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Abstract 
A wireless network containing small interdependent sensor nodes is called WSN (wireless sensor network). WSN has touched our daily 
life and is getting developed day by day, and is one of the emerging technologies which combine sensors and tiny embedded devices over 
a wireless communication medium nowadays.  In this paper use wireless data transmission. DHT11 sensor collects the temperature and 
PIR Motion Sensor of the surrounding environment for monitoring temperature and the motion for scientific departments at the college 
of electronic technology - Bani Walid. Overall system architecture of the WSN system comprises of the base station, sensor nodes, 
PC/Laptop, and the links, this project proposes The data that is measured by these sensor nodes is sent to a base station using RF module 
nRF24L01 (radio frequency) communication node to node temperature transmission system with Arduino Uno platform that has 
ATmega328 microcontroller as the core of the system. The system has five nodes with the master node tasked with controlling the 
network traffic across the network and sending commands to identified slave devices. The rest of the four slave nodes having unique 
address values are the ones that receive the message from the master node for the execution of the necessary tasks. 
 
Keywords: Wireless sensor network (WSN), nRF24L01 (radio frequency), Arduino, temperature sensors, motion sensors. 

1. Introduction 

Wireless sensor network (WSN) has been developing rapidly during the latest decade. Computer science, automation 
technologies, radio frequency (RF) technology, electronics and other related techniques have contributed extensively to the 
development of WSN technology. Generally, a wireless sensor node is a device equipped with at least microprocessor, radio 
transceiver, memory, power source, analog-to-digital converter (ADC) and one or multiple sensors. Wireless sensor 
networks are wireless networks composed of sensors, which monitor surrounding condition as one system. These sensors are 
implemented by using microcontroller, transceiver, etc. Sensor nodes are installed in the surrounding environment to 
monitor specific environmental parameters and pass the collected data to the base station. Thus, WSN enables access to 
harsh places or environments where are impossible to set up the cables. Consequently, it is quite suitable to apply a wireless 
sensor system to obtain reliable data from the wireless network for the purpose of monitoring and control. Sensor nodes 
abilities limit depend on factors like power, processing power, storage and communication capability. Information collected 
by nodes are sent to the base station by unsecure means. Securing the transferred data from outside attacks is a tough task. 
This is due to the nature of wireless broadcasting, limited resources and remote area of deployment. Wireless security can 
be obtained by authentication, cryptography or key management. The goal with this paper is to is to design and build a 
wireless sensor network. The core objective is to design a system that enables remote control and monitoring of temperature 
readings from different areas through a wireless network.  

2. Prototype Development 

For this prototype implementation, the temperature sensors and motion sensors were located physically in four different 
locations inside a building of the scientific departments at college of electronic technology - Bani Walid. Sensor 1 as master 
base station (base node) was located on a department of communication engineering and four slave’s sensors nodes 
01,02,12 and 22 was placed in department of oil and gas engineering (T1), department of control engineering (T2), 
department of IT engineering (T3) and training center (T4), Figure 1 shows the locations of the master and four sensors 
slaves inside the building. The system will not only be flexible but also powerful in offering the service at all times and from 
any location where the constraints of the technologies apply. 
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Fig. 1 Layout of the CET-BW building showing the location of the four temperature and motion sensors. 
 
A sensor node is comprised of Arduino UNO board, number of sensors, and a nRF24L5f01+ radio transceiver module. The 
base station coordinates the network system, it comprises of Arduino UNO board, and use the same radio module as the 
sensor nodes, to support remote access and administration of sensor nodes. To access the sensor nodes and the data from the 
outside world, an Ethernet Shield is mounted on the Arduino UNO board. Alongside the web services, the LCD display and 
the Arduino software serial monitor are made available for remote monitoring. The network system designed in this project 
can be used for small-scale environmental monitoring. The system forms a star network in which each sensor node is 
connected to a central node (the base station), as shown in Figure 2 (a). An advantage of this star topology is the simplicity 
of adding additional nodes. The primary disadvantage of the star topology is of a single point of failure. For example, the 
whole system fails when there is failure on the base station. Figure 2 (b) shows how the sensor node was designed. 
 

 
                                            (a)                                                                                          (b) 
 

Fig. 2 (a) The network system design, (b) Schematic drawing of the sensor node. 
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3. Experimental Results 

A base station (base node) and four sensor nodes were experimented in this work. Depending on the software, 
you can restrict the number of sensor nodes needed in your network. The software developed in this project 
provided needs for identification of a maximum of five sensor nodes. This limit was just for experimental 
purposes. Theoretically, the network can support up to 65,536 possible nodes, which is only limited by the 16-
bit nodes network ID. An assigned sensor node network ID must be recognized by the Base receiver node in 
order to synchronize and process its data. The base station is considered node 0 is department of 
communication engineering, a 16-bit network example, sensor node 01 is department of oil and gas engineering, 
sensor node 02 department of control engineering, sensor node 21 department of IT engineering and sensor 
node 22 training center. The experimental setup of this experiment and some results are as depicted in Figure 6.  

In the first experiment we build two sensor motes and test our NRF24L01 wireless modules radio signal ranges 
for data transmission. One of these modules work in a sender and the other one works in receiver mode. Radio 
signal test are done in two different scenarios. In the first scenario range test are done in open area without any 
obstacles. Two sensor nodes are used for this test. One of the sensor nodes work as a sender and the other one is 
in receiver node.  

The NRF24L01 modules can transmit data up to 75 meters in open area tests. In the second scenario we test the 
RF modules in a closed place, its range is highly reducing and the data cannot be transmitted far than 25 meters 
behind 50 cm concrete wall. The signal strength reduction is too much which means you cannot place sensor 
nodes far than 25 meters between them that makes our sensor network coverage in a 50m diameter circular area. 
This range is not enough for wide area environment monitoring applications. In order to widen our RF signal 
coverage area of our network we need to implement multi hopping wireless sensor networks. In the second part 
of our experiment a multi-hop wireless sensor network is implemented to cover wide areas. In order to achieve 
this issue, the radio transceiver plus antenna is added into sensor base station network. For wireless 
communication the 2.4GHz nRF24L01(+) radio transceiver IC, that operates within the ISM band. 

The transceiver IC integrates a RF synthesizer, and baseband logic including the Enhanced Shock Burst 
hardware protocol accelerator supporting a high speed SPI interface for the application controller. The chip has 
the SPI clock speed of up to 10 Mhz. The 2.4GHz wireless nRF24L01(+) module used has a powerful 
transmission/reception capability, making use of the power amplifier (PA) and the low noise amplifier (LNA) 
full two-way enhanced power capability. The PA control is used to set the output power from the RF 
Transceiver power amplifier (PA). The power range from 0dBm to -18dBm in the transmission mode. The radio 
is capable of three air data rate mode 2Mbps, 1Mbps, and 250Kbps. With 2dB Antenna and data rate of 
250kbps, the transmission distance can be up to 1km meters(3000feet) in open area, about 750 meters with 
1Mbps data rate and about 520 meters with 2Mbps data rate. Actually, the transmission range is very much 
dependent on the situation. Its range is more in open area than indoors. In indoors, it range is effected by other 
materials like walls. The radio uses RF channel frequency for its communication with other radio chips. The RF 
channel frequency determines the center of the channel used by the RF Transceiver. The channel occupies 
bandwidth of 2MHz, 1MHz, and less than 1MHz for data rate 2Mbps, 1Mbps, 250Kbp, respectively. The 
resolution of the RF channel frequency setting is 1MHz. The 2Mbps data rate occupies a wider bandwidth than 
the resolution of the RF channel frequency setting. This pose an addition constrain to ensure non-overlapping 
channels in 2Mbps mode, which must be 2MHz or more. At 1Mbps the channel bandwidth is the same as the 
resolution of the RF frequency setting. The 1MHz air data rate was used in this project. To be able to 
communicate, both this data rate and the corresponding RF channel frequency must be programmed on the 
transmitter and receiver. The Wireless sensor network schema is given in the Figure 3. 
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Fig. 3 Experimental setup and sample results of the overall network system. 

Figure 3 shows data received at periodic intervals from the sensor nodes. four nodes are shown with their node 
IDs labeled on them for identification. The base node communication with the sensor nodes can be seen 
synchronized at different times indicated by the LEDs. The picture at the moment shows an active 
communication between the base node (Node 0) and the sensor node 1. After some few seconds sensor node 01 
will stop transmitting and later the base node starts communicating with sensor node 02. During communication, 
the received data are shown on the LCD Display, on the PC via the serial monitor, and as Web page in the PC 
browser. These all showed the same data received at the base station from the sensor nodes. 

Three LEDs were wired on the slave’s nose. LED1 to indicate when increase temperature (green LED) and 
LED1 to indicate when for motion sensor (red LED) synchronized with the transmitter node and LED3 is set to 
blink when the battery is bad and needs to be recharged. Like the base node, the sensor nodes included an LED 
that acted as an indicator to indicate whether data was sent or successfully synchronized with the base station 
receiver. 

3.1 Sample data from Web page temperature Monitoring 

The web page was regularly updated with the received sensor data. Figure 4 shows the type of sensors and the 
data they provided in this project. The browser was made to refresh every 5 seconds so that newly received data 
from the Web page could be seen on the browser. In this system, an alarm is detected when temperature limit up 
to    33o C. 

 

 

Fig. 4 Display showing sample data received from sensors nodes. 
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Figure 5 shows sample web page on the web browser of the received data from sensor nodes 01, 02,12, and 22. 

 

 

 

 

Fig. 5 Web page sensors data from sensors nodes. 

The LCD is programmed to display sections of the received sensor data at different times. Figure 19 shows of 
the data received from sensors Nodes 01,02,12 and 22 at the time showing temperature reading from the sensors, 
department of oil and gas engineering (T1 = 22 o C), department of control engineering (T2 = 21 o C), 
department of IT engineering (T3 = 22 o C) and training center (T4 = 22 o C), the battery voltage at this point 
as percentage is V = 90%. This reading will last for 5 seconds, cleared and the other segment of the received 
data will be displayed. This process is repeated for the different sensor data received as shown Figure 6. 

 

 

 

 

Fig. 6 Display showing sample data received from sensors nodes. 

If somehow temperature increases more than 33 o centigrade as shown Figure 7 the all sensors the temperature 
increase at 35 o and 34 o centigrade, department of oil and gas engineering (T1 = 35 o C), department of control 
engineering (T2 = 35 o C), department of IT engineering (T3 = 34 o C) and training center (T4 = 35 o C) 
webserver generates an alarm. Which is shown in LCD as Figure 8. In this case, an alarm was detected when 
temperature limit (33 °C). then will be the condition air in the room are ON automatically until the temperature 
decreases less than 25 o centigrade. 
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Fig. 7 Web page sensors data from sensors nodes (35o and 34oC). 

 

Fig. 8 Display showing sample data received from sensors nodes (35o and 34oC). 
 
If somehow temperature increases more than 33o centigrade as shown Figure 9 the sensor 01 and sensor 02 the 
temperature increase at 35o centigrade, department of oil and gas engineering (T1 = 35o C), department of 
control engineering (T2 = 35o C), webserver generates an alarm. Which is shown in LCD as Figure 10.  In this 
case, an alarm was detected when temperature limit (33°C). Then will be the condition air in the room are ON 
automatically until the temperature decreases less than 25 o centigrade and other departments the temperature 
decreases less than 25o centigrade as department of IT engineering (T3 = 22 o C) and training center (T4 = 22 o 
C), then will be the condition air in the room are Off automatically until the temperature increases more than 
33o centigrade. 

 
Fig. 9 Web page sensors data from sensors nodes 01 and 02 (35o C). 
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Fig. 10 Display showing sample data received from sensors nodes 01 and 02 (35o C). 

4.2 Sample data from Web Page Motion Monitoring 

    If any motion in the room as shown Figure 11, then webserver generates an alarm. Which is shown in 
LED to indicate when for motion sensor (red LED) synchronized with the transmitter node as Figure 12. In this 
case, an alarm was detected when any motion. 

 

 

 

Fig. 11 Display showing sample data received for motion monitoring. 

Fig. 12 Web page sensors data from sensors nodes for motion monitoring. 
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5. Conclusions 

In this research and development paper, we have presented a wireless sensor network system that is based on 
the Arduino platform. It utilized the Arduino open-source software. Five nodes (the base node and four sensor 
nodes) were deployed with a possibility for more nodes, each used the nRF24L01+ for its radio. The project 
focused on using the 1-Wire sensor types. For this purpose, we used four DHT11 Temperature sensor to take 
different temperature readings and four PIR Motion Sensor to detect any motion, we designed in addition, a 
voltage sensor circuit which worked accurately for the purpose of monitoring the battery level, and providing 
information when to recharge or change the battery. Data sent from the sensor nodes were successfully received 
at the base station, reported to the LCD display and serial monitor, and retrieved from Arduino Web server to a 
Web browser, thus makes the system scalable and flexible. Overall, a low-cost dynamic wireless sensor network 
system was in effect. 

The nRF24L01 nodes were designed and tested to check their functionality. An Attiny85 microcontroller was 
used to design the sensor nodes and at the base station. These microcontrollers are programmed in C with 
Arduino UNO. The signal received from the sensors is converted from analog to digital by the Attiny85 
microcontroller and delivered it to nRF24L01+ where it is sent by the radio. The communication between base 
station and PC is established by a USB connection. 
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