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Abstract. Buildings design and operation are responsible for occupant comfort. Buildings facades and 

walls can be engineered to control solar energy for photovoltaic electricity generation, daylighting, heating, 

ventilation, thermal insulation, and energy storage. Adaptive facades and intelligent walls integrate real-

time control technologies to adapt to the occupant’s requirements and preferences. Data transmission and 

information control in the modern building are gaining increasing importance. Implementing wireless 

network systems based on wireless communication technologies and protocols with low energy demand is 

crucial. This paper presents the simulation of wireless networks based on Bluetooth Low Energy (BLE) 

transmission nodes with an energy harvesting system solution. The results showed the performance of the 

wireless sensor network model toward the solar energy harvesting solution.  

Keywords—Bluetooth Low Energy, Wireless Sensor Network, Energy Harvesting, modern building, Bit 

Error Rate. 

1 Introduction  

Building Energy utilization represents 30% to 40% of 

the worldwide energy interest. With the growing 

population, limiting energy utilization has become 

essential for environmental issues. Even though the late 

research shows that “modern-day building” helped 

reduce energy consumption and carbon emissions [1], 

[2], a huge discrepancy was denoted in building’s 

electricity demands and energy consumption [3]. For 

that reason, today’s buildings are equipped with 

accurate and efficient sensing and communication 

technologies which play an important role in the storage 

and release of energy, limiting the overall energy 

utilization and ensuring the general comfort and safety 

of the habitants [4]. Technologies used for 

environmental monitoring in buildings could be 

described in a large group of sensor technologies with 

different functionalities and levels of complexities, such 

as temperature, humidity, light, carbon dioxide, 

occupancy, and airflow sensors. In addition, various 

communication technologies, such as Ethernet, Modbus, 

BACnet, Power Line Carrier, WIFI, Bluetooth, 

EnOcean, 6LoWPAN, LoRaWAN and Z-Wave are 

essential to complement these sensors. Communication 

technologies and protocols play a significant role in the 

integration of smart homes and buildings. These 

communication technologies guarantee secure and 

reliable communication, monitoring and storage of 

sensor information, data processing and communication 
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in buildings management systems, and the functioning 

of the white goods. Over the last years the wired 

technologies, such as Ethernet, serial communication, 

and local area network were the most useful ones 

because they tend to be more secure, have fast data 

transfer speeds, and tend to be more reliable. Although 

recent literature [4], [5] suggests that wireless 

technologies, such as WIFI, Zigbee, Bluetooth, BLE, 

Etc.. are widely used due to the advances made in speed 

and security. Even though, both of the stated 

technologies have its utility and place in the market, it is 

essential to identify your respective requirement before 

making the choice. 

 

Smart homes and buildings consist of data 

collection, data storage, data analysis, and visualization 

components. Automation actions in the building, like 

fixing the indoor environmental conditions 

(temperature, humidity) according to the user 

preference, turning lights on and off without human 

intervention, tracking home consumable products, 

improving the overall comfort, and making life easier. 

All these processes require collecting data from a 

distributed array of sensors. Wireless sensor networks 

(WSNs) give a potential answer for this issue[6]. WSN 

consist of hundreds to thousands of wireless nodes 

distributed within a geographical area. The wireless 

nodes collect information and supply it to the central 

node for further processing[7]. This large number of 

nodes formed one network. However, applications of 
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WSN in building automation are expected to use a large 

number of nodes, even in simple applications like light 

and shutter switches with not many temperature sensors 

per room will cumulate in around a hundred rooms to 

thousands of nodes within the entire building[8]. 

Implementing these networks in traditional prototyping 

and adjusting is not the right path, rather than network 

simulation and modeling. In this study we developed a 

WSN with an energy harvesting solution using Matlab 

and studied the system’s performance.  

2 Network wireless protocol choice   

The wireless technologies support remote data transfer, 

sensing, and control, to set various levels of intelligence 

in the smart building. The energy efficiency is what 

makes a wireless protocol ideal for use. Most of the 

existing sensing nodes are battery-powered [9]–[15]; 

thus a low power feature is a basic need for building 

energy consumption and economic savings. Therefore, 

the most critical and commercially available wireless 

technologies used in building and forming a network in 

a WSN are Zigbee, WIFI, and BLE. For Zigbee 

(IEEE802.15.4) operates in 2.4 GHz and 900 MHz 

bands, intended to provide low data transfer rate 

(250kbps), low cost, low power networking over a short 

distance (10-100m). so, the Zigbee finds its applications 

in home automation, smart meter, and sensor readings. 

WIFI (IEEE802.11) is the most adopted wireless 

technologies in buildings. WIFI operates in different 

unlicensed ISM frequency bands (2.4GHz, 3.5 GHz and 

5 GHz), provides high data rates (11-1300 Mbps), a 

coverage range typically up to (50-70m) including high 

power consumption and interference challenges 

(overlapping with Zigbee and Bluetooth frequency 

range 2.4 GHz), but the security is the major painful 

obstacle for this technology. By contrast, BLE comes 

out as a good low-power and secure wireless 

technology, with a large coverage range (up to 50m), 

and is easily included in billions of small devices and 

smartphones. These features make BLE technology 

suited for building automation systems applications [4], 

[16]. 

2.1 Related works   

There are several works in which BLE presents the low 

energy consumption compared to other wireless 

technologies in the literature. Karan Nair[6] showed that 

BLE consumes less power during operation and 

connects faster than Zigbee or NRF. Matti 

Siekkinen[17] measured and modeled the energy 

consumption of BLE and compared it to that of 

802.15.4. The findings revealed that BLE used very 

little energy and had a good energy per bit sent ratio. 

Artem Dementyev[18] analyzed the power consumption 

of the Zigbee, BLE, and ANT protocols in a cyclic sleep 

node scenario. The BLE achieved the lowest power 

consumption among them. Elke Mackensen and 

Matthias Lai[19] conducted a study about BLE-based 

wireless sensors systems. They concluded that BLE is a 

promising wireless technology for wireless sensor 

systems, mainly driven by an energy harvester. 

Moreover, it ended with some key features of a BLE-

based wireless sensor system, such as little electricity 

usage, a high data throughput rate, straightforward 

implementation of BLE-based wireless sensors due to 

the good stack support of transceiver companies. 

Zengtao Feng[16] studied the ability to reduce the 

energy consumption of the wireless sensor with 

continuous data collection with a strategy of data 

packaging transmission for BLE. BLE has a huge 

potential in turning into a significant innovation for the 

Internet of Things (IoT), small devices, and smart 

homes, compared to IEEE 802.15.4, which seeks 

support in mobile devices. BLE has a lower energy 

consumption than Zigbee, so it is the best choice for 

home automation applications [20]. 

 

3 Simulation model  

Simulation models in this study were built using 

MATLAB. Simulink presents the best environment for 

multidomain simulation (testing a variety of time-

varying systems) and model-based design [21]. The 

simulation method’s strength is in investigating the 

impact of multiple physical layer variables such as 

signal to noise ratio, channel noise and interference Etc. 

3.1 Bluetooth Low Energy signal    

Bluetooth Low Energy (BLE), Bluetooth 4, or Bluetooth 

Smart is a new technology created by the Bluetooth SIG 

(Special Interest Group) to overcome the power 

consumption limitations of the classic Bluetooth 

technology and for limited communication [22], [23]. 

The system diagram used to generate the Bluetooth Low 

Energy signal is illustrated in fig. 1. 
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Fig. 1. Simulink model of BLE Physical layer. 

 

The transmitter part is designed to collect 62500 bits at 

1 Megabit per second (Mb/s). Those packets are then 

routed to Gaussian frequency shift keying (GFSK) 

modulator with a modulation index of 0.5, there are 100 

samples per symbol, and the pulse length is one bit per 

symbol. GFSK modulator is implemented with a 

frequency hopping mechanism. The purpose of 

frequency hopping over 40 MHz frequency range (RF 

channels of BT LE 40(f=2402+k*2 MHz, k=0,…..,39)) 

is to avoid interference with other devices transmitting 

in the band with a hop rate of 1600 Hz. A random data 

channel between 0 and 36 is chosen to ensure that there 

are no overlapping channels [24]–[27]. 

3.2 WSN model with optimization solution   

 WSN model was built as shown in Fig. 2. The network 

consists of three sensor nodes with a solar energy 

harvesting solution communicating to each other using 

BLE technology which is considered the backbone of 

transmission operation. The three signals are sent from 

the sensor nodes transmitter part to the node’s receiver 

part, the information obtained by receivers are used to 

estimate the BLE performance. Noise and interference 

are added to the signals to simulate the AWGN channel 

effect and measure Bit Error Rate (BER). 

Here is a description of the proposed model:  

The nodes switch section is implemented to decide 

between the three sensor nodes, which one to enable. 

The sensor nodes section comprises three subsystems 

named node1, node2 and node3; each node presented 

the transmitter and receiver sections of the block 

diagram illustrated in Fig.1. The transmitter TX 

converts the baseband information using the frequency 

hopping to the frequency modulated carrier. Contrary, 

the receiver RX decodes and demodulates using the 

same frequency hopping. The frequency hopping code 

is generated using the randi function. 

The block bus creator/selector is used to create the 

output signals from the three nodes, TX1, TX2 and TX3 

and select the transmitted one; in this case, TX1 is the 

transmitted signal. TX1 signal is transmitted over 

additive white gaussian noise channel (AWGN). The 

channel output is the input signal RX for the three nodes. 

RX1, RX2 and RX3 are the received data from the 

nodes. 

In the BER calculation section, the received data RX1, 

RX2 and RX3 are compared to the transmitted data 

generated using the Bernoulli Binary block to analyze 

and check the accuracy of the transmitter and receiver 

communication. 

The solar energy harvesting subsystem is implemented 

in the first sensor node. The output of the energy 

subsystem is transferred to the input sensor node using 

the rate transition block.  

The solar energy harvesting system (SEHS) model as 

shown in Fig.3, is based on the overall system 

description presented in[28], [29]. Pulse Width 

Modulation (PWM) and maximum power point tracking 

(MPPT) control techniques have been analyzed and 

compared. From the comparison of the MATLAB 

simulation results, the efficiency of the MPPT based 

solar energy harvester system is better than the PWM 

controlled system efficiency. In general, a SEHS consist 

of [28]: 

• Solar cell efficiency 

• DC-DC converter 

• MPPT design 

In this study, the SEHS model as shown in fig.3, 

comprises a solar panel module, boost converter, MPPT 

algorithm (perturb and observe(P&O)), PWM generator 

and rechargeable battery. 

The inputs of the PV panel module are solar variable 

irradiance and constant temperature. The output 

generated by the PV module is the PV current; this 

electrical energy is delivered into a DC-DC boost 

converter, which boosts the output voltage. The 

rechargeable battery is charged using the Boost 

converter output voltage. The WSN node is powered by 

the rechargeable battery. Simulation parameters for 

SEHS are presented in Table 1. 
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Table 1. Simulation parameters. 

Parameter value 

Capacitors (C) 1000µF 

Inductance (L) 0.5mH 

DC-DC converter Boost Converter 

Battery type NiCd 

Resistance of inductor (RL) 0.5Ω 

Fig. 2. WSN simulation model. 

Fig. 3. SEHS simulation model. 
 

 

 

 

 

 

 

 

 

 

 

4 Simulation result  

The performance of the simulated system is evaluated 

using a bit error rate (BER) by Monte Carlo analysis, in 
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which the system BER is plotted against the bit energy 

to noise ratio (Eb/No). 

The performance of BLE and SEHS has been made only 

in AWGN channel to see how the BER changes with 

different values of solar radiations to the spectral noise 

density ratio (Eb/No). In Fig.4., the BER comparison 

between different solar radiations values in AWGN is 

given. 

 

Fig. 4. BER performance in AWGN under variable solar 

irradiances 

If we consider the case of a building for which the noise 

power is equal to the fifth of the BLE power signal 

(Eb/No=5, which corresponds to 7 dB point on the X-

axis), we consider a lower BER in the case where the 

WSN is without SEHS. To achieve the same BER, the 

case where WSN with SEHS would have to be 1,5dB 

higher than the case without SEHS. The system is 

performing better in the case without SEHS. 

5 Conclusion  

Optimal energy use is the key factor for sustainable 

building operations. Therefore, the best combinations of 

building envelope materials (adaptive facades, 

intelligent walls), energy saving technologies, and 

optimization based on different climate conditions can 

significantly reduce energy consumption. In this 

context, we proposed sensor nodes in order to measure 

indoor/outdoor building climatic effects. The nodes are 

autonomous and powered by ambient solar photovoltaic 

energy to solve the limited battery energy problem.   

We have simulated three nodes, which correspond to the 

external nodes. The transmission operations consist of   

Bluetooth Low Energy (BLE) technology, and for long 

network lifetime, an efficient solar energy harvesting 

system (SEHS) was added. 

The simulation results come in the form of BER against 

SNR curves. It should be noted that the system 

performance degrades by changing the radiations of the 

SEHS. The communications are affected by different 

inputs of solar radiation. Further work will include 

adding more sensor nodes to the system to reveal all 

possible networking effects. Advanced algorithms could 

be implemented to study how stable and efficient the 

proposed approach is in the BLE communication and 

data transmission.  
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