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Abstract -The paper is concerned with the applications of Wireless
Sensor Network (WSN) technology for large scale and long dura-
tion environmental monitoring. Weiillustrate here the technological
difficulties and challenges that have been encountered in meeting
end-usersrequirements for information gathering. The main aim is
to provide greater reliability and productivity to influence the de-
sign choices of system hardware and software. WSN technology can
be used for various large scale monitoring purposes, providing sen-
sor measurements at high resolution. This technology, therefore,
provides various information regarding different monitoring appli-
cations such as forests, waterways, buildings, security, agriculture,
battlefield etc. Wireless Sensor Networks (WSNs) can also perform
operations such as event detection, aggregation, sensing and actua-
tion. We conclude with the discussion of long-term environmental
monitoring using WSN technology. Considering future challenges
and opportunities our objective is to provide the applications of
WSN technology in the field of environmental and agricultural
monitoring.

Index Terms —Environmental Monitoring; Wireless Sensor Net-
works (WSNs)

[. INTRODUCTION

Wireless Sensor Network (WSN) is an instrument fo

gathering information about the natural world. W&§hnology

introduced a low-cost, low-power featured hardweoesisting

of rich microcontrollers, storage memory, power@ypsingle-

chip radio transceivers, one or more sensors arsbtime cases
an actuator. Environmental monitoring needs sonohnieal

requirements such as high level of system intemmatperfor-

mance, reliability, productivity, accuracy, robusss, flexibility

etc.

System integration means creating an end-to-estesy
that delivers data to an interested user. Perfocmamd relia-
bility of a node refers to its power source, ralilis, overlying
protocols, and reliability of the application angleoating system
software. Lack of performance leads to gaps ind#@ record,
negating the claim about high temporal precisiord encorrect
data lead to a lack of trust and confidence insystem [1]. The
network has to perform simple and predictable dpmrs, to
prevent unexpected crashes. Accuracy and calibradfothe
system are also of the key concerns. Batteries ipeisible to
power the weather stations during the whole depttrbe-
cause the radio transceiver is a massive energyucogr. Ro-
bustness relates to the network that must accama flot of
issues such as poor radio connectivity or hardaiheres. We
must be able to quickly add, move, or remove statiat any
time depending on the needs of the applicationgn&umain-
tenance should be avoided, first, because end osgrsiot have
networking knowledge, second, because areas ofebitere

most often remote. And also we need to lead an asiplover
the cost and productivity of the system [3].

II. WSN ENVIRONMENTAL MONITORING

Environmental monitoring applications can be bipad
categorized into indoor and outdoor monitoring.dodmonitor-
ing applications typically include buildings andioés monitor-
ing. These applications involve sensing temperatlight, hu-
midity, and air quality. Other important indoor éipgptions may
include fire and civil structures deformations @éten. Outdoor
monitoring applications include chemical hazardadesection,
habitat monitoring, traffic monitoring, earthquakietection,
volcano eruption, flooding detection and weatheredasting.
Sensor nodes also have found their applicabilitagniculture.
Soil moisture and temperature monitoring is onethaf most
important application of WSNs in agriculture. Omytdoor en-
vironmental monitoring will be considered in think.

The WSN architecture consists of a Reduced Intstruc
Set Computer (RISC) microcontroller with a smalbgnam and
data memory. An external flash memory can be uggqutdvide
secondary storage. Two approaches have been adimptéue

rdesign of sensing equipment. The first approacls aseensing

board that can be attached to the main microcdetrdloard
through an expansion bus. Usually, more than omebea at-
tached. Other boards only have I/O (input-outpuhnectors
and can be used to connect custom sensor to thebuoard. In
the second approach, the main board also inclutesénsing
devices. The sensing devices are soldered or canobated if
needed [2].

Here, we have used the Atmega 128 processor, 2igh
KB flash memory, 4 KB RAM, and a stream-based Nordi
nRF903 radio transceiver of 433 MHz, providing 7@/« chan-
nel and a range of 500m using quarter-wave antefmaboard
includes power supply, solar charging circuit, ashsing for
on-board temperature, battery voltage, and chargimgent [1].
Battery, solar cell, serial, and analog and digttainsducers
could be connected using just a screwdriver- n@esjpn board
was required. The BMAC protocol is used here anaydiS
operating system is used which is the most used sperce and
freeware WSN operating systems. In addition thes@enodes
are provided with the cameras attached to, it fwea the im-
ages of the key locations. This deployment hadedaisew chal-
lenges to routing and network topology.
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Fig.1 Wireless Sensor Network Architecture
lll. APPLICATIONS

In this paper, we discuss the wireless sensorar&tap-
plications that have been introduced over pastysars, the
technical challenges they faced and what we haamndel from
them. These applications follow a common theme:etstdnd-
ing the natural and agricultural environments. Thisludes
monitoring of farms and rain forests, cattle moriitg, agricul-
tural monitoring, water quality monitoring, volcaneruptions
and earth-quake monitoring etc. Our design chaaoektechnol-
ogies were made in accordance to meet the diffetestenges
presented by each application.

A. Cattle Monitoring

We organized a network for research at a farm &60€r
km from our lab. The first phase of our project e®vthe posi-
tions of cattle over time, and soil moisture afetiént points in
the farm. Soil moisture measurement shows how guithe
pasture will grow and hence how many animals reguer unit
area. The information from static and mobile nodes con-
veyed to the base station and then over the irttéona remote
server. The cameras that attached to the senses matiodical-
ly capture the images of key locations at the fafime Fleck
nodes were built into collars that were worn by tadtle and
these nodes was specialized for animal trackindjcgijons [1].

B. Ground Water Quality Monitoring

For this purpose, we developed a relatively smal-
work, located 2000 km from our lab. Its purpose ¥eamonitor
the salinity, water level, and water extractiorerat a number of
bores. This is a coastal region where over extractif water
leads to saltwater intrusion into the aquifer [1].

C. Lake Water Quality Monitoring

The purpose of our project was to measure verterak
perature profile at multiple points on a large watorage that
provides most of the drinking water for the citheldata, from a
string of temperature transducers at depths fram@m at 1-m
intervals, provide information about water mixingthin the
lake which can be used to predict the developménalgal
blooms. Low-power wireless communications over wateved
to be a challenge due to multipath as radio wae#eated from
the water surface destructively interfere with waveaveling
directly. Interfacing a robotic boat to the staténsor nodes was
another challenge. The network comprises floatemser nodes
and a custom expansion board for the one-wire testyre
transducer string. The node is mounted on an aedhfioat,
along with a solar cell and a high-gain whip antenfhe most
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novel element in this network is a solar-poweredotic boat.
Navigation is by GPS and depth sounder, and a sughaser
range-finder mounted high and looking forward diet@bstacles

1.

D. Rainforest Monitoring

The major initiative is to provide reliable, longrin
monitoring of rainforest ecosystems and also mainigo the
restoration of biodiversity. The first phase of theject con-
cerned with the long-term, low-power WSNs in ranefst envi-
ronment. As the solar energy was very limited, vae ko first
quantify the performance of current WSN technolagyprder
to develop the network and energy management mistae-
quired for robust and reliable performance of ldegn rainfor-
est networks. We implemented a low-power MAC protpto
help meet the power budget. The nodes used thé Bleards
and environmental housing as shown in Fig. 2. Aarasexpan-
sion board was built to interface to the many tdagrs: wind
speed and direction, leaf wetness, soil moistueaperature,
and relative humidity [1].

Fig.2 Wireless sensor network at the Springbrook.

E. Volcano Monitoring

A different type of extreme environment is targeitethe
volcano monitoring system. In this applicatioNSNs are
equipped with low-frequency acoustic sensors to itapmwol-
canic activity. While traditional systems involvémtal storage
of data, which thus required a manual collectiorihaf sampled
data for further processing, tNéSN-based system allows real-
time monitoring of the activity over wireless linka addition to
the continuous monitoring of the volcanic activitlye research-
ers implemented an event-detection mechanism taceedhe
amount of data which had to be communicated ancegszd.
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1) Earthquake or eruption occurs
2) Nodes detect seismic event

3) Each node sends event report
to base station
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Fig.3 Wireless Sensor Networks for Volcano Monitgri
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IV. CHALLENGES FOR ENVIRONMENTAL WIRELESS
SENSOR NETWORKS

Although, extensive efforts have been done, thezestl
some challenges that need to be addressed. Powwaagement
is essential for long-term operation, especiallyewlt is needed
to monitoring remote and hostile environments.dmis of sca-
lability, a wireless sensor network can accommodabeisands
of nodes. Systems installed on isolated locatiaarmot be vi-
sited regularly, so a remote access standard miooecessary
to operate, to manage, to reprogramming and toigunef the
WSN, regardless of the manufacturer. The WSN neddtome
easier to install, maintain and understand. Theagt capacity
and redundancy can be increased by adding nodbs system.
Increasing the storage nodes and configuring themapture
overlapping areas of the sensor nodes ensurethtratare mul-
tiple copies of the data, thus providing redundaincgase some
of the storage nodes fail. Reducing the size isrg&d for many
applications. Battery size and radio power requeets play an
important role in size reduction. Producing cheapiable, and
disposable sensor platforms is also a big chall§2ge

V. CONCLUSIONS AND FUTURE WORK

In this research work, a survey on EnvironmentainM
toring using Wireless Sensor Networks and theihtetogies
and standards was carried out. Some of the mastaed envi-
ronmental monitoring projects with real deploymewesre ana-
lyzed and the conclusions used to identify the lehgks that
need to be addressed [2].

Wireless sensor networks continue to emerge asha te

nology that will transform the way we measure, ustind and
manage the natural environment. For the first tidega of dif-

ferent types and places can be merged togetheraecessed
from anywhere. Some significant progress has beadenover
the last few years in order to bridge the gap behndeoretical
developments and real deployments, although availdesign
methodologies and solutions are still relativelymiature. As a
consequence, widespread use of WSNs for envirorahenb-

poses is not yet a reality.

Future work inWSN energy management should include

further investigation into node platforms, the Inaiag of un-
equal energy distributions and long-term behavistabies of
systems in real-world deployments. Additionallye firoblem of
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unequally distributed energy availability should &édressed.
Finally, long-term studies of systems at the deplent stage
might provide data, relating environmental conditido system
behavior. Energy-efficient self-monitoring mechamésare ne-
cessary in order to allow these studies withoutegessarily
influencing the system lifetime.
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