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1. INTRODUCTION

Wireless sensor network (WSN) consists of several small devices called ‘nodes’. The nodes can
sense, monitor and gather information from their surrounding environment. The collected information will be
processed and sent to the base station through WSN for decision making. The WSN is a low-cost wireless
network that can be rapidly deployed in hard-to-reach places, such as in an underground and underwater
environment. The underground sensor nodes are provided with high transmission power to overcome the
noisy channel attenuation, whereas the underwater sensor nodes are designed to be waterproof and resistant
to moisture and salinity. However, this type of network is constrained by limited battery power,
less bandwidth capacity, limited radio channel and processing capabilities. Therefore, the design of a WSN
depends on the application and the environment to be monitored [1-2].

The WSN is used in diverse applications, such as health monitoring, process monitoring, disaster
prevention and pipeline corrosion detection [3-4]. In recent years, WSN has received interest from
researchers. Reference [5] presented a survey to address the challenges in WSN and to identify the issues that
need to be considered in the implementation of WSN. The most prominent issues include energy saving,
harsh environmental conditions, security and fault tolerance. Reference [6] presented another survey that
discussed different security mechanisms to protect data from attackers. Reference [7] presented a literature
survey on WSN and discussed the reduction of the gap between application and technology by unfolding the
application issues. Reference [8] highlighted the application area for WSN, which was vast in spite of
challenges caused by the power source and node mobility. Our paper presents an overview of WSN, focusing
on its applications. The structure of our paper is presented as follows: Section 2 illustrates the structure of the
sensor node, and Section 3 presents the operation of WSN. Section 4 provides the WSN communication
protocol architecture. Section 5 focuses on the application WSN. Finally, Section 6 concludes the paper.
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2. STRUCTURE OF SENSOR NODE

A sensor node is a small and cheap device that forms a WSN. It consists of four essential units.
The first unit corresponds to a sensing unit that is responsible for gathering data from its surrounding
environment. The second unit refers to the processing unit, in which the gathered data will be processed.
A processing unit is equipped with a memory to temporarily store the processed data. Subsequently,
the processed data will be sent to another neighbor node or base station by the third unit called 'transceiver
unit', which performs the transmitter and receiver operations to provide a communication wireless link to the
sensor node. The fourth important unit is called the power supply unit, which is responsible for providing
power to the sensor node. The advanced technology in power supply makes the use of solar energy possible
to maintain battery power for long life power. Figure 1 shows the sensor node structure [9-10].
Figure 1 shows the structure of sensor nodes.
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Figure 1. The structure of sensor nodes

3. HOW WSN WORKS?

The WSN structure consists of three components, namely, the sensor node, gateway and observer.
Sensor nodes are responsible for sensing and gathering data from the surrounding environment.
Subsequently, these nodes transmit data to the route node based on the routing protocol mechanism to avoid
battery power limitations in the sensor nodes by adopting a multi-hop transmission technique. The route
nodes perform the same function as the sensor node by sensing the environment and transmitting the
collected data to the relay node. The relay node transmits the collected data directly to the base station
(gateway). The gateway provides a connection to the network via the internet. Finally, the aggregated sensed
data are transmitted to the observer (user) for monitoring and decision making in Figure 2 [11].
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Figure 2. Structure of WSN
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4. COMMUNICATION PROTOCOL ARCHITECTURE OF WSN
The communication protocols of WSN must be well designed to preserve sensor network life and
minimize energy consumption. These protocols consist of the following layers [12]:

4.1. Physical Layer

This layer preserves the lifetime of a sensor node by reducing energy consumption caused by
selecting an optimal hop count and transmission power. It is also responsible for increasing the probability of
transmission success by adopting a modulation process.

4.2. Data Link Layer

The data link layer is responsible for using a well-designed medium access control (MAC) protocol
to establish a communication link amongst sensor nodes. MAC protocol must adapt to the topology change
of a network caused by node failure and should preserve battery power.

4.3. Network Layer

This layer ensures that only the target nodes will consume battery power to receive data by using the
sensor protocol for information via negotiation (SPIN). SPIN protocol prevents redundant data and
minimizes power consumption.

4.4. Transport Layer
The transport layer is responsible for establishing a packet loss recovery mechanism, such as
acknowledgment (ACK), to reduce transmission delay and energy consumption.

4.5. Application Layer

This layer is responsible for moving sensor nodes, switching sensor nodes on/off, monitoring data
aggregation rules and reconstructing the sensor network basing on software operation provided by the sensor
management protocol (SMP). Communication protocol architecture of WSN as shown in Figure 3.
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Figure 3. Communication protocol architecture of WSN

5. WSN APPLICATIONS

The WSN is used in a diverse range of application due to its characteristics, such as low cost and
being rapidly deployed in any environment. It is adopted in a region and hardly accessed by observers
underwater or underground. The following subsections describe WSN application.

5.1. Healthcare Applications

A WSN plays a prominent role in the healthcare domain by monitoring the vital signs of patients,
including temperature, blood pressure and heartbeat [13]. The patient is equipped with a wireless medical
sensor that it is wearable or implantable to transfer the information wirelessly to the base station for
healthcare support. Reference [14] designed the wireless body sensor network to form a network and
communicate with patients in the base station. This network also consists of four sensors that collects the
physiological signals from the patient and relays the collected data to the base station. Furthermore, the data
are analyzed by a specialist to provide proper health care treatment. Figure 4 shows the architecture of the
health care system.
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Figure 4. Architecture of the health care system in hospital

The WSN monitors and preserves the life of the elderly, especially those who are living
independently. The acoustic sensor is used by WSN to detect the movement in the room and sent the
monitored information to the control center. The caregiver will provide health care if something happens to
the patient. Also, most of the elderly people are suffering from chronic illnesses. Therefore,
remote healthcare is required to continue monitoring the patient’s daily activities. WSN is suitable to be used
for collecting the vital signs of the patient. Thus the patient is sent to the specialist for observation. Lastly,
WSN is a suitable solution to provide a real-time monitoring of patients’ health at their homes and to provide
them with the appropriate health care to avoid traffic jams and waste of time in urban cities [15].

5.2. Transportation Applications

The rise of vehicles on the roads due to population growth requires an intelligent monitoring system
to reduce traffic congestion, exhaust emissions and fuel consumption. WSN provides a transportation system
to monitor the roads by fixing sensor nodes on roads and vehicles. The sensor nodes gather information,
including traffic flow, speed and vehicle direction and weather condition before sending it to the base station
for processing and analysis. The vehicles are equipped with portable laptops to observe information from the
drivers to avoid traffic jam and accidents.

In public transportation, the arrival time to work is crucial for people who use public transportation.
The WSN provides real-time information for the passengers at the bus station regarding the departure and
arrival time, previous station location and bus location by fixing a sensor node for every bus to monitor its
direction. WSN also ensures that the vegetables and fruits from rural arrive to urban areas in a short time by
avoiding road congestion [16].

In addition, WSN provides intelligent parking management. Magnetic sensor nodes are installed on
every parking slot to monitor the entrance and exit of a vehicle and send the parking information to the base
station. A sensor node on a vehicle obtains the parking information from the base station and informs the
driver about the available parking space and location [17]. Recognition is important, especially in terms of
security, through the identification amongst images, such as car pictures and images of languages, databases,
signatures and others [18-20]. Therefore, integrating image recognition techniques with the application of the
image sensor node of the wireless network is possible in forming an integrated system that contributes to the
integration of new wireless sensor networks, as well as identifying the images distributed within the network
and distinguishes them from the rest of the images [21-25]. Transportation application of WSN as shown in
Figure 5.
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Figure 5. Transportation application of WSN
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5.3. Industrial Applications

WSN plays an important role in the industrial field by monitoring the manufacturing process at the
production line, minimizing potential errors, predicting deterioration of the devices and scheduling
algorithms for this application and others due to its significance for optimizing a real-time performance based
on global information. [26-30]. In Pakistan, an industrial wireless sensor network has been utilized by [31] in
the crockery industry unit. This industrial unit consists of two parts of dyes that are joined together by
hydraulic pressure. The raw material poured on the lower dye and transformed from powder to solid after
being heated, and the waste material stick out across the spillway. A pressure sensor is fixed on the spillway
and sends signals to the control unit to prevent a bubble in the product by controlling the dyes open and close
to kicking out the air between them. WSN reduces the financial loss and the need for experimental worker.

In structural monitoring, WSN is used to monitor the cracks in buildings to prevent collapse from
taking place. WSN has also been established in Golden Gate Bridge in the USA to monitor the effects of
wind and earthquakes on it by fixing multiple sensor nodes to gather the monitoring information and compare
them with the ambient surroundings [32]. Furthermore, the water supply company has adopted WSN to
monitor and control the water consumption by attaching a wireless vibration sensor to the pipes. The user can
also observe the sensing information for rationalizing water consumption. The leaks in the pipelines can also
be detected by WSN [32].

5.4. Environment Applications

WSN is used in a different type of environmental monitoring applications. The data gathered from
its surrounding environment are observed to detect flood, earthquake, volcanic eruption and air pollution.
For example, WSN was implemented on Great Duck Island to monitor the habits and activities of birds and
activities during climate changes by distributing sensor nodes on the island. The aggregated data were sent to
the base station through the gateway to analyze the living habits of the ducks. Monitoring the Volcan
Revendator is another example for the application of WSN in environment application. The acoustic sensor
nodes collected seismic data and sent it via radio link to a base station to monitor the volcanic activity in
Figure 6 [33-34].
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Figure 6. VVolcano Revendator monitored by WSN

Air pollution monitoring has taken the biggest interest from most governments of the world due to
the expansion of population and factories to provide a livable environment. Traditional networking is more
expensive and restricted to a small geographic area. A WSN is established to monitor the air pollution of a
long-distance area by using gas sensors that are equipped with radiofrequency. The gas sensors, such as CO2,
CO and NO2, are measured and sent the collected information to the base station for observation and
decision making [35].
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6. CONCLUSION

WSN is a low-cost wireless network that can be rapidly deployed even in hard-to-reach places, such
as underwater and underground environment. To understand the mechanism of this network, we presented
the structure of the sensor node that is essential in the construction of WSN and its working and
communication protocols. Furthermore, this paper reviewed the application of WSN in different domains
using realistic examples that highlighted its importance.
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