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ABSTRACT 
As the growth and enthusiasm for IoT increases, energy 
consumption and efficiency is of immense importance in 
order to develop maintainable and dependable sensor 
networks. In this thesis, we implement and evaluate a 
wireless sensor network using Bluetooth Low Energy 
(BLE) as the communication standard with regards to 
energy consumption and range capabilities. We found BLE 
to be a highly viable option for such systems, yielding long 
battery life for systems where long-range capabilities are 
not needed. 

INTRODUCTION 
Internet of Things (IoT) has been a hot topic in the IT 
industry the last decade. This new paradigm is considered 
to be the next step of Internet which interconnects objects 
of the physical world and links them with the virtual world 
[1][2]. 

Connecting devices and appliances has its challenges, such 
as power consumption, security and range [1]. These 
challenges are even more critical in a wireless sensor and 
actuator network (WSAN). A WSAN is a network 
consisting of different types of sensors and actuators that 
are interconnected with each other. These devices can then 
collect, share and act on data collected from the physical 
world. In most cases WSAN devices do not have access to 
electrical outlets and are expected to work efficiently with 
batteries as their source of power. 

These restrictions rule out Wi-Fi communication as a viable 
option due to its high energy consumption. To lower the 
energy consumption of Wi-Fi deep sleep must be enabled 
on the device, a solution which raises further limitations of 
a sensor or actuator communicating via Wi-Fi. These 
limitations prohibit on demand polling of a sensor and on 
demand actions from an actuator due to the device might be 
in deep sleep. In order to use these devices at their full 
capacity and to promote a user-friendly wireless 
environment other means of communication must be used. 

An alternative would be to use Bluetooth Low Energy 
(BLE) as the wireless communication technology. BLE 
allows for much lower energy consumption which in turn 

allows sensors and actuators to maintain a connection to the 
local gateway. 

Purpose 
This thesis intends to implement and evaluate a small 
WSAN using BLE modules and a local gateway with 
access to Wi-Fi. We will measure and evaluate the 
performance with regards to predefined metrics in order to 
assess the limitations of such a system. 

Research question 
Is BLE suited for communication in a wireless sensor 
network (WSN) with regards to: 

● Performance: Measured by range capabilities 

● Energy consumption: How much energy does the 
devices consume? 

Using the defined metrics, we will evaluate the impact of 
range between nodes on energy consumption. We will also 
make comparative measurements using Wi-Fi as 
communication between the sensors and the gateway for 
reference when assessing and evaluating BLE. 

Limitations 
We will limit the work of this thesis to a predefined 
physical environment. The environment in which BLE is 
evaluated in this study is an automated home pool system 
with size and interference as any ordinary swedish home. 

We will use Bluetooth 4.11, which supports BLE – 
specification for Bluetooth 5.0 have recently been released 
but no equipment is yet available for consumers. 

This paper will also disregard any security aspects related 
to BLE. Security is a vital part of any communication 
protocol but an investigation of the security aspects of BLE 
is not the main goal of the thesis at hand. BLE does 
however offer several mechanisms in order to provide 
security e.g. pairing, key generation, signed data etc. 

                                                           
1https://www.bluetooth.org/DocMan/handlers/DownloadDo
c.ashx?doc_id=282159 
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BACKGROUND 

The system 
The WSN is intended to operate in a home pool system. 
The central unit in the pool system is a Particle Photon, 
described later in this chapter. The Photon in turn is hooked 
up with a quantity of other hardware such as a heat 
exchanger, water pump motor and sensors. 

The environment in which we will evaluate BLE is a 
system with one central device and multiple wireless 
sensors. The sensors will be attached to BLE modules 
which reads data from the sensors and communicates the 
values to the central device. In turn, the central device 
publishes the data to a cloud service. The wireless BLE 
modules and sensors need to be able to supply adequate 
range capabilities as well data consistency and run for a 
sufficient amount of time on a coin cell battery. 

Technology 
In order to fully understand the content of this paper, a 
basic knowledge of the BLE technology is needed. Table 1 
highlights some of the main characteristics of the technical 
specifications for BLE. 

The rest of this section will give a brief overview of the key 
concepts for BLE, the hardware used for setting up the 
system and a brief definition of our metrics. 

Attribute Bluetooth Low Energy 

RF band (MHz) 2400 

Range (m) 100 

Bit rate (kb/s) 1024 

Message size (bytes) 33 

Identifiers 48 bit MAC address 

Device types Observer, Broadcaster 

Table 1 - Technical specifications of BLE 

. 

Bluetooth Low Energy 
Bluetooth Low Energy was developed to meet the needs of 
wireless devices depending on battery power in form of 
coin cells to perform their tasks [8]. 

The IEEE standardizes bluetooth as 802.15.1 but no longer 
maintains the standard. Bluetooth SIG (special interests 
group) oversees the development of the specification and 
protects the trademarks [9]. 

Roles 
BLE devices can establish links as regular bluetooth 
devices [8]. These devices can also be assigned distinct 
roles which are configured in the Generic Access Profile 

(GAP) of the devices. The two relevant roles for this thesis 
and most commonly used are the central and peripheral 
roles. When a peripheral device isn’t connected to a central 
device it will advertise its existence by transmitting 
advertising packages at a given interval. For a central 
device to find a peripheral it continuously scans its 
surroundings for advertising packets [6][8]. When a central 
device receives an advertisement package from a peripheral 
device it will initiate a connection with the peripheral 
device. When the connection has been set up between the 
central and the peripheral, data can be exchanged between 
the devices.  

GATT 
How and what kind of data the peripheral offers are 
described in Generic Attributes2 (GATTS). The GATTS 
profile contains a collection of services which describes 
what kind of behavior the device is offering. Each service 
contains one or more characteristics that consist of a type, a 
value and a set of properties indicating the operations the 
characteristic support. Read and write are two operations 
commonly offered by peripheral devices. A typical scenario 
for BLE communication is shown in image 1. 

 

Image 1 - Overview of BLE communication events 

 

                                                           
2 https://www.bluetooth.com/specifications/generic-
attributes-overview 
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One thing to note about Bluetooth Low Energy is that it 
does not support multi-hop communication [6]. This is 
because a peripheral device only can be connected with one 
central device at a time. Consequently, a BLE network 
topology is confined to a star network where all peripheral 
nodes communicate with a central node.  

Hardware 
The hardware available to us are the RedBear Duo and the 
Particle Photon, which support over-the-air (OTA) updates. 

RedBear Duo and Photon is programmed with the Wiring 
language, an open-source programming framework for 
microcontrollers. Wiring integrates support for pure C/C++ 
programming as well as bare assembler. 

RedBear Duo 
RedBear3 Duo is a development board based on the 
STM32F205 ARM Cortex-M3 120MHz and the Broadcom 
BCM43438 WiFi (2.4GHz only) + Bluetooth 4.1 (Dual 
Mode) combo chip, a highly flexible, multiprotocol system-
on-a-chip with support for BLE. 

 
Image 2 - RedBear Duo 

A RedBear Duo device will act as a gateway to the internet 
for other RedBear Duos. The gateway will be powered 
through an electrical outlet and the other devices by coin 
cell batteries. In such a setup, the gateway can constantly 
enable both Wi-Fi and BLE allowing the battery powered 
RedBear Duos to publish data to the cloud through that 
device. 

                                                           
3 https://redbear.cc/product/wifi-ble/redbear-duo.html 

Photon 
Photon4 is a Wi-Fi connected development board based on 
the STM32F205RGY6 120Mhz ARM Cortex M3 and the 
Broadcom BCM43362 Wi-Fi chip. 

The Photon will be setup with sensors in the same way as 
the RedBear Duos and used for comparative measurements 
with regards to energy consumption. 

 
Image 3 - Particle Photon 

BluzDK 
BluzDK5 is a development board with many similarities to 
the Photon. The exception being that it hosts a nRF51822 
module built-in which supports Bluetooth LE 4.1 
communication and an ARM Cortex M0 16MHz instead of 
the equivalents of the Photon. BluzDK is marketed as an 
alternative to the Particle Photon when one wants to keep 
power consumption as low as possible. 

 

Image 4 - BluzDK 

 

The BluzDK operates differently from the RedBear Duo. 
The BluzDK does not implement the deep sleep 
functionality found in the RedBear. Instead, the bluetooth 
connection is established and kept alive continuously. You 
can define an interval in which to send new data to the 
central device, with the CPU sleeping the rest of the time, 

                                                           
4 https://www.particle.io/products/hardware/photon-wifi-
dev-kit 
5 http://docs.bluz.io/hardware/dk/ 
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only to wake up in order to keep the bluetooth connection 
alive. 

Energy consumption 
Keeping the energy consumption low is one of the hardest 
challenges when designing a wireless sensor network. This 
is an ongoing research topic and it is not always the most 
obvious or intuitive solution that is the most energy 
efficient [14]. 

There are many factors to consider when measuring the 
energy consumption, for example the interference of other 
communication protocols, the latency in the network and 
how often packets are lost during transmission. Because of 
this it is possible that consumption is affected by the 
environment in which the module is operating. 

Performance 
The metric of interest when measuring performance is the 
range within which the modules can operate e.g. not loose 
packets, while maintaining low energy consumption. Every 
wireless sensor network has its own requirements regarding 
the size of the area it will be deployed in and tests have to 
be performed to decide whether a WSN based on BLE can 
provide sufficient range capabilities. 

RELATED WORK 
A lot of studies have been done about communication 
between wireless sensors and in wireless sensor networks. 
It is obvious that the main challenge when designing a 
WSN is to keep the energy consumption sufficiently low 
[1] [11] [12]. 

Other technologies that are commonly included in these 
studies are ZigBee, Z-Wave, Cellular, Wi-Fi, SigFox and 
LoRaWAN [7]. 

Wi-Fi and Cellular allow for high transfer rates at a cost of 
exponentially higher energy consumption [7]. 

ZigBee is a wireless network technology developed by the 
ZigBee Alliance. It is designed for low-data rate, short-
range applications and energy efficiency [4][5]. The 
technology is based on the IEEE 802.15.4 standard. The 
low-power, low-bandwidth purpose of ZigBee makes it 
well suited for home-automation and wireless IoT devices 
[7]. 

SigFox and LoRaWAN are capable of ranges between 1-50 
kilometers. However, the technology is not yet available in 
many parts of the world, in combination with the need of 
base stations or gateways for either technology and the cost 
for transmitting through these, the technology is better 
suited for industrial usage [10]. 

Z-Wave operates sub the 1GHz band and is impervious to 
interference from other protocols such as ZigBee, Wi-Fi 
and Bluetooth. The technology is patented by Sigma 
Designs which is the only maker of the chips. Prices of 
these devices are therefore significantly higher. 

An earlier study that compared Bluetooth and ZigBee 
suggested ZigBee as the better suited technology of the two 
technologies [7]. 

A later study concluded that the energy utilization of BLE 
is slightly better than that of ZigBee due to the higher data 
rate [13]. This enables BLE devices to be active for a 
shorter amount of time when transmitting data. Which 
raises the question if the same is true when the data to be 
transmitted is only a few bytes, which will be the case in 
our system.  

METHOD 
In this paper, we will use a quantitative approach by 
measuring the performance and energy consumption of the 
RedBear Duo. 

Setup 
To be able to answer the research questions presented 
earlier we needed to get passed a few obstacles before we 
could begin taking the appropriate measurements. 

The electronics used were RedBear Duos, Thermistors, 
resistors and a multimeter. 

Thermistors are a kind of temperature sensor and by 
supplying the sensor with a 3.3-volt power supply we were 
able to take reading from the sensors by measuring the 
current that flow through it. 

The purpose of the multimeter was to monitor energy 
consumption of the RedBear, by supplying the devoces 
with electricity that passed through the multimeter. 

Implementation 
As a means of having control measurements we 
implemented five different applications for the wireless 
RedBears. One main application which acts as the 
RedBears are intended if deployed in a real-world scenario 
and thereby carries out the tasks of a wireless temperature 
sensor in our pool system. The other four applications were 
implemented to perform parts of the intended functionality 
as a means of being able to gather reference measurements 
to ensure in which state the main application is in when a 
reading is taken. 

The states implemented in the reference applications were; 
sleep-wake up, reading the sensor, a connection being 
established between a peripheral and a central device and 
sending the data to the central device. 

For the reference application which establishes a 
connection between two devices and the application which 
sends data to the central device, another two applications 
had to be developed and tweaked for the central device to 
accommodate the difference in behavior at the peripheral 
side.  

The main application for the central device was 
implemented with no regards to efficiency due to the fact it 



 - 5 - 

is connected to an electrical outlet. The central device is 
constantly scanning its surroundings for peripherals. When 
a peripheral does wake up, it is detected by the central 
device and a connection is established. The data is then 
requested via a read of a characteristic (in this case 
temperature) on the peripheral by the central device which 
disconnects when the data has been received. These events 
are detected by the peripheral. After the data has been read 
and the central device disconnected, the peripheral stops 
advertising its presence and enters deep sleep.  

Measuring energy consumption 
Each application was run on the peripheral devices with the 
equivalent application running on the central device. All 
applications utilized a looping behavior in order to get 
multiple readings of each iteration on multiple devices. This 
allowed us to get precise measurements of the consumption 
in each different peripheral state. 

Once each state had been monitored and data gathered, we 
loaded the RedBears with the main application, making the 
devices act as intended if deployed in all areas except for 
the length deep sleep time which was lowered drastically to 
speed up the process.  

Measuring performance 
The only performance metric we were interested in was 
range. The method we used to gather data on the range 
capabilities of the modules was by physically moving the 
modules further apart. After the maximum line-of-sight 
range was found, obstacles were introduced. Unfortunately, 
this was done in a lab environment and not a real world 
setting in which the system is intended to be used. 
Interference in our lab system were fairly similar to that of 
a real world setting and therefore further interference was 
not introduced. 

Calculating energy consumption 
To calculate the energy consumption, we measured the 
consumption during the five module states: consumption 
while sleeping, waking up, reading sensors, establishing a 
connection and sending data as explained above. The call 
stack in the code was used to calculate the consumption 
over time depending on three variables: transmission 
interval, range and packet size. 

We also measured the time in which the module where in 
each state, this was done programmatically by taking 
timestamps before and after each state. 

Consumption for the module states sleep and wakeup were 
expected to be more or less static no matter how long the 
module had been asleep. However, transmission interval 
and packet size were expected to have a significant impact 
on consumption and with the measurements defined above 
we were able calculate the energy consumption for different 
intervals, ranges and packet size.  

We define an equation for calculating energy consumption:  

Average amps (D) drawn: 

  

with 

n = number of states - sleep state 

T = Interval between transmits in minutes 

= time for state i to complete 

= current drawn for state i 

Sleep time (S): 

S =  

with 

= time for state i to complete 

Evaluating performance 
Performance were simply evaluated by measuring the range 
capabilities of the RedBear Duos. 

Comparative measurements 

Photon 
In order to compare the energy consumption of the RedBear 
Duo, a Particle Photon will be physically setup in the same 
manner as the RedBear, but with access to a Wi-Fi network. 
The Photon will read the values of a temperature sensor, 
publish the data to the cloud and go to sleep. Measurements 
will be performed in the same manner as with the RedBear 
Duo. 

Range measurement for the Photon was left out in this 
thesis. The Photon requires a Wi-Fi connection and the 
range of a Wi-Fi network is heavily dependent on what 
router is used in the prospective network. 

BluzDK 
As a way of contesting or backing up the RedBear Duo 
measurements, we will also use a BluzDK in our 
comparative measurements. The BluzDK with its dedicated 
BLE chip is designed for long lasting connections and thus 
the BluzDK will be tested with this in mind. The BluzDK 
will be implemented in such a way that the central and 
peripheral device will be connected continuously to be able 
to see what impact this has on the energy consumption. We 
will also measure the range capabilities of the BluzDK in a 
similar fashion with that of RedBear Duo. 

RESULTS 
This chapter presents the results of the measurements. First, 
we present the results from the energy consumption 
measurements and show the expected lifetime of batteries 
with varying capacity. Then we present the results from the 
performance measurements. Lastly, the results from the 
comparative measurements using Wi-Fi is presented. 
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Energy consumption 
We had a lot of data about the consumption in each state 
from the energy consumption measurements. This data was 
analyzed and the result are presented in table 2. From the 
measurements, we could see that there was no noticeable 
difference in the consumption by placing the peripherals at 
different distances from the central device. However, we 
saw a huge increase in the time taken to transmit the data 
which in turn affects energy consumption. 

State Average 
consumption 

Average time (s) 

Sleep 180 uA - 

Wake up 34 mA 4.1 

Read sensors 38 mA 0.1 

Establish 
connection 

90 mA 3.0 

Send data 52 mA 3.8 

Table 2 - Consumption and running time per state  

With this data, we can now calculate what impact different 
amounts of transmits per hour can have on the power 
consumption of the RedBears, using the equation 
formulated above. This is presented in figure 1. The figure 
clearly shows a drastic increase in power consumption 
when number of transmits per hour increases. 

 
Figure 1 - Energy consumption in mAh for X transmits per 

hour 

From these calculations, we can also calculate how long a 
battery could power these devices based on the capacity of 
the battery and how often we perform a transmission of 
data. Figure 2 displays the expected lifetime for batteries of 
varying capacity and different, predetermined number of 
transmits per hour.  

 
Figure 2 - Lifetime for different types of batteries 

Figure 3 visualizes battery life for batteries of three 
capacities given six transmits per hour, an amount of 
transmits optimal for the aforementioned pool system. 

 
Figure 3 - Visualization of battery capacity at 6 transmits per 

hour 

Performance 
While performing the tests for the range capabilities we 
could not find a significant increase of the power 
consumption of the peripheral but the time taken to transmit 
the data did increase. The results from these measurements 
are presented in figure 4. 

 
Figure 4 - Energy consumption in mAh for X transmits per 

hour 

When the distance between devices was 25 meters and 
above the connection started to become very unreliable, 
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resulting in the device remaining very long in a woken-up 
state and in turn having a significant impact on energy 
consumption. 

Comparative measurements 

Photon 
By implementing the Photon module with similar behavior 
of the RedBears, readings of the energy consumption could 
be gathered and analyzed. The comparative measurements 
using Wi-Fi communication is presented in table 3.  

 

State Average 
consumption 

Average time 
(s) 

Sleep 234 uA - 

Establish 
connection 

101 mA 2.3 

Read sensors 
and send data 

75.8 mA 2.8 

Table 3 - Consumption and running time per state using Wi-Fi 
(Photon) 

Figure 5 demonstrates the expected lifetime for batteries of 
varying capacity and different, predetermined number of 
transmits per hour for the Photon. 

 
Figure 5 - Lifetime for different types of batteries 

BluzDK 
The results from the energy consumption is presented in 
table 4. The state in which a connection is established is 
only run during the initial startup of the device and when 
the connection for some reason is lost. During our test, we 
did not experience any loss in connection and in order to 
account for possible connection losses we assume one such 
event per day. 

 

 

 

State Average 
consumption 

Average time 
(s) 

Establish 
connection 

5.40 mA 4 

Connected 225 uA Continuously 

Table 4 - Consumption and running time per state using BLE 
(BluzDK) 

Figure 6 demonstrates the expected lifetime for batteries of 
varying capacity and different, predetermined number of 
transmits per hour for the BluzDK.  

 
Figure 6 - Lifetime for different types of batteries 

The BluzDK reached up to 30 meters indoors. Also, we did 
not detect any increase in transmit time. When measuring 
the range capabilities of the BluzDK we could not detect 
any relationship in the power consumption and the distance 
of the devices. The energy consumption was invariable 
during all the tests.  

DISCUSSION 
This chapters discusses and analyzes the results as well as 
the method used. 

Result 

Consumption 
From the results, we can deduct that it will not be a viable 
option to use a coin cell battery with a capacity of 240 mAh 
for a setting that requires six transmits per hour. In such a 
setup, the battery would be depleted after only eight days. 
An alternative is to use a battery with a greater capacity, eg. 
2500 mAh. This would allow a BLE module to run for the 
better part of a year, when limiting the number of transmits 
to one per hour. 

The authors in [7] did a similar study and found energy 
consumption to be almost exactly the same as we did. 
Although in [13] the results showed substantially less 
energy consumption leading to longer battery life. We 
suspect that the difference in the findings of the three 
studies are mainly due to the difference in hardware, this is 
speculated in more detail later on in the discussion. 
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Performance 
According to the specification, the range of Bluetooth Low 
Energy is up to 100 meters, but BLE range is subject to 
both environment and hardware. 

The RedBear Duo documentation does not mention any 
specifications regarding range whilst the BluzDK 
documentation specifies ranges between 60-100 feet 
indoors and 150-200 feet outdoors depending on the 
environment. This translates to roughly 18-30 meters 
indoors and 45-60 meters outdoors. 

Our findings match the given specifications for BluzDK 
and we assume that the indoor/outdoor ratio for the 
RedBear Duo is similar to that of the BluzDK devices. 

We believe a huge factor in the slightly lower range of the 
RedBear device might be because it is hosting a Wi-Fi/BLE 
combo chip and not a pure BLE chip as the BluzDK does. 

Comparative measurements 
We were very disappointed with the results with regards to 
expected battery life from the RedBears, which is why we 
decided to compare them with the BluzDK devices to begin 
with.  

Comparing the results from the measurements of the 
RedBears with the Photons we can see that Wi-Fi 
outperforms BLE. A closer look in Table 2 and Table 3 
hints that the consumption between the two are fairly 
similar in between the different states of operation, with the 
major difference being the runtime of each state. This 
difference results in the Photon consuming less energy than 
the RedBear thanks to a quicker “wakeup” period. This 
suggests that hardware and firmware optimization plays a 
crucial role in device efficiency, meaning that the choice of 
hardware is critical in order to achieve low energy 
consumption. 

The BluzDK operates in a completely different manner, 
implementing sleep in a different way and maintaining the 
bluetooth connection while sleeping resulting in a 
constantly low energy consumption whilst still delivering 
good range capabilities. 

The Photon and BluzDK devices are more mature than the 
recently released RedBear Duo. This may further indicate 
the relationship between optimized hardware/firmware and 
energy efficiency. 

RedBear Duo and BluzDK showed quite similar 
performance with regards to range, but only the RedBears 
consumption was indirectly affected. Why this phenomenon 
did occur is not clear to us but speculate in it being related 
to chip type. 

Considering all the above it is recommended to test 
different BLE modules/microcontrollers before deciding 
which one to go with when building such a system with 
high demands on energy efficiency. 

Hardware 
Writing optimized implementations can only do so much 
for a WSAN, in the end it all comes down to what hardware 
you are using. We went with the RedBears simply because 
they were available to us and they are not the most energy 
efficient BLE microcontrollers on the market. The 
RedBears offer much more than just the BLE function we 
were looking for; they come with a WiFi chip and pretty 
much a fully loaded RTOS (real-time operating system). 
All that functionality comes at the cost of CPU power and 
thereby also energy consumption. 

The choice of what sensors to use has a significant impact 
on energy consumption as well. Measurements revealed 
that the thermistor used for reading temperatures increased 
the energy consumption by ~150uA. Such a slight increase 
in consumption is barely noticeable when the RedBears are 
awake but in sleep mode it’s an increase in consumption by 
a factor of six. Given that the BLE devices are to be in sleep 
mode most of the time, this greatly diminishes the battery 
life for our devices. 

Method 

Replicability 
A well-defined method is crucial to replicability. Our 
method is both well-defined and easy to follow. Open-
source platforms were used during implementation as well 
as hardware available in any well sorted electronics store, 
leaving the fundamentals in place for achieving 
replicability. 

Reliability 
As the thesis was conceived in accordance with a customer, 
the reliability of the result might be questioned. A third 
party might bring about angles or wishes with the potential 
of making the results bias. Although this phenomenon does 
occur, there should be no cause for concern. The goal of the 
thesis at hand was not to evaluate whether BLE is a good or 
bad technology for the prospective purpose, but to evaluate 
if BLE can meet the requirements needed for a particular 
project. 

Validity 
The one single most worrying threat to validity is the 
measurement equipment. A multimeter only shows the 
present current in the circuit. In order to avoid any faulty 
readings, we gather a lot of data and as a precaution we 
developed extra applications which only performed one of 
the tasks needed by the main application. This way we 
could find and redo readings that might have been faulty or 
misleading. 

Source criticism 
It is always hard to verify all information. Multiple sources 
were used to gather all the facts in the thesis at hand and 
responsibility was taken in order to make sure all sources 
are reliable and published in adherence with well-known 
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conferences. Any facts gathered from outside of these 
boundaries are assured to be the official documentation for 
that technology and/or product (e.g Bluetooth SIG).  

The Work in a Larger Context 
It is important to always remember that there is a risk of 
privacy intrusion when dealing with user data. There is a 
risk that an owner of a pool system isn’t aware that data 
about the system is collected and stored in the cloud. There 
is also the security aspect to consider when using wireless 
communication as the transfer media. Bluetooth Low 
Energy uses encryption by default on all communication. 

Regarding the environmental aspect this thesis does attempt 
to reduce the impact this type of system would have on the 
environment. By trying to keep the power consumption as 
low as possible you also keep the environmental footprint 
low. 

CONCLUSION 
A home pool automation system has been implemented 
using RedBear Duos as the modules for Bluetooth Low 
Energy communication between the sensors and the 
gateway in a WSN. Several measurements have been done 
regarding BLE in order to evaluate the suitability of this 
technology in this context. Additional comparative 
measurements using both BLE and Wi-Fi has been made 
allowing us to better assess BLE as the wireless 
communication technology in this system. 

Energy consumption 
The RedBear Duo is a new and immature product. A viable 
option is to remove the Particle Photon from the central 
system and replace it with a RedBear whilst using BluzDK 
devices for the wireless temperature sensors. 

The results show that BLE in the shape of a RedBear Duo 
cannot prove efficient enough for use in the specified 
system. We attribute this to the hardware architecture of the 
RedBear Duo module. However, the BluzDK modules can 
be run sufficiently long on a battery of acceptable size in 
order to prove applicable in the system. 

Performance 
Both Bluetooth Low Energy device types proved to deliver 
sufficient enough range in order to function is the specified 
system, although there might exist a few extreme cases 
where the achieved range is not enough. 

FUTURE WORK 
More work is needed in order to evaluate other possibly 
more energy efficient BLE modules and microcontrollers. 
We also recommend a similar study to be performed on 
devices that support the new Bluetooth 5.0 standards. Such 
devices should be available in the not so distant future. 
Finally, we suggest that BLE be compared further with 
other trending wireless IoT technologies such as ZigBee 
and Z-Wave. 
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