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ABSTRACT 
This report describes the development of a robot that follows a transmitter within a 
chosen distance using ultrasonic technology. The purpose of the report is to investigate 
how the chosen distance affects the robots ability to react to changes in speed and 
direction. 

Two ultrasonic modules are placed on the robot and a third one is used as a transmitter. 
The transmitter sends out a burst of ultrasonic sound that the modules on the robot 
detect. Each of the two modules on the robot calculates the distance to the transmitter 
and this data is then used to determine the transmitter’s position. To allow a 
communication between the robot and the transmitter, they will be connected with a 
long wire. This is needed for the ultrasonic modules on the robot to start listening for a 
signal at the same time as the transmitter emits it. Two Arduino Unos are used to control 
the different components (one for the transmitter and one for the robot). 

This report describes the development process of the robot prototype and explains the 
theory behind the project. The results showed a relationship between the chosen 
distance and the robots performance. 
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SAMMANFATTNING 
Den här rapporten beskriver utvecklandet av en robot som följer en sändare inom ett 
givet avstånd. Syftet med rapporten är att undersöka hur det valda avståndet påverkar 
robotens förmåga att reagera på förändringar i hastighet och riktning. 

Två ultraljudsmoduler är placerade på roboten och en tredje används som sändare. 
Sändaren skickar ut en puls med ultraljud som sedan upptäcks av mottagarna på 
roboten. Båda modulerna på roboten räknar ut avståndet till sändaren och den 
informationen används sedan för att bestämma sändarens position. För att sändaren 
och roboten ska kunna kommunisera med varandra kopplas de ihop med en lång sladd. 
Detta behövs för att ultraljudsmodulerna på roboten ska börja lyssna efter en signal 
samtidigt som sändaren sänder ut den. Två Arduino Uno används för att styra de olika 
komponenterna, en för sändaren och en för roboten.  

Den här rapporten beskriver utvecklingsprocessen av prototyproboten och förklarar 
teorin bakom projektet. Resultatet visar att det finns ett samband mellan det valda 
avståndet och robotens prestanda. 
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NOMENCLATURE 
In this chapter the different abbreviations used in this report is described. 

Abbreviations 

DC Direct Current 

IR Infra-Red 

n.d. No date available on source 

PID Proportional Integral Derivative 

PWM Pulse Width Modulation 
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1 INTRODUCTION 

This chapter describes the background, purpose and method for the project.  

1.1 Background 

More and more things in our daily life are being automated. Soon autonomous cars will 
be a just as common sight as coffee shops in the streets. The aim with this project is to 
see if it’s possible to implement the same principles on a smaller scale. The main idea 
was to make something that could follow you around in order to help you carry things. 
For this, the robot should only follow its owner, and not just anything that moves. Hence 
the robot will follow a transmitter carried by the owner. 
 
To find a starting point for the project, several similar projects are researched. One of 
them is an autonomous companion robot supposed to follow a person, built by Radu 
Motisan. He considered a number of different solutions for making his robot follow its 
user. Most of them were using ultrasonic technology in different ways. The basic idea in 
all of them was putting ultrasonic sensors on the robot that in some way would be 
programmed to look for an ultrasonic beacon carried by the person the robot was 
supposed to follow. The first solution he tried was putting two ultrasonic sensors at the 
front of the robot with some distance between them and a 15° angle (see figure 1).  
 

 
Figure 1: Motisans robot with ultrasonic sensors at the front [Motisan, Radu. 2013] 

 

Because of the distance between the sensors, the robot was able to determine where the 
signal was coming from using differentials readings. Since this configuration only allows 
the robot to see signals coming from the front, Motisan later added an extra sensor at 
the back and on each side of the robot, [Motisan, Radu. 2013]. 

1.2 Purpose 

This project will investigate the possibility of creating a tracking robot that follows a 
transmitter using ultrasonic technology. The robot should stay within a chosen distance 
from the transmitter. When the transmitter starts to move faster the robot should 
increase its velocity, but it is allowed to fall behind if the transmitter is moving in a pace 
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that is faster than what the robot can keep up with. Should the transmitter stop moving, 
the robot should slow down and stop at the chosen distance from the sensor. The 
purpose is to determine how the robots ability to keep the distance and make sharp 
turns is affected by which distance it is supposed to keep.  

1.3 Scope 

The robot will only be built for use indoors on flat surfaces. The robot does not need to 
handle large obstacles such as stairs and thresholds but should be able to turn around 
small things. It will not be able to drive close to walls. The robot only needs to be able to 
track a signal that comes from a place in front of the robot, i.e. the robot should not have 
to find the signal, only follow it. The transmitter will have to be within a 30° angle 
[Cytron Technologies, 2013] of the sensors on the robot for it to be noticed, see figure 2.  

 

Figure 2: Field of view of the robot 

The figure above shows the ultrasonic modules as seen from above the robot and the 
modules are represented as squares. The field of view angle is the same when looking at 
the robot from the side. The field of view is represented by the blue cones. There’s a 
triangular blind spot between the two sensors. The two sensors will be placed with a 
distance of 15 cm between them. This will cause the closest distance it can detect to be 
28 cm when the transmitter is placed directly in front of it. The target distance should 
therefore be larger than that if it should be able to stop in the correct place. Two meters 
is the largest distance that it will be able to keep away from the transmitter without 
losing contact with it. 

The robot made in this project will only be able to drive forward, meaning that if the 
transmitter comes too close the robot will slow down and eventually stop instead of 
reversing. 

These limitations have been chosen because they will make the project more 
manageable while it is still possible to answer the research question. 
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1.4 Method 

To meet the purpose described in chapter 1.2 a working prototype will be built. A three-
wheeled robot base will be used as shown in figure 3.  

 

Figure 3: Three-wheeled robot base, [Hobby King, n.d.] 

The robot base is equipped with two DC motors with a max motor voltage of 6V and a 
stall current of approximately 1 A. They will be driven by four AA batteries.  

In order for the robot to know where it is supposed to go three ultrasonic modules of the 
brand hc-sr04 will be used. One of them will act as a transmitter and the other two will 
act as sensors. The two sensors and the transmitter will both respectively be controlled 
by an Arduino Uno. For motor control the DRV8833 Dual Motor Driver Carrier from 
Pololu will be used. More information about these parts can be found in the theory 
chapter. 

The testing will be done by setting up a course that the robot is supposed to follow and 
drive through it with the different target distances. The target distances that will be 
tested are 30, 40, 50, 60 and 70 cm. The course is shown in figure 4.  

 

Figure 4: Schematic figure of the course 

 

The dots in the figure above represent small obstacles that the robot should turn around 
without bumping into and thus dislocating them. The obstacles are placed at different 
distances from each other to test both sharp and wider turns. The distances were chosen 
arbitrarily. After passing all the obstacles the robot should make a U-turn and drive 
through the course again.  
 
To test how well the robot keeps the distance, the robot will be driven on a straight line 
and the person holding the transmitter will start to walk faster and then stop. The robot 
will then be evaluated by the distance to the sensor when it has stopped completely. 
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2   THEORY 

This chapter describes the theory behind the project and the different components used in 
it. 

2.1 Ultrasonic modules 

Ultrasonic modules will be used for the tracking process. The reason this technology was 
chosen is because they have a suitable range for this project and a decent field of view 
angle. Other technologies that were considered, such as lasers and infra-red, has a 
smaller field of view angle and would therefore be less suited for the task, [Génération 
ROBOTS, n.d.]. 
   
The ultrasonic modules detect the distance to an object by sending out a short burst of 
ultrasonic sound and then listen for the echo of it. By measuring the time it takes for the 
sound to return to the sensor the module can determine how far away an object is. This 
project uses modules from the HC-SR04 series (shown in figure 5). 

 
Figure 5: HC-SR04 ultrasonic modules, [Cytron Technologies, 2013] 

 

The left “eye” on each module works as a speaker and sends out the signal and the other 
one works as a microphone that listens for the return signal. Each module has four pins; 
one for ground, one for voltage, one for the trigger input and one for the echo output of 
the sensor. The module starts a measurement when the trigger pin receives a 5V pulse 
for at least 10s. The sensor then sends out a cycle of eight 40 kHz ultrasonic bursts and 
wait for any reflections to come back. When an ultrasonic burst is received back the 
echo pin is set to 5V and delays it for a period proportional to the distance the burst 
have travelled [Cytron Technologies, 2013]. The distance to the object in front of the 
sensor can thus be calculated from the echo signal utilizing the speed of sound (340 
m/s) [Havtun, Hans. 2012]. 
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The modules can detect objects in a range of 2 to 400 cm and each “eye” have an 
effectual field of view angle of roughly 30°. For additional information on the modules, 
see the data sheet by Cytron Technologies in the references.  
 
To enable the robot to know where it’s supposed to go, two of these modules will be 
placed on the robot. They will work as sensors, detecting the ultrasonic bursts from a 
third module that the robot is supposed to follow. The modules only listen for a signal 
after they have sent out a burst of ultrasonic sound. Because of this, the speaker parts of 
the modules on robot need to be covered up. Otherwise the modules that are supposed 
to act like sensors will mix up the echo from the sound they send out themselves with 
the signal they’re supposed to follow.  
 
If the two sensors on the robot are placed with a fixed distance between them, each 
sensor will have a different distance to the transmitter presuming it’s not straight in 
front of them. It will therefore be able to know which way it should turn. In figure 6 a 
schematic illustration of the distance measuring is shown. With help of this it is possible 
to determine the direction of the signal. 
 

  
Figure 6: Determining direction with ultrasonic modules, [Yang, Chuan-Hao. 2005] 

 
The distance between the receivers on the robot and the transmitter are D1 and D2.The 
distance D* is the distance from the transmitter to the centre of the robot. To decide the 
speed and direction the robot needs to drive in, the distance D* and the angle γ needs to 
be calculated. These values will be used as the input for the controller,  D* will control 
the base PWM signal to the motors and γ will control the distribution between the 
motors to make the robot turn in the right direction.  
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 The distance D* can be calculated using the law of cosines: 
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The ultrasonic sensors only listen after they have sent out a burst of ultrasonic sound. 
Thus, the transmitter needs to send while the sensors are listening. To make them start 
at the same time the two Arduinos will be connected to each other with a long wire. 

2.2 Control Algorithm 

To make the robot follow the transmitter it will use a PID controller. A block diagram of 
a standard PID controller is shown in figure 7. 

 
Figure 7: Block diagram of PID controller 

 

Using a PID controller will make robot follow the transmitter more accurately. State 
space control could also have been used but this would require more measurements. 
While it could provide a better controller, the system in this project is too simple for it to 
make any big difference to the end result. The control can be divided into two parts, one 
for controlling the base speed of the robot and one for the turning speed. 
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The proportional part of the controller works by multiplying the error e   with a 
constant

PK . For the base speed the error can be calculated as   
*( )e t D r        (5) 

 
where r is the reference value, in this case the fixed distance that the robot will keep. 
The proportional part makes the system more responsive with a higher rise time. The 
drawback is that a proportional controller is never able to eliminate disturbance, so in 
order to reduce the steady state error an integral part I is added.  

0

( )

t

I e d           (6) 

The integral part multiplies the integral of e(t) with a constant KI. If KI and KP are too 
large they can cause the system to overshoot or make the system oscillate, to prevent 
this a derivative part D can be added.  

( )
d

D e t
dt

        (7) 

 
With a derivative part the system will also be more responsive to rapid changes, [Glad 
and Ljung, 2006]. The equation for the controller will thus be 
 

( ) P I Du t K e K I K D           (8) 

 
The constants KP, KD and KI will be determined through testing. The chosen values are 
presented in the results section. 
 
To control the turning of the robot the same type of controller will be used with γ as the 
error since it wants to go in a straight line in relation to the transmitter.  In order for the 
robot to be able to turn while at max speed, the PWM calculated will be added to one of 
the motors and removed from the other. Since the motors can’t go faster than their max 
speed, the robot will not turn as sharply at this speed. This is however something that is 
desired since turning too sharply at high speed could result in the robot loosing track of 
the transmitter 

 

2.3 Motor control 

Two DC motors will be used to drive the robot. In order for the robot to turn correctly 
and maintain the correct speed, these motors need to be controlled. The motors also 
need to be powered with enough current. The max current that can be drawn from an 
Arduino pin is 40 mA [King, Terry. 2015] and since the motors will need up to 1 A, an 
external power source is needed. In this project a Dual Motor Driver Carrier (DRV8833 
from Pololu, shown in figure 8) will be used. This can be connected to an external power 
source, in this case a pack of AA batteries, and that power will be distributed directly to 
the motors without having to go via the Arduino. 
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Figure 8: Dual Motor Driver Carrier with size comparison, [Pololu, 2012] 

The operating voltage is 2.7 to 10.8 V which is suitable for the motors used in this 
project (which has a max voltage of 6 V) and the max current it can supply is 1.2 A. 
Besides allowing more power to the motors, the module also works as an H-Bridge. 
This enables the motors to both go forward and reverse when needed. A schematic 
illustration of an H-Bridge is shown in figure 9. 

 
Figure 9: Schematic illustration of an H-bridge, [Tantos, Andras. 2011] 

The M in the figure is the motor, the D are diodes called catch diodes and the Q are 
switching elements which allows current to pass through them when turned on. The 
switching elements are usually transistors of some kind. If Q1 and Q4 are turned on, 
current will flow through the motor and make it spin in one direction. If Q3 and Q2 are 
turned on instead, the motor will be energized in the opposite direction, causing it to 
rotate the other way. All of the switching elements can be turned on and off 
independently from each other, but should Q1 and Q2 or Q3 and Q4 be switched on 
together they will create a low resistance path between the power and ground and 
thereby short-circuit the power supply. The catch diodes are there because in a real life 
circuit, it is impossible for the transistors to be switched on and off at exactly the same 
time. Without the catch diodes there’s therefore a risk of short-circuiting the supply 
when changing motor direction, [Tantos, Andras. 2011].  
 
Since the Arduino only can send out a signal of high (5V) or low (0V), Pulse-Width 
Modulation (PWM) will be used to control the speed of the motor. PWM is a way to use 
digital control to control an analogue device. By setting the signal to high and low at 
different intervals any analogue value between the two can be encoded. The percentage 
of the high period during the cycle is called the duty cycle, figure 10 illustrates this. 
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Figure 10: PWM duty cycles 

 

If the cycle period is short relative to the response time of the motor, the motor will see 
a signal with a 50% duty cycle as a voltage of 2.5 V, [Barr, Michael. 2001].  
 
The default PWM frequency on the Arudino is 500 Hz. However, in this project a PWM 
frequency of at least 20 kHz has to be used for the motors. This is partly to avoid the 
noise that will occur at lower frequencies but a higher frequency will also improve the 
accuracy of the system. Before the duty cycle of the PWM signal can be changed, an 
entire cycle needs to have finished. The higher the frequency, the faster the cycle and the 
robot will therefore be able to react to changes faster when using a higher frequency. 
However, it is also important that the frequency isn’t set too high, since that may over 
heat the motors, [QEEwiki, n.d.]. In this project a PWM frequency of 31 kHz will be used. 
 
There is one remaining problem with DC motors and that is that no motors are precisely 
identical and motors often tend to run faster in one direction than the other. This will 
cause a robot where each wheel is driven by one motor to swerve in the direction of the 
slower motor and thus be unable to drive in a straight line. To make up for this you need 
to know the exact speed of the motors. The best way to solve the problem is by using 
encoders. Encoders come with either one or two sensors. With one sensor they are able 
to measure speed and the distance that the motor has rotated but they are not able to 
determine the direction that the motor is spinning in, to do this two sensors are needed, 
[Let’s Make Robots, 2013]. In this project however, encoders will not be used. Exact 
precision is not the most important part of this project. Drastic differences in speed 
between the motors can be corrected to some extent by testing to add or remove PWM 
from one of the motors and choosing the one that gives the best result. And since the 
robot will constantly alter its position in relation to the transmitter the need for the 
motors to run at exactly the same speed can be overlooked.   
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3 DEMONSTRATOR 

This chapter describes the development process of the demonstrator as well as the final 
result.  

3.1 Problem formulation 

The problems that need to be solved are: 
1. To make the receivers start listening when the transmitter starts sending   
2. Making the ultrasonic sensors detect where the transmitter is 
3. Controlling the motors of the robot to make it follow the input from the sensors 

3.2 Software 

For control of the ultrasonic sensors open source code from NewPing (2013) is used. 
The reason this software is used instead of the original Arduino software for ultrasonic 
modules is that NewPing is developed with the use of multiple modules in mind. To keep 
the ultrasonic sensors from picking up signals that have bounced from walls, a max 
distance of 200 cm is used. Any signal that gives a distance larger than that will be 
eliminated. 
 
The communication between the two Arduinos works by the transmitter setting one 
Arduino pin to high and then sending an ultrasonic burst. A flow chart for the 
transmitter is shown in figure 11. 

 
Figure 11: Flowchart for the transmitter 

 

The pin is connected with wire to a pin on the other Arduino and when that pin detects a 
high, one of the sensors on the robot sends out a burst and thus starts listening.  
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Since the two sensors on the robot are unable to start listening simultaneously, one 
sensor measures the distance and the resulting PWM is calculated and after that the 
same thing is done using the other. The calculations done are described in the theory 
chapter and a flow chart for the robot can be found in appendix A.  
 
To get the right PWM frequency from the Arduino, the divisors on timer 1 and timer 2 
are changed in order to increase the frequency [Arduino, n.d.]. See the source for more 
information on this.  

3.3 Electronics 

To test whether it is possible for the ultrasonic sensors to determine direction in the 
way that is described in chapter 2.1, the system shown in figure 12 is set up.  
 

 
Figure 12: Test for ultrasonic modules 

In this test all of the modules are connected to one Arduino, however that will not be the 
case in the final prototype. The two sensing modules are connected to each other in 
order for them to start the listening process at the same time. To stop them from 
sending out signals, their transmitting part is covered with cardboard. The module 
acting as a transmitter in the test sends out a signal received by the sensing modules. 
The data from these are then sent to the computer via the Arduino and compared 
manually. The results show a relation between the position of the transmitter and the 
received data, but the data is far from perfect. This is probably because of the fact that 
the sensors only have a range of 30° and will therefore have problems detecting the 
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signals if they come from the wrong angle. However, this is will be less of a problem 
when the distance between the sensors and the transmitter is greater. 
 
In the final prototype the ultrasonic modules are connected as shown above in figure 11, 
but without the transmitting ultrasonic module. 
The motor driver is connected as shown in figure 13. 
 

 
Figure 13: Minimal wiring diagram for connecting a microcontroller to a DRV8833 dual motor driver 

carrier, [Pololu, 2012] 

When testing the motors the left motor turned out to be a bit faster than the right one. 
To make up for this, the base PWM for the right motor is raised by 2,7. This number was 
chosen by testing to make the robot drive forward using a few different PWM increases 
on the right motor. 
 
To power the two Arduinos rechargeable NI-MH battery packs with a maximum voltage 
of 9V are used. The final setup for the transmitter is shown in figure 14. 
 

 
Figure 14: Setup for the transmitter 

Since the echo is not of interest in the transmitter, the echo pin is not connected.  
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3.4 Hardware 

The wire that connects the two Arduinos goes between pin two and ground on each 
Arduino. To keep the wire from getting pulled out from the robot it is attached to the 
robot base and directed with a wire holder as shown in figure 15. 
 

 
Figure 15: Holder for the wire and ultrasonic sensors 

 

The ultrasonic modules on the robot are placed in a laser printed holder of wood to keep 
them at the same height and to keep the distance between them constant. The speakers 
on the modules are covered with the same wooden material on the other side of the 
holder. 

3.5 Results 

Through the process described in this report a robot that tracks an ultrasonic beacon 
has successfully been built. When testing different constants for the PID regulator we 
started with P regulation.  Large P-values causes the system to overshoot. The addition 
of an I-part makes the system less responsive, even when using small constants 
(KI=0.05). This causes the robot to keep driving forward when it is supposed to stop 
when added to the control of the translation speed and causes the robot to turn for too 
long when added to the control of the steering speed.  Adding a D-part does not 
compensate enough for the flaws caused by the I-part. When using a PD-regulator the 
responsiveness is increased in comparison with the tests in which only a P-regulator is 
used. The chosen constants are presented in the table 1 below. 
 

Table 1: chosen PID constants 
 KP KI KD 

Translation speed control 3 0 3 

Steering speed control 8 0 4 

 
The reason why the Kp value for the steering speed is so much higher than the one for 
the translation speed is because the error in the distance has the ability of being much 
greater than the error in angle. Thus, the steering speed value needs to be higher for it to 
be big enough to impact the translation speed. The reason why the difference between 
KP and KD is greater in the steering control is because there are constantly small 
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variations in angle when a person is holding the sensor and it is not suitable for the 
robot to react to all of these. 
 
When testing how well it manages to stop at the correct distance after driving in full 
speed, the results shown in table 2 are obtained. 
 

Table 2: Distance keeping after stopping 
Wanted 
distance 

Test 1 Test 2 Test 3 Test 4 Average Percentage 

fault 

30 cm 38 cm 33 cm 38 cm 37 cm 36.5 cm 21% 

40 cm 42 cm 42 cm 45 cm 48 cm 44.3 cm 11% 

50 cm 52 cm 50 cm 50 cm 53 cm 51.3 cm 0,3% 

60 cm 63 cm 67 cm 59 cm 63 cm 63 cm 0,5% 

 
A distance of 70 cm is also tested but with that distance the robot becomes too hard to 
control to perform the test properly. To see how the chosen distance affects the robot’s 
turning ability the robot drove through the course presented in figure 4 in the method 
chapter. The results from this test are presented in table 3. 
 

Table 3: Turning test results 
Fixed distance Result 

30 cm No obstacles displaced. 
40 cm No obstacles displaced. 
50 cm Obstacle nr.4 displaced on the way back. Harder to turn. 
60 cm Obstacle nr.2 displaced on the way to the U-turn. Missed the turn between obstacle 

3 and 2 on the way back. 
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4 DISCUSSION AND CONCLUSIONS 

In this chapter the results presented in the previous chapter are concluded and discussed. 
The conclusions are based on the received result and aim to answer the research question 
presented in the introduction chapter.   

4.1 Discussion 

The robot had trouble with keeping the distance to the target at normal walking speed, 
this is probably because the motors are too weak and the robot is a bit heavy.  If the 
target slows down the robot’s ability to keep the distance improves. Because of this, the 
results we have gotten regarding the distance keeping could be different if stronger 
motors were used.  
 
When the target distance is increased the maneuverability becomes worse. The robot 
will make wider turns and if the robot loses track of the transmitter in a turn it is harder 
to make it follow its target again than it is when the target distance is shorter.  You have 
to be further away from the robot for it to be able to start moving and if the robot is 
close to a wall there may not be enough room in front of it. This might be less of a 
problem if the robot is able to reverse.  
 
As of now the robot reacts to changes in direction instantly, and will therefore not 
necessarily take the same road as the person carrying the transmitter. Because of this, 
the robot risks turning too early to avoid an object when the target distance is large.  
 
The robot always stopped too early in the stopping test, this is because the motors stops 
moving at a slightly higher PWM than the PWM it will have at its target distance. This 
could be fixed by increasing the PWM value that the robot will have at the target 
distance. The downside of increasing the PWM at the target distance is that it will not 
always stand still at that value. The speed of the motors is affected by their power 
supply and because of this the same PWM signal can give different speeds. The I-part of 
the PID regulator could in theory also be able to fix the problem of the robot stopping 
too early, since the I-part decreases the steady state error. But since we found the error 
to be quite small and since the addition of an I-part only added to the error in our tests, 
we decided to keep using a PD-regulator.  

4.2 Conclusions 

It is possible to create a tracking robot that follows a transmitter using the ultrasonic 
technology described in this report. The robot increases and decreases its speed in 
relation to the transmitter and always tries to keep the target distance. The robot has a 
slow max speed which causes it to fall behind, but this can be solved with stronger 
motors. 

When the robot is supposed to be used in environments where there are many obstacles 
it needs to avoid, the robot should be programmed to stay close to the transmitter. For 
the robot made in this project, the preferred target distance would be 30 cm. However, if 
it is more important that the robot stops at a correct distance from the transmitter it is 
better to use a slightly larger target distance. The percentage fault when stopping will be 
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much larger for 30 cm than for example 40 or 50 cm. From the tests conducted in this 
project, 50 cm provided the most reliable results. If both of these aspects are of 
importance a target distance of 40 cm is to prefer. With this distance the distance 
keeping when stopping is better than it is at 30 cm and the manoeuvrability is better 
than it is at 50 cm. 
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5 RECOMMENDATIONS AND FUTURE WORK 

This chapter gives recommendations for more detailed solutions and future work . 

5.1 Recommendations 

Instead of the ultrasonic modules used in this project, where each module both emits 
and receives ultrasonic sound, special made modules that only listen or send out could 
be used. This would erase the problem of having to cover up the speaker part of the 
modules on the robot and would thereby give you more control of the system.  
 
In this project the transmitter and the robot is connected with a long wire to allow 
communication between the two. This connection could be replaced with wireless 
communication via IR. Bluetooth was considered for the task in this project but the 
communication between the two Bluetooth modules was too slow to successfully sync 
up the transmitter with the robot. There’s also no fixed speed for the Bluetooth 
communication, resulting in that it is not possible to calculate the time the 
communication takes. Since IR communication is much faster and always travels at the 
speed of light, it should be a suitable solution for making the communication wireless. 
There are also available projects that are using Xbee for wireless communication, so that 
is probably a working option as well. 
 
The robot built in this project has sensors that are directed straight ahead of the robot. 
This means that if a person is holding the sensor they need to hold it quite low for the 
robot to be able to see it. This could be prevented by tilting the sensors slightly upward. 
To improve the robot’s field of view ten additional sensors could be added around the 
robot. Since each sensor has a total field of view angle of 30 °, a 360 ° field of view 
around the robot could be achieved. This would make it less likely for the robot to lose 
track of the transmitter and a better manoeuvrability could thus be achieved. 

5.2 Future work 

The basic idea for this project was to make a following robot that could carry things for 
its master. We believe that the best solution if you want to implement this idea in the 
real world it would be to use RFID instead of ultrasonic since it would only follow the 
RFID tag with the matching name. This would be practical in situations where many 
identical robots would be used. With ultrasonic, the robot wouldn’t know which of the 
transmitters that belongs to its master and so problems could occur. With RFID there 
would also be no need for a battery in the transmitter and no additional wireless 
technology would be needed. The problem with rfid is that the tag that you carry will be 
powered with induction from the modules that would be placed on the robot. In order 
for this to be possible over a long range (2m) the modules would be big and expensive 
and would not fit our robot or our budget.  

To improve the steering of the robot, the algorithm could be modified to take the place 
where the target turns into account. Instead of turning directly, the robot would wait 
until it is in the same place where the target started turning. This could be done using 
encoders. 
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APPENDIX A: FLOW CHART FOR THE ROBOT 

This appendix contains the complete flow chart for the robot 

On the next page in this appendix contains the flow chart for the robot. The calculations 
done are explained in the theory chapter of the report. The x is a variable used to switch 
between the left and the right sensor and β is the angle between the robot and the 
transmitter, presented in figure 6 in the theory chapter. The β values 2.51 and 0.63 were 
chosen as restrictions because they were the widest angles that could be achieved that 
still gave reliable results.  
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