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Sammanfattning 
Med trådlösa signaler är det möjligt att skicka all olika sorters data genom ett kommunikationssystem. 

Många företag idag har problem att implementera trådlös kommunikation på grund av stora ytor och 

hinder som blockerar de trådlösa signalerna. Senaste utgåvan av mesh nätverk standard som har 

huvudsyfte att erbjuda ett nätverk över en stor yta. Toyota Material Handling Europe (TMHE) som 

utvecklar och producerar truckar är ett företag som vill använda denna nätverks topology för att ta nästa 

steg i utvecklingen av kommunikation.  

 

TMHE utvecklar ett nytt kommunikationssystem mellan deras truckar och deras mål är att bli oberoende 

av Wi-Fi och statiska nätverkspunkter i en industri. De siktar på att fastställa en kommunikation via 

Bluetooth och skapa ett mesh nätverk mellan truckarna. Detta kommunikationssystem kan skapa många 

nya möjligheter för nya funktioner som kan göra det dagliga arbetet lättare. 

 

Problemet med att hinder och störningar är fortfarande ett problem och TMHE skapade detta 

examensarbete för att undersöka om Bluetooths mesh nätverk är lämplig för de olika miljöerna som 

existerar i en industri. Detta examensarbete undersöker arkitekturerna i ett Bluetooth mesh nätverk och 

olika strukturer av nätverket och testar hur detta står sig i en industri med många olika miljöer. 

  



 

Abstract 
With wireless signals, it is possible to send all kind of data through a communication system. Many 

companies today having problems implementing wireless communication system because of big areas 

and many obstacles that blocks the wireless signals. Recent releases of mesh network standards that has 

the main objective to provide a network over a large area. Toyota Material Handling Europe (TMHE) 

that develops and produce trucks is one company that wants to use this new network topology to get to 

the next level of communication.  

 

TMHE is developing a new communication system between their trucks and the goal is to be 

independent of Wi-Fi and fixed structures in an industry. The aim is to establish communication through 

Bluetooth and create a mesh network between the trucks at a site. This kind of communication can 

create many new possibilities for new features, which can make the daily work easier.  

 

The problem with obstacles and interferences is still a problem and TMHE created a thesis to research 

Bluetooth mesh networks to see if this kind of implementation is suitable for the environments that 

exists in an industry. This thesis research the architecture of a Bluetooth mesh network and different 

setups of a network and tests how it stands in an industry with many different surrounding.  
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1. Introduction 

This thesis is an assignment from Toyota Material Handling Europe (TMHE), which is a company 

that develops, builds and sells different kinds of trucks used in an industrial environment [1]. One 

of the newest developing ideas in the next generation of trucks is to develop a communication 

system between trucks and humans without fixed hardware in the factory. The objective is; to create 

a dynamic mesh network between the trucks with wireless signals.  

 

A wireless communication system has been hard to implement in industries because of the harsh 

environment and all the movements that can interfere with wireless signals. Nowadays, new 

features in the wireless world have emerged to enhance the quality of communication systems. 

 

This thesis was the third part in a chain of studies done about challenges and improvement of 

wireless communication systems at TMHE in Mjölby. The first thesis pointed out some challenges 

of wireless communication systems and showed that Wi-Fi, ZigBee and Vehicle-to-everything 

(V2X) could not measure up to the demands expected in an industrial environment [2]. The second 

thesis focused on Bluetooth Low Energy (LE) mesh network and showed that this kind of network 

increases the reception and coverage in tough warehouse environments when comparing the mesh 

network and a broadcasting star topology [3]. 

 

TMHE decided to take the above-mentioned study even further and look at a Bluetooth LE mesh 

network in the whole factory to get closer to the goal of a wireless communication system between 

the trucks.  

1.1. Thesis Objective 

The objective of this thesis is to help TMHE to evaluate how a mesh network and wireless signals 

behave in different areas of the factory. The differences among environments in different 

departments of a factory make it difficult to foresee, how the wireless signals will behave and where 

the connection will be good. This thesis will give a better understanding of how wireless signals 

and a mesh network behave in the different environments at TMHE.  
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1.2. Problem Formulation 

The topic of this thesis is a follow up from an earlier thesis based on wireless communication via 

Bluetooth LE mesh network in an industrial environment. The earlier thesis studied how to 

implement a mesh network on moving trucks in a warehouse and evaluated how big the difference 

was in coverage between a star topology and a mesh network topology [3].  

 

This thesis aims at making some similar tests in some in the other departments of TMHE in Mjölby 

and reviewing how much the coverage differs between a star topology and a mesh network. The 

main goal is to evaluate if it is possible to implement a mesh network in all different conditions that 

exist in this factory.  

 

The difference between this study and the earlier thesis [3] is that in this study the tests are not 

limited to just one department. This thesis shows the coverage difference between the mesh and the 

star topology in a larger area, with different environments and in separated rooms.  

 

The preliminary problems are: 

● Does the environment in TMHE Mjölby’s departments affect a Bluetooth LE mesh 

network? 

● Compare the advantages and disadvantages of a Bluetooth LE star and mesh topology. 

1.3. Method and Material 

In this thesis, the same hardware as the previous thesis [3] is used because TMHE already had the 

hardware available and to make it possible for TMHE to compare the two projects. The hardware 

is a Blue Gecko Bluetooth development kit made of Silicon Labs (EFR32BG13) [4] which was 

powered by batteries. Silicon Labs also have their own software program called Simplicity Studio 

used to flash the software programs onto the Bluetooth boards [5].  

 

These boards were used as different nodes in a mesh network and were placed around the factory 

to create a network and measure how good coverage it was in different areas. The experiment in 

this thesis used two trucks to have one moving node in the network. 

 

In this thesis, there was version 4 of Simplicity Studio available and the Bluetooth board had 

Bluetooth 5 LE. For the rest of the thesis, Bluetooth will be the focus for wireless signals. 
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1.4. Outline 

Chapter 1 tells the objective of the thesis together with limitations and a small explanation about 

what the project will contain. The following chapter tells background about wireless signals and 

Bluetooth. Chapter 3 explains some of the problems with wireless signals and some opportunities 

for new features with wireless signals. In chapter 4, an explanation about Bluetooth’s new mesh 

network topology and its architecture following with chapter 5 that tells how to configure a mesh 

network in a practice. Chapter 6 and 7 explains all the measurements done in this thesis and the 

result it gave. The last two chapters have a discussion of the results and some follow up questions 

to take this project to the next level.   

Chapter 1. Introduction 
Chapter 2. Theory Bluetooth Wireless signals 
Chapter 3. Wireless Communication in Industrial Environment 
Chapter 4. Bluetooth LE Mesh 
Chapter 5. Practical Configuration of Blue Gecko Development Board 
Chapter 6. Measurement, Range and Environment Test 
Chapter 7. Mesh network VS Star topology 
Chapter 8. Discussion 
Chapter 9. Conclusion and Future Questions 
References 

 

1.5. Limitations 

Due to the time limitation of the project to four departments of TMHE Mjölby’s factory been tested. 

These four departments have the most unique environment and are most different from each other. 

The departments are the lab, the assembly hall, the welding department, and the warehouse.  

 

The number of nodes was limited to nine nodes, which offers a suitable network for the thesis 

purpose. In addition, selecting nine nodes saves a considerable amount of time for recharging the 

batteries of the hardware and it creates a big network that can reach to the different departments 

that we want to research. 

 

To evaluate if TMHE’s goal to create a mesh network as a communication system between trucks 

is possible, it is important to consider latency and different configuration features etc. The 

experiments in this thesis will only consider the coverage of the network. 
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2. Theory Bluetooth Wireless signals 

The usage of wireless signals started for a long time ago with radio and television systems to help 

with the communication. Nowadays, the wireless world has grown and is implemented almost 

everywhere. With radio signals, Wi-Fi, Bluetooth etc. all kind of data can be transferred everywhere 

in the world. It is possible to use all these systems in different ways and implementations scenarios 

to create an optimal communication.  

2.1. Bluetooth History 

Five companies formed the Bluetooth Special Interest Group (SIG) in 1998 and the name Bluetooth 

was created. One year later the first Bluetooth 1.0 specification was released and since then 

Bluetooth made more and more exclusive and better solutions to make the wireless world faster and 

more advanced. At the year 2000, was the release of the first mobile phone with Bluetooth 

implemented and it is still today an obvious feature of today’s smartphones [6].  

 

Between 1999 when the release of Bluetooth 1.0 was announced, and today's Bluetooth 5.0 has 

three topologies been created. Bluetooth 1.0 used point-to-point topology and next topology on the 

market was a broadcast system with a star topology. The latest topology release was at the year 

2017, which was the mesh network topology [6].  

 

The preference over the use of the point-to-point-, star- or mesh-topology that is used in a Bluetooth 

device depends on a few different aspects. The biggest aspect of which topology to use is how many 

devices that are needed for the set-up. A more detailed explanation of these three topologies in the 

next subsections with examples of setups who use each topology.  

2.1.1. Point-to-point Topology 

Point-to-point is a network topology built for communication between two devices; usually called 

one-to-one or (1:1) communication [7] see Figure 1. Common usage with point-to-point topology 

is to connect a smartphone or computer to speakers, headsets or hands-free connection to a car. In 

this type of topology, one device sends commands such as play, pause, increase or decrease the 

volume and the receiving device performs the task. 

 

 

 
Figure 1 Point-to-Point topology  
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2.1.2. Star Topology 

Another type of Bluetooth topology is the star topology which is a communication model that has 

one device that can be connected and send data to several other devices at the same time. This is 

called one-to-many or (1:m) [7] see Figure 2. A common star topology is a Wi-Fi router that exists 

in almost any home or workplace today. An example with Bluetooth is a smartphone or computer 

that connects to several speakers at the same time to get a surround system.  

 

This topology can also be turned around to a many-to-one (m:1) communication where several 

devices are connected to one device. An example of many-to-one is a wireless computer mouse and 

keyboard connected to the same USB port in a computer through Bluetooth communication. 

 

 

 

 
Figure 2 Star topology 
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2.1.3. Mesh Network Topology 

The newest network topology of Bluetooth is the mesh network. Mesh networks are suitable for 

control, monitoring and automation systems. It is also a good option when trying to create a 

connection over a very large area. This topology is called many-to-many or (m:m) communication 

[7] see Figure 3.  

 

A mesh network works such that when a device in the network receives a message it retransmits 

the same message to all the other devices in the network that it can reach and then those devices do 

the same. This led to a much bigger coverage than a point-to-point or star topology.  

 

When a device is close to several other devices, it can receive the message from all those devices. 

If a connection breaks between two nodes, the message can still reach the desired destination by 

using another route. When all nodes reach more than one other node, this kind of network does not 

have any single point of failure [7]. 

 
Figure 3 Example of a mesh topology setup with redundancy 
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3. Wireless Communication in Industrial Environment 

This chapter will describe some theoretical possibilities of new features possible to create with 

wireless signals and mesh networks. It will also discuss some of the demands important to consider 

for those features to work properly and explanations of existing problems with wireless signals in 

the industry today. 

3.1. Background Wireless Signals 

It is important to understand how a wireless signal behaves in different environments. Wireless 

signals get different reflections in different materials, exactly like sound get suppressed going 

through different kind of materials. In an industry, many different materials exist and in [8] there is 

an explanation of how different materials affect wireless signals. Glass and cardboard are some of 

the materials that a signal easily get through. Liquid, metal and a concrete wall are some of the 

materials that are very tough for wireless signals. The human body contains mostly liquid and is 

therefore tough for wireless signals. 

 

Other things that can interfere with a wireless signal are devices that use the same frequency band 

as Bluetooth. Bluetooth uses the regular radio frequency band at 2.4GHz and has a 12cm 

wavelength, which is the same frequency band as many other common devices such as microwave 

ovens and cell phones [8]. Wi-Fi also uses the same frequency and to avoid the interference with 

all these common devices, Bluetooth has implemented a feature called Adaptive Frequency 

Hopping (AFH). AFH give the Bluetooth module a possibility to adapt to the environment and 

change its frequency band to a frequency between 2.4GHz and 2.48GHz. The Bluetooth module 

chooses a frequency with the least interference to make the system work as good as possible [9]. 

3.2. Problems with Wireless Signals in an Industry 

Industrial buildings are not like another, which makes it hard to build up a wireless network that 

can work in all environments in one factory. At TMHE in Mjölby, the departments are very 

different. TMHE have everything from a big and almost empty area with metal walls and metal roof 

to a department with tight space and a lot of moving trucks and people.  

 

These different environments make it hard to get a good coverage in the factory with a wireless 

network. Even if some high-performance antennas are placed in positions that create a good 

coverage, an industry often changes and eventually some part of the factory will be rebuilt, or a new 

warehouse will be placed in the coverage direction of the antenna and the coverage will most likely 

be reduced and the antennas must be moved.  

 

The fixed environment is not the only thing that matters for the coverage in a network. In an industry 

there is also much traffic from moving trucks, the signal can be good at one time and later become 

bad at the same place because of a truck that gets in the way of the signal. Another kind of 

environmental change is that a warehouse can be empty one day, which creates a good coverage. 

Next day it can be full and block the signals, which lead to reduced coverage. 



Page | 8 
 

3.3. Opportunities with Wireless Signals and Mesh 

Communication 

The main goal for TMHE is to implement Bluetooth LE on their trucks and create a dynamic mesh 

network. The aim is to be independent to Wi-Fi and customer’s networks when communicating 

with the trucks. With communication system between the trucks opportunities for new features 

opens. Some examples of these features are provided in following subsections. 

3.3.1. Positioning Systems 

With a wireless signal, it is possible with the help of the signal strength; roughly see how far away 

the device is. If a mesh network is used and the device is connected to more than one node at the 

same time, it is possible to triangulate the signal. This leads to a better positioning system and 

creates the possibility to track down a truck. The positioning system cannot tell an exact position, 

but it could help the user to track the truck to a smaller area and tell in which department it is.  

3.3.2. Remote Control 

If all trucks are in a mesh network, it will be easy to communicate with them. One possibility of a 

new feature is to control a truck through a remote control even if the user is not in the range for a 

point-to-point connection. This makes it possible to tell an automatic truck to drive to a 

predetermined service location or change the route to an alternative one.  

 

Another possibility is to do software updates on a truck without connection to a customer’s network 

or Wi-Fi. If all trucks are connected, it is also easy to talk to the drivers and send out messages to 

them.  

3.3.3. Avoid Cables 

Instead of having long cables in the trucks lifting system that look different from one truck to 

another, there is a possibility to avoid that by using Bluetooth instead. When the driver of the truck 

wants to adjust the forks in some direction, a Bluetooth signal can tell the engines to do so. To make 

the system safer, a small mesh network between the engines that control each fork movement can 

improve the reliability in case some connection breaks.  

3.3.4. Fault Systems 

All smartphones already have Bluetooth implemented today. If the trucks also used Bluetooth it 

could directly send fault codes to the user’s phone if something goes wrong. For example, TMHE 

has some automatic trucks and if they stop for any reason, they can send a fault code of why they 

stopped to the user. In addition, with mesh, it is possible to get the fault codes even if the user is 

not close to the truck.  
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3.4. Demands   

The opportunities mentioned in subsection 3.3 are all theoretically possible to implement, but it is 

not sure that they work well in a practical situation. Some demands need to be prefilled to make 

these features work properly. Two important demands are 1) latency and 2) coverage and reliability, 

when evaluating if a new feature is possible to be implemented. This section will explain these two 

important aspects. 

3.4.1. Latency 

The latency is the delay in a wireless network. How long time it takes to transfer the data from the 

transmitting node to the desired receiving node. The more data that transfers and the longer transfer 

distance it is the longer gets the latency.  

 

The latency is very important to know, and it varies from one system to another. Some applications 

lose their functionality if the latency is too long. The previously mentioned feature about controlling 

the forks with wireless signals is one example of a feature that loses its functionality when the 

latency is too long. If the signal for one command takes longer time than the human response time, 

the system will be too slow to work with. If it is slow, the use of cables is better than a wireless 

implementation.  

3.4.2. Coverage and Reliability 

The reliability of the communication system needs to be high for some of the features to work. If 

the user wants to control a truck through remote control to change the route, the signal needs to 

get through. A low coverage and reliability create a problem if the user does not know if the 

signal gets through or not. This way the user can think the truck is driving one route but instead it 

drives another because the truck did not receive the new command.  

 

Another feature that loses its functionality is the feature with the forks. If the reliability is low and 

the signal has a hard time to reach its destination, it will take extra time adjusting the forks 

because the driver needs to do the process more than once.   



Page | 10 
 

4. Bluetooth LE Mesh 

Mesh network is the newest network topology and has grown to be a popular setup for many 

companies today. Companies use mesh to build smart offices and individuals use it to make smart 

homes. With the help of mesh networking, many industries can work much more with wireless 

communication. Wireless communication was almost impossible before because of the big areas 

and much disturbance. In industries, there is now an opportunity to go to the next level with wireless 

communications which will help to collect and send data through the whole factory in a fast and 

simple way.  

 

Subsection 4.1 will explain the architecture of a Bluetooth LE mesh network and explain some 

different ways to implement it to get an optimal mesh network. Later, subsection 4.2 will mention 

an alternative mesh configuration to Bluetooth LE and a small comparison between these 

alternatives.  

4.1. Bluetooth LE Mesh Architecture 

In the point-to-point and star topologies, the architecture is already set, the only thing the user can 

do is to add or take away nodes. With a mesh network, there is an opportunity to build the network 

to suit the place the network will implement at and what purpose the network has. To make the 

most optimal mesh network, it is important to understand the available features and the architecture 

behind it.  

4.1.1. Nodes and Bearers 

There are both bearers and nodes in a Bluetooth LE mesh network. The bearer is the communication 

system between the nodes. Bluetooth LE mesh uses two different bearers that are described here.  

1. Advertising bearer is scanning for new messages to receive when a message is received it 

transmits the message to all the nodes it can reach [10]. 

2. GATT bearer can receive and transmit the same as advertising bearer but also communicate 

with for example a smartphone that does not support advertising bearer [10].  

 

Four different types of nodes exist in a Bluetooth LE mesh network and they have different duties 

that is shown in Figure 4. Following list explains the different nodes. 

1. Proxy node is the only node that uses GATT bearer and is therefore the only type of node 

that the outside world can connect to [10]. 

2. Relay node is searching for new messages to receive and then broadcast the message over 

advertising bearer to make a larger network [10]. 

3. Low Power Node (LPN) has a low power feature that means that it sleeps until it wants to 

receive the message [10]. 

4. Friend node works with the LPN and stores all the messages the LPN miss when it sleeps. 

When the LPN wakes up and wants all the data, the friend node transmits everything it has 

saved [10]. 
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Figure 4 Example of nodes in a mesh network 
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4.1.2. Message Transfer 

When implementing a mesh network there is an opportunity to choose how to transfer the messages 

through the network. In this subsection, a few different transferring methods are explained.  

 

Conventional routing 
Conventional routing sends the data through a selected path, the one who implement the system 

choose which nodes the message should go through to reach the desired destination. Figure 5 

provides an example of conventional routing.  

 

 

Figure 5 Conventional routing 

 

Conventional routing is a good implementation to get shorter latency and the implementer always 

know where the signal transfers. The bad part of this implementation is that this system can lead 

to a single point of failure. Single point of failure means that if one transfer fails, the whole system 

fails [10] [11]. Figure 6 shows an example of when the first transfer from the user breaks which 

lead to a situation where none of the lamps gets their turn on signal.  
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Figure 6 Single point of failure 

 

 

Flooding 
The definition of flooding is when a node receives a message it transmits the message to all nodes 

it can reach as in Figure 7. This approach means that one node can receive the same message more 

than once and then transmit it more than once. Flooding makes a safe system with high reliability 

because it does not have any single point of failure, but it gets longer latency because it sends the 

messages more than once [10] [11].  

 

 
Figure 7 Flooding 
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Managed flooding 

The meaning of manage flooding is to optimize the flooding system by implementing some 

different features that can help to shorten down the latency and make the network faster [10] [11]. 

Message caching  

One feature of manage flooding is message caching. Message caching saves the latest message the 

node received in a cache memory and if the node receives the same message again it doesn´t 

transmit it once more. This way the nodes send the message once and the latency get shorter [10] 

[11]. Figure 8 shows how a flooding system with message caching can look like.  

 

Figure 8 Managed flooding: Message caching 
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Time-To-Live (TTL)  

Another manage flooding feature is a counter called Time-to-Live (TTL). With TTL, the 

implementer chooses how many hops the message should relay when the counter reaches zero the 

message is not relayed anymore [10] [11] see Figure 9. 

 

Figure 9 Managed flooding: Time-to-Live 
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Subnets 

When a network is big, it is suitable to create subnets of the network as a way of managed flooding. 

Example of this is when the same network is over a whole building. Then it is suitable to create 

subnets on each floor and then another subnet in each room. This way when turning the light on in 

one room the message goes only to the correct floor subnet and then the subnet that is implemented 

in that room [10] [11]. An example of subnets is shown in Figure 10. 

 

 

 

Figure 10 Managed flooding: Subnets 

 

 

Relay nodes 

As mentioned before, the relay node just relays a message. Although the other kinds of nodes have 

other duties, they can also have the relay feature. In flooding, all the nodes have the relay feature 

but in managed flooding, it is good to turn off the relay feature at those nodes that do not need to 

relay any messages. Fewer relay nodes give shorter latency [10] [11].  
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4.1.2.1. Silicon Lab Latency Test 

To get a better understanding of how much difference there is between a flooding and manage 

flooding system. Silicon Labs did a latency test, where they checked how long time it takes to send 

a message through the network and compared with the human response time at 200ms.  

The test contained 240 nodes and a 10ms transmit delay. In the first test, they used flooding, which 

means that all 240 nodes relayed the message. In the second test, they used managed flooding and 

turned off the relay function at 200 nodes. The second test they had 40 of the 240 nodes in the 

network that relayed the messages [12]. 

The result they got was that 10.21% of all messages took longer time than 200ms to transfer through 

the network when they used flooding and when they reduced the number of relay nodes to 40 it 

reduced to 1.44% of the messages that took longer than 200ms. This shows that the latency reduced 

with around 9 percentages points when using manage flooding in this experiment [12]. 

 

4.1.3. Provisioning Process 

A provisioner is, for example, a smartphone, a description that is more precise is that a provisioner 

is a device that can add and remove another device to the mesh network. To add a new device to 

the network that device needs to go through a process called provisioning.  

The provisioning process consists of these five steps to make the network secure.  

Step 1: the unprovisioned device indicates that it is available for the provisioner.  

Step 2: the provisioner sends an invitation through an available bearer. When they got contact, the 

new device sends over information on what kind of device it is.  

Step 3: public keys exchange between the provisioner and the new device. The keys describe which 

network the new device is going to be in and what kind of device it is.  

Step 4: a cryptographic exchange, the new device sends out a random number that need to be entered 

in the provisioner.  

Step 5 a session key generates and with that session key, there is a secure distribution of the data. 

After these five steps, the devices have the connection and can communicate with each other [10]. 
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4.1.4. Security System in Bluetooth LE Mesh 

Many security systems are needed to create a secure network. This subsection will describe security 

keys and other fundamentals that exist in a Bluetooth LE mesh network [13]. 

 

Separation of Concerns, Security keys and Area Isolation 

There are some different security keys in a mesh network. Every node has the network key 

(NetKey) that indicate which network the device belongs to. If the device is connected to more 

than one network, it has multiple NetKeys. Another security key is the subnet key (SubKey) that 

tells which subnet the node belongs to, if it is in one.  

Then there is a key called Application Key (AppKey) which secure the message when a conflict 

of interest occurs. A conflict of interest occurs when for example a lamp needs to relay a message, 

but it has no business of the message itself. This is when the AppKey comes in hand to secure 

which data is going where and if the node that has the data for the moment gets access to the data.  

Next key is the device key that is used in the provisioning process, this key is for the provisioner 

and the node itself to secure the communication [10] [13]. 

 

Node Removal, Key Refresh and Trashcan Attacks 

When a node removes from a network, it still contains all the keys. This can make a security risk 

because someone else can connect to the network with the removed node. To avoid this, a 

procedure for removing a node from the network initiates. The removed node adds to a blacklist 

and every time a node adds to the blacklist. The network performs a key refresh procedure, which 

generates new keys to all the nodes that are not on the blacklist. This way a removed node cannot 

connect to the network again [13]. 

 

Replay Attacks 

When a node transmitting a message, it sends a sequence number (SEQ) and an IV-index along 

with the message. Every time a node sends a message, the SEQ increase and if a node receives a 

SEQ value that is less or equal than the last one. It will discard the message because it is most 

likely a replay attack. The IV index works the same but in a different field. That need to be equal 

or higher to be authorized [13]. These counters make it harder for hackers to hack the network 

because they need to have the correct numbers to receive the data. 
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4.2. ZigBee Mesh network 

Bluetooth is not the only developer of mesh networks, ZigBee was one of the first to implement a 

mesh network and their architecture is different compared to Bluetooth. Instead of four different 

nodes, ZigBee uses three.  

The end device in a ZigBee network are like Bluetooth’s LPN nodes. These nodes can sleep until 

they want the data that they missed [14].  

Another node is a router, which is a combination of a Bluetooth’s relay and friend node. The router 

retransmits the messages as a relay node. The other part of the router works as a parent for the end 

device, which means that the router needs to store all the messages until the end device wants it 

[14].  

The last node is the coordinator and it is responsible for the connection with the outside world, as 

the proxy node in Bluetooth. In a ZigBee network, it is only possible to have one coordinator and 

because of that, the network has a single point of failure that can make the whole network crash if 

it loses connection [14] [15] as is shown in Figure 11. 

ZigBee is not common in devices such as smartphones and if a ZigBee network wants to work 

which such devices as a smartphone or similar product, Bluetooth is required to make that 

connection [16]. If the networks need contact with devices like smartphones, it is simpler to use 

Bluetooth LE mesh network for the communication inside the network as well.  

 

 

Figure 11 ZigBee mesh network nodes 
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4.2.1. Bluetooth Mesh vs ZigBee Mesh 

There is no concrete answer to if Bluetooth or ZigBee makes the best network. It depends on what 

the system should do. They have different advantages and disadvantages. As Silicon Labs shows 

in [12], when they compare different mesh networks. The latency increases more for a Bluetooth 

network when increasing the number of hops compared to a ZigBee network. A Bluetooth network 

is therefore slower than a ZigBee in the setup Silicon Lab had. 

 

The disadvantage with ZigBee is the single point of failure. ZigBee can only have one coordinator, 

which easily can lead to a single point of failure. Bluetooth mesh, on the other hand, has the 

possibility to have more than one proxy node. This makes it easier to work with, in an industrial 

environment because the user can connect to the network in more than one place. Bluetooth already 

exists in a much wider extent such as smartphones, computers and many other devices, which make 

it easier to work with. 
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5. Practical Configuration of Blue Gecko Development 

Board 

The hardware used in this project was the development board Blue Gecko Bluetooth Starter Kit, 

EFR32BG13 SLWSTK6020B made of Silicon Labs [4]. These boards are programmable and can 

have different duties as different nodes in a mesh network. To program these boards, Silicon Labs 

provides the software program Simplicity Studio for the programming of the boards [5]. This 

chapter describes, how to connect unprovisioned devices to a mesh network via Silicon Labs 

provisioning app [17]. 

5.1. Network configuration 

In Simplicity Studio, a few demo applications are available that can be used for different tests. In 

this example, with the help of four boards, explains how to provision the boards into one network 

in practice. Two demo applications were used, one board with “Soc-BTmesh switch” and was used 

as a switch to turn on a lamp on the other three boards that were programmed with the “Soc-

BTmesh light” demo. The lamp nodes are the three boards on top in Figure 12 and the switch is 

the bottom board. 

 

 
Figure 12 Three lights node at the top, one switch node at the button, unprovisioned 

A smartphone was the provisioner in this example. On the smartphone was the “Bluetooth Mesh” 

application [17] downloaded to help with the provisioning process. 

 

Figure 13 provides a systematic explanation of how to get an unprovisioned device into the mesh 

network. 

Step1: The provisioner collects a signal from the unprovisioned devices that tells which devices 

want to join the network.  

Step 2: The user chooses a device and presses the provisioning button shown in step 1 and the 

provisioner connects with the board. On the boards display the text “provisioning” appear and the 

LED starts blinking.  

Step 3: When the provisioner and the new device get contact, the user chooses a name for the 

device and which network it should belong. 

Step 4: The user can choose the functionality of the device and which group it should belong. Here, 

it is also possible to choose if the device should have the proxy or/and relay feature on or off. 
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Step 5: Wait for the cryptographic exchange, which the app does automatically. Then the display 

shows the text “Provisioned” and the process is done. 

 

 

 
Figure 13 Step-by-Step provisioning process with the Bluetooth Mesh app 

 

All devices need to go through this process one at the time. When all devices are in the same 

network and group, it is possible with these demo applications to turn on the lamp at the light nodes 

by pressing the master unit button in the app or by pressing the P1 button on the switch node.  
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6. Measurement, Range and Environment Test 

The focus of this project was to analyze how much the environment affects a Bluetooth LE mesh 

network. To be able to build a mesh network, an evaluation of the board’s limits needs to be done 

first. The maximum range that the Bluetooth signal can travel between the boards in different 

surroundings, and what obstacles that will break a signal.  

 

This chapter describes an experiment with the Blue Gecko boards in five different surroundings 

and the results of each surrounding.  

6.1. Objective of Range and Environment Test  

To be able to execute the final experiment with a mesh network in the factory, some knowledge 

about the hardware was required. The developers of the hardware cannot say what the distance 

should be between two boards to create a good network since there are many things that can 

interfere with a wireless signal. The range must be tested in the same environment the network 

should be implemented. 

 

This experiment had the purpose to answer following questions. 

1. How far can the signal travel between two boards? 

2. Does the direction of the antenna affect the range? 

3. Does the height difference between the board’s matter for the range? 

4. Is there something that interferes with the signal? 

6.2. Procedure of Range and Environment test 

The aim of this experiment was to answer the four questions mentioned in the objective of this test. 

The first thing to do was to measure how far the signal could travel between two boards, one sender 

and one receiver. The sender with the “Soc-BTmesh switch” demo mentioned in chapter 5 

programmed, but with a few changes. The reprogrammed switch demo sends out an on/off signal 

to the light node every second. This program made the lamp at the light node flashing when there 

was a connection between the boards and made it stop flashing when the connection was lost. 

Figure 14 shows a boards when the light was on, the light can be seen to the right of the display.  

 

 
Figure 14 Light node with lamp on. Yellow light right to the display 
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To see what interfere with the signal, we have chosen four departments at TMHE that have the 

most unique environment and are most different from each other. To have a reference to compare 

with, a measurement of the range was made outside on an open football field where it is almost 

nothing that could disturb the signal. 

 

Here is a list of the chosen surroundings and a small explanation on how they look.  

1. Football field 

2. Lab: This is a big open space with metal walls and a metal roof, small amount of 

movements of trucks and people.  

3. Assembly hall: The assembly hall is a big area with many different tools, shelving and 

work areas. The environment changes from one side to another with low shelving to high 

shelving. There is also much movement of trucks and people in this area. 

4. Warehouse: The shelving goes up to the ceiling and has different materials on the shelves. 

The only open space in the warehouse department is tight aisles between the shelves where 

trucks drive and block the aisle.  

5. Welding department: The welding department is on the list because they use electrical 

welding machines that could disturb the Bluetooth signal.  

 

In all test, the boards were placed in a cardboard box and powered by a battery shown in Figure 15 

below.  

 

 
Figure 15 Bluetooth board inside cardboard box 
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6.2.1. Measurement Outside 

Procedure and setup 

The sender was placed on a well’s lid; in front of the sender was a small slope of one meter and 

then a football field where the receiver was moved around.  

 

 
Figure 16 Placement of sender 

In this open space, almost nothing could disturb the signal, but one thing to consider was the 

weather. When this test was executed, the grass was wet and that can affect how the signal bounced. 

 

To compare the hardware three different receivers and two senders were tested, to see how far each 

board could reach. Both senders were separately tested with all three receivers to see if the boards 

are different from each other.  

  

When measuring the range, the receiver was held at waist height at around 1.2m from the ground 

to have it at the same height as the sender. A human body can disturb the signal, therefore was the 

receiver held around 30cm away from the body. To measure the range, the person who held the 

receiver walked away from the sender until the lamp stopped blinking, see Figure 17. When 

reaching the maximum range, the receiver was held at different heights to see if the height of the 

receiver would affect the connection. 
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Figure 17 Range test set up and execution for measurement outside 

The range was supposed to be measured by laser, but it was too bright outside and the laser was 

impossible to see. This test was only to briefly check how far the signal could travel and therefore 

the measuring was done by counting footsteps instead of using the laser. One footstep was 

measured to be 0.9m and number of steps was then multiplied with 0.9 to get the result in meter. 

 

Another question to evaluate was the antenna direction. Rotating the boards and see if it gives 

better or worse connection, or if it will stay the same. In this test, all four different directions see 

Figure 18 – 21 below were tested. The test was executed the same way as earlier by holding the 

receiver and walk away from the sender with all these directions of the antennas. 

 

 

 

 
Figure 18 Sender antenna up,  

Receiver antenna towards Sender 

 

 

 
Figure 19 Both antennas towards each other 

 

 

 

 

 

 

 

 
Figure 20 Both antennas up 

 

 

 

 
Figure 21 Sender antenna towards Receiver,  

Receiver antenna up 
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The last question to answer was if anything interferes with the Bluetooth signal. Two things that 

are mentioned in chapter 3 that are tough for a wireless signal to get through are metal and the 

human body. Once again, the receiver was moved away from the sender. Once with the body 

between the sender and receiver as in Figure 22 and once with a metal piece between the boards 

as in Figure 23. To see if either the metal or the human body do interfere or not. The interference 

test was only tested with one sender and receiver.  

 

 

 
Figure 22 Range test, body between receiver and sender 

 

 
Figure 23, Range test, metal between receiver and sender 
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Result 

With this concept, six measurements were made with different boards in each antenna direction 

and the results are provided in Table 1. Notice that, the receiver boards are called Light 1, Light 2 

and Light 3 and the senders are Switch 1 and Switch 2. 

 

 
Table 1 Results of range measurement outside. Antenna directions showed in Figure 18-21 

 
Table 2 Mean value and biggest difference from range measurement outside between the antenna directions of different 

boards 

 

 
Table 3 Mean value between the different boards and different antenna direction 

 

When comparing the measurements, the mean value was almost the same in all different directions 

of the antenna and the difference between the boards did not show any long distances. The 

conclusion is that the boards have the same range and the different results were because of the way 

it was measured. To make a conclusion if the antenna directions matter is hard to tell because of 

few measurements, but with those measurements that were done, the directions did not seem to 

matter. Neither the height showed any noticeable effect  
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Next step was to check how metal and a human body affect the Bluetooth signal. The test showed 

that both blocked the signal. The metal blocked the signal earlier than the body and reduced the 

range to half. 

 

The metal was then placed behind the receiver at different distances to check if that affects 

anything, the receiver was now between the metal and the sender. The signal was good with the 

metal behind the receiver in all distances, except when the distance between the metal and the 

receiver was around 3cm. At this distance, the reflection of the signal from the metal took out the 

incoming signal from the sender, which led to no connection. 

 

 
Figure 24 Metal used in test 
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6.2.2. Measurement in Lab Department 

Inside Lab 

The lab is a big open space with metal walls and metal roof. There are two big warehouses and a 

few trucks that moved around on the floor. The sender was placed in a few different places, behind 

the warehouse, in the warehouse behind a big truck battery, close to the wall and in an H-beam that 

was in the wall to see what would interfere with the Bluetooth signal. The receiver was moved 

around in the lab and the connection was checked with the lamp as the test outside.  

 

 
Figure 25 Map of lab 

 

Result Inside Lab  

It was hard to lose the connection between the boards in this departments, the receiver got a 

connection everywhere in the lab except in one spot when the sender was placed in one corner and 

the receiver was around a corner on the other side of the lab. This position is shown at the map 

below.  

  

 

 

Figure 26 Placement of nodes inside the Lab 

The conclusion of this is that wireless signals work good in this kind of environment because it is 

built of metal the signal bounce around in all directions and almost nothing in this area can suppress 

the signal. The use of a mesh network instead of a star or point-to-point topology does not give 

many advantages in this kind of environment except that it could be connected to the other 

departments.   
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Outside Lab 

Another test was made outside the lab to see how the signal travelled around a corner of metal 

walls. There was an open space on one side of the lab and a metal fence on the other, fence in left 

side om Figure 27. The sender was placed on one side of the corner and the receiver was moved 

along the wall on the other side of the corner to see if they get a connection. The fence made the 

surrounding different depending on which side of the corner the sender was placed. Therefore, we 

switched sides of the boards and made a second test to see if this changes the connection.  

 

 

 
Figure 27 Corner outside lab 
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Result Outside Lab 

 

Not all the wireless signals sent towards the fence got through; the signal bounced on the fence and 

made the connection good when the setup was as the left picture in Figure 28. The only way to 

break the connection was to put the sender far away (50m) which made the signal weak and a 

human body between the fence and receiver.  

 

On the right picture in Figure 28 when the sender and receiver switch positions, the signal had a 

harder time to reach the receiver. The receiver was moved along the wall once more, but it did not 

get any good connection anywhere. At some random placements of the receiver did the signal got 

through. These connections were most likely because the fence was not flat, that made the signal 

bounce in different directions and made some signals to reflect the correct way towards the 

receiver. 

 

 
Figure 28 Result outside lab and placements of nodes 

 

The boards had trouble to get connection around a corner of metal walls. A metal fence made the 

connection better and it does not have to be a complete metal wall to make the signal bounce. This 

is something to consider when building the setup of a network and not place two boards on different 

sides of a corner. 
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6.2.3. Measurement in Assembly Hall 

This time the sender was placed close to the middle of the assembly hall at a height of 2m on a 

cable holder. The receiver was held and moved around the assembly hall to see how much the 

range changed in different directions from the sender. The environment is very different in all 

directions from the sender, there are some stocks in one direction, low shelves (1.6m) in another 

direction and much movement with trucks and people all over the department. Some single metal 

walls and other obstacles that can block the signal are also placed around the department. 

 

Result in Assembly Hall 

Figure 29 below shows where the connection was good and where it was not good around the 

assembly hall. The red X shows the location of the sender, the lines show the way the receiver 

moved. Colors of the lines describe how good the connection was at that place, the green solid line 

is good, yellow dashed line means that some messages get through, but not all, red dotted means 

no connection.  

 

 
Figure 29 Assembly hall: connection map 
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The map in Figure 29 shows that no conclusions can be made just by looking at the distance 

between the sender and the receiver. The environment between two boards’ matters for the signal, 

an example of that is when the receiver was straight to the right of the sender. When walking up 

from that position it is still green but walking down it becomes yellow. This is because there is a 

canteen made of metal and a warehouse right between those positions that break the signal.  

 

The movements in the department also showed to be bad for the signal, to the left of the sender 

there is a black line, which is thicker than the rest. That is an assembly line and many people work 

at that line. The yellow dashed part, left and up from the sender, shows that all these people block 

the signals.  

 

6.2.4. Measurement in Warehouse 

Two different setups were tested. In the first test, the sender was placed one meter above ground 

in the corner of the warehouse and the receiver was moved around the whole warehouse, see the 

left picture in Figure 30. The second setup, the sender was moved to the middle of the short side 

at around two meters height and the same test with the receiver was made, see the right picture in 

Figure 30.  

 

 
Figure 30 map of connection in the warehouse 

Result in warehouse department 

The result shows that the signal went through an aisle between the shelves, which is around 40m 

but when it was a few warehouse aisles between the receiver and the sender, the signal was blocked. 

The height and direction of the sender did not change anything, both tests show the same result. 

The signal behaved the same in the two setups because the department looks the same from the 

floor to the ceiling.  

 

The different materials in the shelves made the signal to bounce around, which led to some random 

dead spots and some random spots with a good connection. The receiver was moved as the arrow 

in Figure 30 above and where the receiver is located is where the connection between the boards 

got lost.  
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6.2.5. Measurement in Welding Department 

The last environment test was in the welding department, this time the sender was placed behind 

many obstacles in a corner to get a weaker signal. The aim here was to see if there was any electrical 

interference if the receiver were placed close to a welding machine. The results showed that there 

was not any noticeable interference from the welding machines. 

 

6.3. Discussion Range and Environment test 

The questions that were asked in this test were: 

1. How far can the signal travel between two boards? 

2. Does the direction of the antenna affect the range? 

3. Does the height difference between the board’s matter for the range? 

4. Is there something that interferes with the signal? 

 

The direction of antennas and the height difference between the boards were tested in all the tests 

when walking around with the receiver. These tests never showed any noticeable connection 

difference in neither height or direction, which led to that the direction nor height will not be a 

factor when planning the next test with the mesh network.  

 

The range was much longer than expected which means that a mesh network does not require as 

many nodes as expected to create a good connection in a big area. When looking at the map over 

the assembly hall it could be enough to put a few extra nodes to create a connection in the whole 

department. Maybe not perfect everywhere but good. The range differs very much from one 

department to another, which needs to be considered when planning the structure of a mesh 

network. Some departments will need more nodes than others. Places like the lab have a big 

coverage compared to the warehouse where the signal easily is blocked.  
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7. Mesh network VS Star topology 

With point-to-point and star topologies it has been hard to get a good connection over a factory 

because of the single point of failure. One connection easily breaks with some interference. Mesh 

network is a huge possibility for companies, to create a wireless network to work with. With mesh, 

there is a possibility to implement a system without any single point of failures. 

 

This chapter explains the objective, procedure and result of an experiment creating a mesh network 

and comparing that to a star topology with the help of two moving trucks and seven static nodes.  

7.1. Test Objective 

The purpose of this test was to compare the coverage of a star topology with a mesh network. It 

investigates if the coverage gets larger with mesh, which is claimed in the theory. Nodes were 

placed in the departments that have been described in chapter 6. The aim was to see if and where 

it is possible to reach those department and a few other nodes placed around the factory.  

 

The following questions are the main questions in this experiment.  

1. Is there any difference in coverage between star and mesh? 

2. In what position of the automatic truck does it reach the different nodes? 

7.2. Test Setup  

To execute this test the boards were once again reprogrammed. In this test, the sending node sent 

out an increasing number each second from one until the test stops. All the other nodes were 

programmed to be receiving nodes and they stored the transmitted numbers from the transmitting 

node in their flash memory. After the test, the flash of each receiving node was read and evaluated. 

The numbers that were stored in the flash tells when the receiving node had a connection with the 

transmitting node and the time can be compared with the position of the truck.  

 

The result from the earlier range test showed how far the nodes should be from each other in the 

different departments to create a network with a good connection. Some nodes were placed in bad 

locations to get a result that showed a big difference between the two topologies. If all the nodes 

were placed with a good connection, it is hard to tell the differences. In this test, the same boards 

and cardboard boxes were used as the previous experiments, see Figure 31. 
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Figure 31 Bluetooth board inside cardboard box 

 

TMHE have two automatic trucks that are driving through the factory, the sending node was placed 

in the front at one of those trucks as in Figure 32. Seven receiving nodes were placed in different 

places around the factory and in different departments as static nodes. Figure 33 shows the map 

and Figure 34 – 41 indicates the placement of all nodes. The last receiving node was placed in the 

front of the other automatic truck that drives the same route as the truck with the transmitting node.  

 

 
Figure 32 Sending node in the front of an automatic truck 
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Figure 33 Map of node placements and driving route 
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Figure 34 Node 1, end of road close to reception 

 

 

 

 
Figure 35 Node 3, inside lab behind metal gate 

 
Figure 36 Node 2, welding department, entrance to 

offices 

  

 

 
Figure 37 Node 4, middle of the assembly hall 
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Figure 38 Node 5, in the front of the other automatic 

truck 

 

 
Figure 39 Node 7, gate to out loading department 

 
Figure 40 Node 6, warehouse in front of the first aisle 

 

  

 
Figure 41 Node 8, corner of assembly hall
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The idea was to record the positions of the automatic trucks by using the program Vehicle 

Diagnostic. With this program, it is possible to record and then extract the coordinates of the 

automatic trucks. The received numbers in the receiving nodes and timestamps of the coordinates 

from the program would tell an exact position of the truck when there was a connection between 

the nodes. 

 

Later a few problems with this program were discovered. It did not record any timestamps together 

with the coordinates. It also lagged and jumped over some measurements, which made it 

impossible to calculate the sampling time of the coordinates and resulted in the situation where the 

program could not extract the recorded coordinates at all. Therefore, it was impossible to get the 

position of the truck at a specific time to compare with the receiving numbers from the nodes. 

 

Instead of using this program, the route of the trucks was divided into five different areas and the 

traveling time of the truck to each area was measured to compare with the received numbers. This 

gave a brief position the truck at a specific time, but it could not give accurate information about 

the position of the truck. This positioning system assumes that, in every measurement the truck 

drives with the same speed and nothing disturbs and stops the truck in the route.  

 

Figure 42, shows the route with the five different areas. Starting position, driving to the assembly 

hall, driving back from the assembly hall, unloading position and the route back to the starting 

position.  

 

 

 
Figure 42 The different driving routes 
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7.2.1. Measurement Procedure 

All the static receiving nodes were placed at their location in the factory shown in Figure 33 and 

they were set to the default mode by pressing the button PB0. The nodes on the trucks were placed 

at their position a few minutes before movements of the trucks. At the two trucks, one had a 

receiving node and the other had the transmitting node. The receiving node was always placed on 

the truck that stood at the unloading position and the sending node was placed at the truck in 

starting position.  

 

A timer and the transmitting node were started at the same time and stopped at the same time when 

the test was done. This helped us to see how much time difference there was between the timer and 

transmitting numbers. An optimal setup would give the result that the last transmitted number is 

the same as the number of seconds the test was executed. The boards did not send out exactly every 

second which made a small difference between the time and numbers sent.  

    

The test was done when both trucks were back to the position they started. It was when the truck 

with the receiving node was back at the unloading position and the truck with the transmitting node 

was back at the starting position. When the transmitting node stopped sending the numbers. All 

the receiving nodes were collected, and their flash memories were read and evaluated. 

 

This test was executed four times with a star topology and four times with a mesh system where 

all nodes relayed the message.  
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7.3. Result of Measurement with Star Topology 

This subsection shows the results from the four measurements made with a star topology. Table 4 

shows how many percentages each node received at each measurement. To the right, we have the 

mean value of all four measurements for each node.  

 

 
Table 4 Percentage of received messages of each node and test with star topology 

 

Table 4 has all the nodes as rows and the measurements as columns. As the table shows, only node 

number one received over 50% of the messages. All the other nodes suffered from bad connection 

and node number eight did not receive one single message in any of the four measurements.  

 

 

 
Table 5 Percentage of received message at specific position with star topology 

 

Table 5 shows the receiving percentage of all the sent messages in each node from the different 

driving areas. The nodes that stand out and show the most interesting result is: 

Node 1 that got almost 100% of all messages sent when the truck was driving back from the 

assembly hall.  

Node 6 that was opposite to node 1 and only received a few messages when the truck was in the 

assembly hall but got a good connection at the starting position. 

Node 3 only received few messages when driving towards the assembly hall and no messages in 

the rest of the route.  

Node 5 that received a few messages in all positions of the route.  
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7.4. Result of Mesh Measurement 

This subsection shows the result from the four measurements done with the mesh network. Table 

6 shows how many percentages of the messages that each node received each measurement.  

 

 
Table 6 Percentage of received messages of each node and test with mesh 

With a mesh network, all nodes received over 60% of the messages at least once, most of them 

received over 60% of the messages in all measurements. The variation of the result from one 

measurement to another is interesting. Most of the nodes got almost the same result every 

measurement, but node 2, 5 and 6 variates much and the reason is unclear.  

 

 

 
Table 7 Percentage of received message at specific position mesh 

Table 7 show the location of the truck with the transmitting node in the route. The number tells 

how many percentages of all messages sent in each position that was received by the respective 

receiving node. Table 7 shows that all nodes received messages from all the positions at least a few 

times.  
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7.5. Combined and Compared Results of Star Topology and Mesh 

Table 8 below shows the comparison between mesh and star topology. The blue bar shows the 

mean value of received messages with a star topology and the red bar shows the mean value of 

received messages with mesh topology. The height of each bar indicates of how many percentages 

each node received.  

 

 
Table 8 Difference between the star topology and mesh in coverage 

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6 7 8

P
er

ce
n

ta
ge

 R
ec

ei
v

ed

Node

Percentage of received messages

Star

Mesh



Page | 46 
 

The following map shows the location of each node with the mean value of received messages for 

each node. The left value under each node is the value from the star topology test and the right 

value is from the mesh topology.  

 
Figure 43 Map of position of nodes with compared coverage measurements. Star topology to left and mesh to right 
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The comparison in Figure 42 and Figure 43 between the star and mesh topologies shows that mesh 

network increases the reception of all nodes except node six that was placed in the warehouse. This 

node only had node number five, that was placed on the other automatic truck, as a possibility to 

receive a message through a relay, but it seems that they didn’t get a connection which led to that 

the warehouse became a single node in the mesh network.  

 

The biggest difference between mesh and star topology is node number eight that was placed in 

the corner furthest away in the assembly hall. This node did not receive any messages at all with a 

star topology. With mesh, it received 82% of the messages, which is most of all nodes. 

 

Another interesting node is node number 3 that was placed inside the lab behind a metal gate. With 

star topology, it got only a few messages when the truck was driving towards the assembly hall. 

With mesh, it increased to almost 80% by going around the obstacles by using node number one 

as a relay node. This shows that a mesh network is more optimal in this kind of environment. The 

signal can take a longer way if it is possible to reach the desired destination.  
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8. Discussion 

This chapter will take both chapter 6 and 7 into account and discuss around the questions asked in 

the problem formulation in subsection 1.2, which was following questions.  

 

● Does the environment in TMHE Mjölby’s departments affect a Bluetooth LE mesh 

network? 

 

The result from the range and environment test shows that the environment in the different 

departments does affect a wireless signal. The coverage was almost perfect in the lab but not so 

good in the warehouse.  

 

To evaluate if the environment affects a mesh network is not as simple to tell. Nodes 1, 4 and 8 

were all in the assembly hall and as we can see in Table 6, they all got the best reception at 

measurement 3. This measurement was made between 11:10:00 and 12:08:14 when there were 

lunchtime and no movement in the assembly hall. No movement led those nodes to receive almost 

all messages when the truck was driving back from the assembly hall and when standing at the 

unloading position. This is one argument that the movements in the industry do affect a mesh 

network. Looking closer to the results, the measurement at the lunchtime is not much better than 

the other measurements. Only a few messages more get through to these nodes, which says that 

the movements do not affect much.  

 

As mentioned in subsection 7.5 when comparing the results of star and mesh topology, node 3 

increases in reception using mesh because the signal took an alternative way around an obstacle 

through node 1. The answer to this question is yes and no, the environment affects a wireless signal 

and can easily block the signal and therefore it affects a mesh network too. The mesh network can, 

however, take an alternative route to reach the desired destination; therefore, does the environment 

not affect the result in a mesh network.  

 

● Compare Bluetooth LE Star topology and mesh network, advantages and disadvantages. 

 

When looking at the result of the measurements there is a huge difference between the coverage 

of the two topologies. Mesh network increase the reception of the messages in all the nodes except 

the one in the warehouse. All nodes received messages from every position of the truck at least 

once, to get a big coverage using mesh network is a big advantage for TMHE and these tests do 

not show any disadvantages by using a mesh network. 
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9. Conclusion and Future Questions 

TMHE has the goal to implement Bluetooth onto their trucks and create a mesh network between 

them. The results in this thesis do not show any problem for TMHE to reach that goal. This thesis 

only considers the coverage and cannot tell what features that is possible to implement in this kind 

of network. What features TMHE can implement is a future question and more projects and 

research need to be done to answer that.  

 

Here is a list of questions that need to be evaluated before TMHE can take a conclusion of what 

features they can implement. 

 

1. What is the latency in this kind of mesh network?  

a. How does the latency change depend on numbers of hops? Linear or nonlinear? 

b. How stable is the latency when all nodes in a mesh network are dynamic and moving? 

The distance between the nodes will be different in every sending. 

2. How could the provisioning system be done in a large system with let us say 200 trucks and 

many smartphones? It would be much work to do the provisioning process one by one as in this 

thesis. 

3. Do the whole mesh network need to have the same message transfer system or can it be 

implemented differently in different parts of the networks? Different message transfers in 

different subnets for example.  

4. With a given bit rate, is there any interference from Wi-Fi? Compare the following and see how 

far away each node must be to obtain a given bit rate. 

a. Without interference 

b. With normal interference level from Wi-Fi 

c. With massive interference from Wi-Fi 
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