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Abstract: The adoption of wireless sensor networks (WSNs) for
environmental monitoring is currently considered one of the most challenging
applications for this emerging technology. These set of sensors that
collaboratively perform embedded sensing and communication tasks owned
features such as low cost, flexibility, fault tolerance, high sensing fidelity,
creating many new and exciting applications for remote sensing and space
industry where many essential phenomena have hardly been investigated.
In this paper, a state-of-art survey clearly shows the WSNs have
been successfully implemented and tested in remote sensing applications.
Morevever, the developments and challenges in design WSNs for space-based
application are discussed in order boost the use of WSNs in remote sensing
and space industry in Egypt.
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1 Introduction

The beginning of terrestrial WSNs era, many promising applications for earth
environmental observation are growing. Terrestrial WSN is one of such technology
which consists of a set of tiny distributed wireless nodes that have to collaborate
and cooperate on a common distributed application to monitor or collect data from
surrounding environment and pass the information with different resolution and accuracy
to the base station or fusion centre (FC) for remote user access through various
communication technologies (see Figure 1) (Akyildiz et al., 2002; Hill et al., 2002). The
WSN currently is a solution for many practical problems in environment controlling.
Obviously, WSN is deployed in many regions and used in remote and hazardous
environments where many important phenomena have seriously been examined due to
their inaccessibility. They have emerged as an alternative to remote sensing techniques
which typically composed of a single or a few calibrated static sensors that acquire
homogeneous streams of data in highly controlled environments. The terrestrial WSNs
features such as low cost, flexibility, fault tolerance, high sensing fidelity, make them
suitable for new and exciting applications in remote sensing for monitoring the physical
world over long periods of time and across extended geographical areas. In contrast
to traditional remote sensing techniques, in which data are obtained during overpass
periods, monitoring by WSN is continuous and in real time and complements its data by
providing ground trouthing for validation of satellite and aerial remote sensing (Li et al.,
2016; Mollenhauer et al., 2017). The collected samples may be used to reconstruct the
interested physical phenomenon, referred as the signal or sensor field, in both time and
space. The unmanned aerial vehicles (UAV) can be used as a mobile data collector in
certain situations, e.g., sensor networks at difficult to reach areas (Mazayev et al., 2016;
Trasvina-Moreno et al., 2017). These terrestrial WSNs currently have a large range of
applications of sensor network has become integral part of our life and its research areas
are active at several levels, starting from the component level, the system level and all
the way up to the application level (Iyer et al., 2008). In recent years, many researches
have explored the possibility of extending the use of WSNs from terrestrial applications
to space applications (Barnhart et al., 2007). The development of space technologies,
especially in satellite technology, suggests that space sensor networks which could
provide a new capability to investigate widespread sensing phenomena. There are
several opportunities in cooperation between constellation of small or pico satellites
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to monitor remotely interested regions. Such space sensor network expect increased
mission flexibility and success by distributing the sensing tasks. Unlike terrestrial
environment, the space is hazardous to satellites and spacecraft due to radiation, debris
and the thinning atmosphere (Barnhart et al., 2007; Vladimirova et al., 2008; Barnhart,
2008). The application of space sensor networks has been utilised by applying advanced
technology to space based on small and lightweight satellites with limited power and
transmission capabilities at very low orbits.

Figure 1 The terrestrial WSN architecture (see online version for colours)

Note: Each sensor can make a decision and send it to the FC where decision fusion takes place.

The architecture of terrestrial WSN consists of collection of distributed sensor nodes,
each node can sense, compute and communicate with each other. The sensors can
detect events or changes from environment and provides corresponding data. The sensor
node can either receives message or transmits message and can transmits messages
to a gateway via self-configuration and multi-hop routing. The gateway can use
many ways to communicate with remote network, such as internet and satellite and
more than one gateway may be used for large-scale application. Due to its limited
communication areas the node must use multi-hop routing to access the nodes out
of communication areas. The sensor node comprises of sensor, micro-controller and
RF transceiver and is often driven by a battery or energy harvesting system with
tiny operating systems (see Figure 4). The energy harvesting technology is applied by
utilising external energy sources and harvesting energy from a variety of ambient energy
sources and converts it into electrical energy to recharge the batteries (Zhang et al.,
2017). Balancing energy consumption in the network nodes is another techniqus to
extending the WSN life by searching an optimal network structure (Elhoseny et al.,
2015; Yuan et al., 2017). The optimal structure coverage the sensed reigon using
k-coverage using GA-based model maximise the network lifetime (Elhoseny et al.,
2017). The WSN standards are designed to take into account the scarce resources of
nodes. Two standard technologies are available for WSNs: ZigBee and Bluetooth. The
ZigbBee is most suitable for remote sensing and space applications due to its higher
battery life, higher number of nodes and network flexibility which allowing different
topologies through multi-hop communication (Qingshan et al., 2004). The space sensor
network is based on low cast small or pico satellite technologies with fundamental
payload that provide new distributed sensing capabilities. This satellite node stays in
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space undergoing complex orbital dynamics and required large numbers of satellites
forming a constellation (Barnhart, 2008). These satellites are linked via ground relays
and systems with inter-satellite communications based on standard wireless protocols
(Vladimirova et al., 2008).

Figure 2 Space sensor networks architecture (see online version for colours)

Figure 3 WSNs applications in remote sensing and space domains (see online version
for colours)

Figure 4 Wireless sensor node functional blockdiagram (see online version for colours)

This paper, presented a state-of-art survey shows the recent developments and
applications in the field of sensor networks within the domains of remote sensing and
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space applications as shown in Figure 3. The key contribution of this paper is presenting
the recent survey for the current sensor networks applications from the perspectives of
remote sensing and space industry. Moreover, it emphasise on the importance of sensor
networks in space industry and their challenges. Our main aim is to emphasize and
boost the use of sensor networks in remote sensing, monitoring and space industry in
Egypt. In the remainder of this paper, Section 2 presents the application of WSNs in
agricultures domains. In Section 3 and Section 4, the application of WSNs in marines
and environment monitoring are presented. In Section 5 the applications of WSNs in
space industry are demonstrated with their challenges. Finally, Section 6 concludes the
paper.

2 Agriculture applications

Agriculture is one of the most important filed where WSNs innovation and technology
are used for improving production. The WSNs deliver a new approach of gathering
information from the environment and save the wasted and minimise the use of
resources and produce high yields. Plant conditions are usually committed to faraway
weather stations which cannot provide accurate and local measurements of the
fundamental parameters in each zone of the field. Also, agronomic models, based on
these monitored data, cannot provide reliable information. On the other side, agriculture
needs detailed monitoring in order to obtain real time feedback between plants, local
climate conditions and man’s decisions. Cugati et al. (2003) developed an automated
fertiliser applicator for tree crops. Recently, Di Palma et al. (2010) developed a
system comprised of a self-organising WSN endowed with sensing capabilities, a GPRS
gateway which gathers data and provides a TCP-IP based connection toward a remote
server and a web application which manages information and makes the final user
capable of monitoring and interacting with the instrumented environment. Abd El-kader
and El-Basioni (2013) presented and discussed the use of WSNs in Egypt and the
benefits to use WSN in potato farming, the process will automate the scheduling,
fertilising and planting of potato. This will improve the production and storing process
to avoid disease and harmful fungi especially when old land is used. Coates et al.
(2012) describe sensor network based precision irrigation and problems and challenges
of agricultural water management and how to improve water use effectiveness. WSNs
are used in managing crop irrigation from open canals using water pumps in delta of
Egypt (Hassan, 2013). Qu et al. (2014) developed a WSN system to take automatic
crop leaf area index (LAI) measurements that are suitable for validating the remotely
sensed images. A remote sensing and control irrigation system using distributed WSN
aiming for variable rate irrigation, real time in field sensing, controlling of a site specific
precision linear move irrigation system to maximise the productivity with minimal use
of water was developed by Kim et al. (2008). Recently, fuzzy-based irrigation controller
for tomato is implemented using WSN (Mohandas et al., 2017). WSNs can collect
multi-sensing data including local climate parameters and pest populations to model
agro-ecosystems with higher scalability and flexibility (Chen et al., 2013). The first
efforts of using sensor networks for pests detection in the Sugarcane farms based on
the uses of an acoustic device sensor which monitors the noise level of the pests
and gives an indication to the farmer through an alarm when the noise crosses a
threshold (Mankin et al., 2011; Srivastava et al., 2013). Other studies (Ruiz-Garcia et al.,
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2009; Chaudhary et al., 2011) conducted show that WSN technologies can be used in
the area of agriculture as well.

3 Marine applications

WSNs have recently been considered as alternative solutions for monitoring marine
environments. Where various kinds of sensors are used to monitor and measure
different physical and chemical parameters such as water temperature, pressure,
wind direction, wind speed, salinity, turbidity, pH, oxygen density and chlorophyll
levels (Xu et al., 2014). These systems are used for different water environments (i.e.,
surface, underground) and has a broad number of application areas such as:

1 water quality monitoring (Alkandari et al., 2012)

2 ocean sensing and monitoring (Perez et al., 2011)

3 coral reef monitoring (Bromage et al., 2007)

4 marine fish farm monitoring (Sutar and Patil, 2013).

These application areas require different WSN system architectures, communication
technologies and sensing technologies (Xu et al., 2014). The WSNs has facing
many challenges for marine environment monitoring including oceanographic sensors
protection, advanced buoy design, movement reconfiguring where the sea water creates
environmental conditions which negatively influence the network parameters, such as
breaking up the buoy nodes and sometimes the WSN may need reconfiguring and system
stability and reliability (Xu et al., 2014). Currently, the UAV is used to monitoring
marine environments by collecting data from drifting buoysas primary environmental
sensors, as a data sink and dynamic network router (Trasvina-Moreno et al., 2017).
Monitoring the tempo-spatial variation patterns of water-level is another application
which have their effect on flood control and management (Weng et al., 2017).

4 Environmental monitoring applications

WSNs become an important issue in environmental monitoring such as detect rainfall,
air pollution and weather conditions. WSNs can be used to detect and forecast
forest fire quicker than the traditional satellite-based detection approach. WSN based
fire surveillance systems was designed and implemented. An example WSNs system
developed for forest fire detection based on fire weather index (FWI) system (Hefeeda
and Bagheri, 2007). WSNs used in forest fire detection and monitoring based on
National Fire Danger Rating System, temperature and humidity (Aslan, 2010). WSN
used in measuring temperature, humidity and detect smoke (Son et al., 2006). Another
successful application for WSNs is to detect the marine pollution resulted from the oil
spills. Denkilkian et al. (2009) implement a WSN system for continuous and real-time
thickness measurement and localisation of oil based on the difference in the absorbance
spectral signatures and electric conductivity properties of oil and water. The system
overcomes the traditional methods of remote sensing that are based on synthetic aperture
radar (SAR) and laser fluorosensor techniques, which suffers from many drawbacks,
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such as delayed response, high cost and dependence on weather, lighting, temperature
and sea conditions (Barbosa et al., 2008; Denkilkian et al., 2009). Harchi et al. (2012)
proposed an information system for the oil slicks surveillance using a WSN. As shown
in Figure 5 once deployed on the oil slicks, these wireless sensors self-organise into
distributed sub-networks to collect data and transmit them to a data processing station.

Figure 5 WSN system for oil spill monitoring (see online version for colours)

5 Applications of sensor networks in space

Wireless sensors networks have many applications within the space industry that are
proposed such as:

1 Onboard sensor network

2 Space-based sensor networks (Sun et al., 2010; Xie et al., 2014).

5.1 Onboard WSNs applications

The onboard WSNs have been successfully applied in many aerospace engineering
applications such as structural health monitoring (SHM). The aim of SHM is to
monitor aircrafts and spacecrafts using embedded or attached sensors and to utilise
the data in order to ensure the structural integrity of the aircraft or spacecraft for
defects (Staszewski et al., 2004). Sensors are used to collecting data about the behaviour
of the rocket/space craft when flying, identifying the anomalies in operation (Trojaolaa,
2011). The traditional systems are based on wired connections and, therefore, they are
complex and difficult to route. The power cable and electrical signal cable should be
physically separated to avoid electrical interference (Lappas et al., 2006). Also, harsh
environmental conditions impose physical restrictions on the use of a wire harness.
However, cabling implies high installation and maintenance costs. Moreover, cables
are subjected to wear or breakage which cause the major aircraft accidents and delays
of space vehicle launches. Replacing the physical cabling by wireless connections
also offers significant benefits as regards flexibility, interoperability, mass reduction
and improved robustness. These constraints are pushing the development of wireless
technology for all aerospace applications which present a better option when retrofitting
sensors onto existing aircraft or spacecraft. The use of WSN also enables reduction
in direct costs, maintenance cost and the costs of performing safety re-certification.
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The WSNs consistently reduce the installation, maintenance costs and thus improving
safety and reliability (Rama and Rohit, 2011; Vujic, 2015). Chinese researcher have
applied a WSNs for aircraft strength testing (AST) and its evaluation on a real aircraft
specimen (Wu et al., 2009). As shown in Figure 6, the AST systems consists of a
number of sensor nodes, several cluster head nodes and additional optional wireless
router nodes that help with data aggregation and transmission via wireless multi-hop.
Other WSNs are being developed for monitoring the health of aircraft engines on
commercial and military aircraft as well as on NASA spacecraft (Nickerson and Lally,
2001; Bai et al., 2004). Watters et al. (2002) have been designed wireless system
to monitor the temperature of the space shuttle’s thermal protection systems. The
system utilises radio frequency identification (RFID) technology to determine whether
a temperature threshold has been exceeded. For satellite, as shown in Figure 7, a
simplified illustration shows the key parts in order to ensure the safety of the satellite
system, the candidate wireless sensor nodes are relative-low-data-rate housekeeping
sensors (or satellite health and status data) (i.e., temperature, pressure and vibration
sensors) and relative-high-data-rate ADCS sensors (i.e., sun sensor, star tracker). The
WiSe-Net is an example of a COTS based narrow-band RF wireless sensor network
inside the ISS that applied WSN technology in space (Beestermoller et al., 2015).

Figure 6 WSN-based system for AST (see online version for colours)

Source: Wu et al. (2009)

5.2 Space-based WSNs applications

An advances technologies of small satellite enabling the space sensor network
applications where the satellite sensor network consists of multiple satellites
that deployed by a signal launch vehicle and enable remote observation of
real-time multi-point phenomena. For example, NASA’s Earth science constellation is
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coordinating a number of different satellites into a train-like arrangement to provide
near simultaneous observations of the same area of the earth as a first step of satellite
sensor network (Sun et al., 2010; Xie et al., 2014). The wireless communication between
two nodes in the network will rely on inter-satellite link or intra-satellite link, whose
establishment and stability are affected by the satellite orbit and attitude, antenna
configuration, link range, mobility or the layout of spacecraft. Inter-satellite links enable
the satellites to exchange information and share resources while reducing the traffic
load to ground. Intra-satellite links wirelessly connect a number of onboard sensors or
actuators to reduce wired harnesses and connectors inside a spacecraft. Such networks
are more similar to the terrestrial WSNs because the nodes in the networks have
relatively fixed position and short link range. The network design should furthermore
consider the layout of the satellites, minimum mass, power consumption, redundancy
and data fusion at node and network level which is significantly complex (Jallad, 2008;
Rodrigues et al., 2014). Autonomous formation flying is a good demonstration platform
for satellite sensor network. For example, the PRISMA mission is the first demonstration
of autonomous formation flying with S-band RF-based meteorology at centimeter-level
ranging accuracy (Lestarquit et al., 2006). Using numerous cheaper micro-, nano- or
even pico-satellites in a cluster/swarm for multipoint exploration is a challenging but
very attractive idea. Cluster/swarm can get a large area coverage and unprecedented
high resolution can go to places that are difficult to reach or too dangerous for standard
spacecraft (Verhoeven et al., 2009). The need for a cluster of satellites is to ensure
data can be recorded from multiple payloads at a specific time at various non-specific
local locations. A good example of cluster/swarm in space are OLFAR mission which
will operate as a coherent array of approximately 50 CubeSats within a 100 km virtual
aperture (Budianu et al., 2011).

Figure 7 Onboard WSN to replace wiring harnesses and connectors (see online version
for colours)

Source: Sun et al. (2010)



50 M.E. El-Telbany and M.A. Maged

5.3 Challenges of sensor networks in space applications

The miniaturisation of satellites is the key factor of space-based WSNs in order to
reduce the cost of deployment and on-board communication systems (Sebestyen et al.,
2014). The implementation of space-based WSNs facing many challenges because the
specific characteristics of space environments which are very harsh with temperature
extremes from cryogenic to very high temperatures and pressure from vacuum to
very high pressures. Shock and vibration levels during launch are often high enough
to cause component failures. Another issue will be the certification of WSNs for
flight. This includes the allocation of a frequency spectrum for wireless sensing, along
with the determination RF power levels and FAA acceptance for aircraft use. The
electromagnetic compatibility (EMC) and interference poses a problem for WSNs,
an insensitive technology such as optical communication could be used to overcome
this problem such as infrared (IR) based communication system (Beestermoller et al.,
2015). The electronics must be designed to be tolerant if not hardened against higher
levels of ionising radiation for space applications (Vladimirova et al., 2007, 2010;
Xie et al., 2014). Waste heat from electronics is difficult to dispose of in space when
operating in vacuum conditions which eliminate all convection, leaving only conductive
or thermal radiation methods for heat removal. Reducing the cost associated with
adjusting wireless sensors on aircraft and spacecraft is always a challenge. The WSNs
for aerospace applications must have small volume and mass due to the high costs
associated with launching items to space (Wilson and Atkinson, 2008). Finally, there
are some limitations concerning the photovoltaic utilisation specially in CubeSat, the
energy harvesting sensors play a big role here by extracting power from the surrounding
space environment. There is many techniques to harvest various energies in the space
environment, selection of which should be suitable is application and environment
dependent. Actually, the energy harvesting technologies are still not mature and the
output power and energy conversion efficiency are low. Finally, there is a great need
for standardisation of wireless standards and protocols for future space sensor networks
as well, to ensure interoperability not only for the existing frameworks but also for the
future ones (Wagner, 2010).

6 Conclusions

Utilising WSNs in remote monitor and control applications can bring lots of benefit
for hardly investigated environments. The WSNs have been successfully implemented
and tested in real-time remote sensing applications. The application of WSNs in space
industry is still in its early stages and most WSN-based systems are purely experimental.
Although many challenges still exist in the space, in spite of the shortcoming, it has been
gaining significant attention among researchers and technologists due to its promising
future. The implementation of WSNs in space faces many challenges which must be
investigated before its usage in space domain. Also, there are many topics such as
electromagnetic interference, ionising radiation, thermal dissipation, vibration, shock and
harsh environments must be considered and examined. However, integrating WSNs in
space industry overs many advantages such as:
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1 elimination of cable harnessing which is prone to human errors

2 reduce spacecraft configuration complexity, mass and volume.
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