �Preceive−STotal−DR
212

�                                                                         (11) 

𝑆𝑅4 = �Preceive−STotal−DR−𝑆𝑅5
211

�                                                                  (12) 

𝑆𝑅3 = �Preceive−STotal−DR−(𝑆𝑅5+𝑆𝑅4)
210

�                                                         (13) 

𝑆𝑅2 = �Preceive−STotal−DR−(𝑆𝑅5+𝑆𝑅4+𝑆𝑅3)
29

�                                                  (14) 

𝑆𝑅1 = �Preceive−STotal−DR−(𝑆𝑅5+𝑆𝑅4+𝑆𝑅3+𝑆𝑅2)
28

�                                           (15) 

𝑆𝑅0 = �Preceive−STotal−DR−(𝑆𝑅5+𝑆𝑅4+𝑆𝑅3+𝑆𝑅2+𝑆𝑅1)
27

�                                    (16) 

Note that SR5 to SR0 forms a 6 bit binary which can be converted to decimal to get the right motor 
speed magnitude. 

𝑆𝑅 𝑡𝑜𝑡𝑎𝑙 = ( 𝑆𝑅5 + 𝑆𝑅4 + 𝑆𝑅3 + 𝑆𝑅2 + 𝑆𝑅1 + 𝑆𝑅0)                                       (17) 
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SR total represents the total data for the right motor speed. 

 

DL = �Preceive−STotal−DR− SR total
26

�                                                          (18) 

 

SL = (Preceive − STotal −  DR − SR total − DL)                                   (19) 

 

If-else statements are used to round any decimal numerals obtained from these equations.  

 

 

4 Results 

 

4.1 Rover 3 Parameters  

Maximum linear velocity = .628ms-1 

Maximum angular velocity = 5π/3 rads/s 

Dimension = (.701x.698) m 

Wheel separation (L) =.503m 

Radius of the wheels=.12m 

 

The vehicle has 8 sensors in total. The safety margin between any sensor and obstacle was set to 
be 1.5m. The sensor data will remain 0 unless the distance is less than .5m then it returns a logic 
1. This will indicate to the operator that a barrier has detected.  
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4.2 Design Overview  

The design was tested on transmitting and receiving data between the computer and the cell 
phone. The phone was a Sony Ericsson model W980 and it has a virtual serial port. It was set up 
as the Rover 3 where it can accept binary data and stores it. The data can also be read from it. 
Therefore, the motion of the robot in simulation is send to and receive from the cell phone. The 
data is then monitored on the computer. 

 

Figure 4 Overview of the communication.  

 

The computer displays the motion of the robot in its environment as well as the data. It can be 
displayed using the graphical user interface (GUI) function in Matlab.  

Right &Left RPM 
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Figure 5 GUI for Rover 3 with known environment. 

 

Figure 5 shows Rover 3 at an instant where it passes by an obstacle that has exceeded the .5m 
limit of the sensors. Such information including the speeds is summed up in the following figure 
which is also the control graphical user interface. The velocities are displayed on the bottom with 
the transmitting data on the left and the receiving data on the right. The sensors conditions are 
being displayed on the right had side in column form.   

 

Figure 6 The Control GUI. 

The display indicates that the linear velocity send was .2417ms-1 and the receiving value is 
.2262ms-1. The angular velocity send was -.1803rad/s and receiving -.1999rad/s. The sensors S3 
and S5 had detected an obstacle therefore returning a logic 1.  
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5  Discussions  

The results has depicted that any data can be encoded in a packet form for communication. In 
this manner, it is simple to combine all the necessary information and convert it into bits of 
various sizes. This has an advance in wireless communication. 

The target values for velocity were slightly different from the feedback values due to noise 
during the transmission process.  

The study illustrated how the importance of both the angular and linear velocities in vehicle 
robots. These two quantities drive the two motored vehicle. The linear velocity controls the 
forward and backward motion while the angular velocity had the steering control. A motion 
control device can be designed once these values can be determined. 

The sensor feedback was added so that the user knows that an obstacle is close to the robot and 
he/she has to take action. The action should be decreasing linear velocity to 0ms-1 to stop the 
moving vehicle or turn it to a safe direction by decreasing or increasing the angular velocity. The 
safety of robot depends on the control. 

6  Recommendation  

Now that the information about v and ω are known to be transferrable, future tasks for the project 
would be developing an accelerator and steering control on the Graphical User Interface. It can 
be represented by slide bars where the other for varying v and the other for varying ω. This 
allows the user to drive Rover 3 instead of obstacle avoidance which has already developed in 
the Multi-robot simulation code by Dr Praneel and Carnegie. Such design would no longer need 
Rover 3 to trace the white line as previous versions of the robot, but to follow the commands 
send by the user. 
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7 Conclusion 

In conclusion, this project has a broad design of how a user interface for Rover 3, or any other 
robot can be developed. Thus by allowing data transfer such as linear and angular velocities as 
well as object detection via Bluetooth. This is helpful in the field of robotics. It can be used to 
test mobile robotic projects before a real life test can be conducted to prevent it from damaging 
and can result in reducing the overall cost.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



EE300 2011                                                                                                                                    Tupuivao Jr. Vaiaso  

17 | P a g e  
 

 

8 References  

Chand, P. and Carnegie, D.A. (2011) ‘Development of a navigation system for heterogeneous                    
mobile robots’, Int. J. Intelligent Systems Technologies and Applications, Vol. 10, No. 3, pp.250-  
278. 

G C Onwubolu, I Jannif, M Tazil, and A Sing (2006) ‘Mobile robotic platform controller with an 
effective data communication protocol’, Proc. IMechE Part B: J. Engineering Manufacture, Vol. 
220, pp.1175-1188.    

Lima P. and Ribeiro M. Isabel, (2002) Kinematics Models Of Mobile Robots [pdf] Available at: 
<https://honnunx.googlecode.com/files/Kinematics.pdf>[ Accessed 27 September 2011].  

TechTerms.com, (2011).The Tech Terms Computer Dictionary [online] Available at: 
http://www.techterms.com/definition/bluetooth [Accessed 21 November 2011]. 

The Computer Language Company Inc. , (1981-2011). PC Magazine [online] Available at: 
<http://www.pcmag.com/encyclopedia_term/0,2542,t=MATLAB&i=46630,00.asp>[Accessed 
27 November 2011 ]. 

 

 

http://www.techterms.com/definition/bluetooth
http://www.computerlanguage.com/zd.html
http://www.pcmag.com/encyclopedia_term/0,2542,t=MATLAB&i=46630,00.asp

