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EQapoyeC acupuatwy OLKTUWYV aloBntnpwy

* MoAAec ol epappoyec Twv WSN. Karmoleg eival $ouTOUPLOTKEC EVW
EVOLC LEYAAOC apLOOC ELVOLL TIPOKTLKA XPNOLUOC

* Mapadelypata: — environment monitoring, target tracking, pipeline
(water, oil, gas) monitoring, structural health monitoring, precision
agriculture, health care, supply chain management, active volcano
monitoring, transportation, human activity monitoring, and
underground mining

* Qo oU{NTNOOUE KATIOLEC EPAPOYEC EVW AAANEC TLC TIEPLYPAPOUE UE
AEmTOpEPELA
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* 311G 2 Auyouotou 2007, pua yedpupa Katappeuoe atnv oAn tng Minnesota peoa
oto Muoloounr okotwvovtag 9 avBpwrouc.

* H eritponn 6ev punopece va mpoodLloploeL TNV aLTtiol TOU ATUXAMOTOC OUWE EOwOE
tpeig baveg attieg: POopa AOyw XpHoNG, KAKEG KALPLKEG CUVBONKEG Kol eMidpaon
LLOLG KOTOLOKEVALOTLKIG EPYOLOLAG TIOU TIPAYHATOTIOLOUVTOV KOVTIA OTNV TIEPLOX).
AOYW TNG KOTAOKEUNG OL 4 oo TLG okTw Awpldeg kukAopoplag eixav KAeloeL otav
OUVERBN To atuxnua

* Avo eBbdouadeg apyotepa — otig 14 Auyouotou 2007 — KATAPPEVOE pLo AAAN
védupa o€ eva SNUOPIAEG TOUPLOTIKO KEVTPO otnv Kiva, otnv Fenghuang,
okotwvovtac 86 avBpwrouc. Tnv Lo pepa, to BBC avepepe otL n Kiva
Tovtonoinoe neplocotepec amo 6000 yepupeg we emikivOuvec.

* Kata tn SlapKela autwyv Twv yeyovotwy, To Associated Press (3 August 2007) kat
to Time (10 August 2007), dnupogicue apBpa ta onota ntovoav tn xprion WSNs
yLa tnv mapakoAouBnon yedpupwv Kol AAAWV KOTAOKEVWV.
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* OLyvedupec mapakolovBouvtal og SLaPOPETIKEC PACELC KOL OF
Stadopetika emntimeda (Koh and Dyke 2007):
1. OT['ELKI"] napaKo)\o()Gnon n omoia npavuaronouzitat carried amo
TEXVLKOUC ouvtnpnonc Spouwy, ouvnewq KOBe uepa
2. Baowkn napaKo)\OUGnon n omolia npavuaronmeaat TOUAAQXLOTOV
Lot Gopa TO XPOVO OTO TOUC TOTILKOUC EAEYKTEC TNC vecbupaq
3. Aenttopepnc mapakoAouBnon, TouvAdxLotov KABe EVTE Xpovia armo
nePLPEPLAKOUC EAEYKTEC YEDUPWV
4. ELOkol eAeyyou armo vPnAd e€ELOLKEVLEVO TTPOOWTILKO KOl
EPEVVNTEC AVAAOYQA LLE TAL ATTOTEAECHUOTA TNC AETTTOUEPOUC
nopakoAolBOnong
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* Hrmpwtn pdaon anottel Eviovn XELPWVOKTLKA epyacia eival acuvemrg kat urtokelpevikn (Koh and Dyke
2007), evw oL UTLOAOLTIEG OTTOLTOUV £EELSIKEVEVA EpYOAELa TO oTtola Elvat cuvrBwg akpLBa, oykwdn Kot
KATOVOAWVOUV HEYAAQ TTOOA EVEPYELQG.

* JUVETIWG N aVATTTUEN OLUTOUATOTIONHEVWY, ATTOSOTIKWY Kot $ONVWY TEXVIKwY TtapakolovBnong eivat pia
EVEPYI EPEUVNTLKI TIEPLOXN

* OLTteXVIKEC TapakoAoVBOnong Baolopueveg os epyaleia (tool based inspection techni(}ues) HrtopoUV XovopLka
va katnyoplomotnBouv o€ torikeg (local) ko og kaBoAikeg (global) (Chintalapudi et al. 2006)

* Oi TOTUKEG TEXVIKEG EGTLALOUV OTNV OVIXVELON AVETALOONTWY OGOAPATWY OE pLa TIOAD £EELBLKEVEVN
TLEPLOXI TNG KATOKEUNG. AUTEG OL TEXVIKEG XPNOLUOTIOLOUV UTIEPNXOUG, OEPULKEG TEXVLKEG, OKTIVEG X,
HOYVNTIKEG KOLL OTTTIKEG TEXVIKEG OAAQ amtatouv TTIOAU XpOVO Kal TN SLOKOTTA TNG KAVOVLKNG AElToupyiag tng
KOTOLOKEUNG

* O KOBOALKEG TEXVLKEG TtapakoAouBNonG avixvelouv {NULA 1) EAGTTWHO TO OTOLO Eival APKETA HEYANO WOTE
VaL ETINPEACEL OAN TNV KATAOKEUN

* Epdaveic aAAayeg OTIC KIVAOELG TWV OTNPLYHATWY, KIYKALSWHATWY, ppayuaTwy, TIUPYWV, CUVOECUWVY KATT

e OLTEXVIKEC aUTEC Bewpouvtal we Eva avtiotpodo mpoPAnua, dSnAadn n kataotaon tng Soung kabopiletal
oTn PAon TNG AMOKPLONG O€ Eval EEWTEPLKO €pEOLOpAL.
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* Tetola epebiopata pmopel va elvat Apeoa, T EVAG OELOUOG N LOXUPOG AVEUOG N EEVAYKACHEVA, TTY EVal
£pEOLOUA TTOU TIPOEPXETAL ATTO TO XTUTINHA EVOG 0pUPLOV.
€ KAOe mepinmtwon, MAPAHUETPOL OTIWG OL PUCLKEG CUXVOTNTEG, OUVTEAETTEG ano%ﬁeonq, TPOTIOL TAAAVTWONG

épnotuonmouvrat yla Tov KaBpLopo tng {npLdg n omola pmopel va odeiletal o€ SLAOTOAEG, amOKOAANNCELS,
LaBpwoeLg, payiopota KAT

e OLmap é.lETpOL TwV povieAdwv kaBopifovtal anod SLadopous mapayovieg Onwg to HEYeBOG Kat N SLapKeLa

T?\U EpE )\ouou TO UALKO TNG KOTOLOKEUNC, TO LEYEDOC TNG KATAOKEUNG, TOUG TEXVIKOUC TTEPLOPLOUOUC, TNV
NALKLO, KATT

* MNpoodata, oL epeuvnteg avémtuav kat Sokipacav WSNs cav HEPOG TwV UNXavIoUwV KaBOoMKAG
napaKo)\ouenonq

* Tpeia mpdypota ta kaBlotouv kataAnAa yia autr) tn dtadkaoia:
1. OukopBol propouv va tonoBetnBouv o€ MEPLOXEG UN TTIPOOPBACIUEG OE KOAWSLWHEVEG KOl OYKWOELG
OUOKEUEC
2. EykaBiotwvtag eva peyaho aptBpo kopPwv prmopoupe va cuoyetiooupe (correlate) dtadopetikeg
LETPAOELG
3. Idavika, n eykatdotaon Kat n dtaxeipton tou Siktuou dev mapepPAAAETAL OTNV OHAAR AELTOUPYLA TNG
KOTOLOKEUNG
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H oelopikn anokplon o€ HEYAAEG SOUEG ival peTaBatikr amo tn GUon TNG Kol EUTEPLEXEL
OUXVOTNTEC KATW OO HEPLKEC SekAdeC Hz

* H anokplon o€ oEOUO pIopEL va tapakoAouBnBel xpnotponolwvtag acOntnpeg ETUTo)UVOEWS,
aLoBntnpec kKAlong (tiltt Kol TLECONAEKTPLKOUC alloBnTATPC

* MNpénetva yivel untepdetypatoAnyia oe uPnAEG ouXVOTNTEG Yo avTioTaBuion tou Bopupou kat
ateAou¢ TtonobEetTnong

* MpokAROELC yla TNV avaAuon Twv SedopEvwv:

* (a) meploplopol mov adopouv oTa XOPAKTNPLOTIKA TWV OLEYEPCEWV
* (B) BopuPog

* (y) opaApo oto povteAo

* (&) mepLBaAlovTikol tepLloplopotl
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. O*e'too(&)lt Yla TLC TEXVIKEG avixveuong {nHLWV OITOKTWVTOL oo aloBnTAPEC EMITAXUVVONG Ao aoOntrpeg
KAlong (tilt.

* MMopoUlE va XPNOLUOTIOLCOUE TILE(ONAEKTPLKA UALKA yLla val GUAAABOULE TNV QTIOKPLON CE GELOUO.

* "Otav pa pnXovikr Kkatanovnon epappoletol oe TeECONAEKTPLKO UALKO yevva eva NAEKTPIKO doptio. Otav
sv% ,r]7\EK'EleO nedlo epappoletal o LE(ONAEKTPLKO UALKO oL Staotacelg tou aAlalouv avaloya e To
rnieblo.

* OLLOLOTNTEC AUTEC KaBLoTOUV Ta TILE(ONAEKTPLKA UALKA KATAAANAQ yLa sensing Kal yia actuation

* H oxéon avapeca 08 HNXOVLKEG KOl NAEKTPLKEG TIAPOUETPOUG EVOG TLECONAEKTPLKOU UALKOU UITOPOUV val
neplypadouv wc e&nc (Park et al. 2000):

Si = S,E Tj + dmi E

Dy, =dnT; + ET

mk
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o)=L 1E

S 1s the mechanical strain;

T 1s the mechanical stress;

E 1s the electric field;

D is the charge density;

s 1s the mechanical compliance;

d 1s the piezoelectric strain constant;

e 1s the permittivity; and

the subscripts i, j, m, and k indicate the direction of stress, strain, or electric field
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I'=isin(wt+ ¢)

¥=Re{Y}+jIm{Y}

V = v sin(wf)

PZT M :

Figure 2.1 A piezoelectric material for capturing mechanical impedance. The PZT is normally
bonded directly to the surface of the structure by a high strength adhesive to ensure better mechanical
interaction - this is indicated by the gray box, M. The broken line indicates the coupled electrome-
chanical admittance Y (Park er al 2000).
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* H npwtn oxeon nepypadel tnv aAlayn otic SLaoTACELC EVOC
riLte(onNAEKTPLKOU UALKOU cav armoteAeoua TS epappoync NAEKTPLKOU
rnieblou

* H devtepn oxeon meplypAPel To NAEKTPLKO MESLO oAV AMOTEAECUA TNG
aAAayn ¢ Twv HLOOTACEWV TOU UALKOU.

e Xpnotpomnolwvtag eva Tie{onAeKTPLKO UALKO gival duvato va
UTtOAOYLOOUE HNXOVLKN Kol NAEKTPLKA ocLVOETN avtiotaon, Aappavovtog
NMANPOPOPLEC YLA LLNXOLVLKEC KOTOLOKEVEC QTTO LETPNOELC TNC NAEKTPLKNC
aviiotaongc.

 MaOnuatikd, N OXECN AVALECO OTN UNXOVLKN KoL OTNV NAEKTPLKN
avtiotaon divetal ano tnv akoAouOn oxeon:
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. W,l, T (1 _ iy Zg(w) Y S E
Y(w) = jw o (833(1 Jjo) Z‘.;((U)Zg({u)diryxx) (2.12)

where

Y 1s the electrical admittance;

Z, is the mechanical impedance of the piezoelectric material;

Z, 1s the mechanical impedance of the structure;

Y,y 18 Young’s modulus of piezoelectric material at zero electric field (inverse of
compliance);

dsy 1s the piezoelectric strain constant at zero stress;

T 1 o) 1 : : ") o) L
£33 18 the permittivity at zero stress;

d is the dielectric loss tangent to the piezoelectric material; and
w, 1s the width, [, 1s the length, and h, is the thickness of the piezoelectric material,
respectively.
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Figure 2.2 The deployment scenario of on the Golden Gate Bridge. (a) The nodes are deployed on
both side of the span. (b) A two-dimensional view of the placement of nodes on the bridge.
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* Ground transportation is a vital and complex socioeconomic infrastructure.

* Operationally, it is linked with and provides support for a variety of systems, such as supply-chain, emergency
response, and public health. In urban areas, this results in potential congestion.

* The 2009 Urban Mobility Report, issued by the Texas Transportation Institute, reveals that in 2007,
congestion caused urban Americans to travel 4.2 billion hours more and to purchase an extra
2.8 billion gallons of fuel.

* The total congestion cost is estimated to be $87.2 billion — an increase of more than 50% over the previous decade.
UnfortunateIY, building new roads is not a feasible solution for many cities of the world
owing to the lack of free space and the high cost of demolition of old roads (streets).

* Many consider better regulation of transportation systems as the only sustainable solution to road
congestion.

* One approach to dealing with congestions is to put in place distributed sensing systems
that reduce congestion. These systems gather information about the density, sizes, and speed
of vehicles on roads; infer congestions; and suggest to drivers some alternative routes and
emergency exits.
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* Alarge number of devices are used in traffic control systems. These include video, sonar, _
radar, inductive loops, mafnetometers, microloop probes, pneumatic road tubes, piezoelectric cables, PVDF
wire, and pneumatic treadle.

* Video and sonar-based sensing systems need to be installed on poles, while inductive loops,
magnetometers, and pneumatic treadles can be embedded into the transportation infrastructure. Camera-
based systems involve human operators to process images, identify incidents, and assign speed rankings.

* Apparently, this technique is costly and can only be employed in selected streets, such as those that are
frequently traveled.

* Another way is to fully automate congestion recognition. There are several approaches
to do this. For example, automated camera-based systems use machine vision to count and
classify vehicles.

» Alternatively, they target the license numbers of passing vehicles and associate driving history as a means of
estimatinF congestion causes. These approaches are well
suited as long as the data from the cameras is reliable. In the presence of fog, smog, dust,
snow, or rain, however, roadside cameras are unreliable.
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* More recently, in-road sensing devices have been developed as complementary systems

* These devices are interesting because they are unaffected by weather and provide direct
information with very little ambiguity.

* One of the most common in-road traffic sensors is the inductive loop (Knaian 2000). This is a coil
of wire several meters in diameter and can be buried under the road and connected to a roadside
control box that passes an electric current
through the coil.

* By establishing relationship between the current, the magnetic field strength that is induced as a
result of the current, and the speed and size of the passing vehicles, it is
possible to infer traffic flow.

* The exact relationship between the current and a vehicle can be defined by using Faraday’s .
induction law. According to Faraday’s law, when an electric current passes through a conductor, it
produces a magnetic field around the conductor.

* The direction of the field is normal to the direction of the current flow. The strength and density
of the magnetic field depends on the length and cross-sectional area of the conductor as well as
the material from which the conductor is made, that is, the permeability of the conductor, u.

* The ratio of the magnetic flux, to the current | is called inductance, L, which is defined as L = ®/I:
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* |f, instead of a straight conductor, the current passes through a solenoid (a
long, thin coil, with a length much greater than the diameter of the loop) of
N turns and length /, the magnetic flux density, B, induced in it is expressed
as: |

Ni

B = up—
f{}f

* U,y is the permeability of free space; N is the number of turns; | is the
current; and | is the length of the coil.

* The magnetic flux through the coil is obtained by multiplying the flux
density B by the cross-sectional area, A and the number of turns, N:

5. A
d = ,ti{;.f"nf"fT
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* Reformulating this equation will yield:

A
L = I.[i.[].;ﬁ'v'r'T

* The inductance of a solenoid changes when vehicles drive on the
road, disturbing the induced magnetic flux.

* The magnitude of the change depends on the vehicle’s speed and
size. To determine the speed of the vehicle, two loops separated by a
distance, d, of known length are sufficient.



EQapoyeC acupuatwy OLKTUWYV aloBntnpwy

 Measuring the change in voltage or current is easier than measuring the
change in magnetic field strength or magnetic flux.

* The induced electromotive force in a closed loop is directly proportional to
the rate of change of magnetic flux through the loop. This can be better
explained by moving a conductor through a magnetic field, which induces a
voltage in that conductor.

* The induced voltage is proportional to the speed of movement, the length

and cross-sectional area of the conductor, and the strength of the magnetic
field.

* If the conductor forms a solenoid, the number of turns of the conductor
influences the induced voltage.
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 The magnetic field, the direction of movement, and the voltage are
all orthogonal to each other.

* To determine their exact direction, Fleming’s right-hand rule can be
applied.

 Alternatively, it is also possible to keep the conductor stationary and
vary the magnitude and direction of the magnetic field to induce a
voltage in a conductor.

* Mathematically, this is expressed as:
dd g

> = —N
; dr
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* ¢ is the electromotive force (emf) in volts; N is the number of turns of
wire; B is the magnetic flux inWeber that passes through a single
loop.

* The negative sign in this Equation indicates that the direction of the
electromotive force is opposite to the direction of the magnetic flux.

* The magnetic flux is a function of the cross-sectional area of the
conductorand the magnetic field strength, which is normal to the
conductor.

* Lenz’s law can be applied to determine the direction of the induced
electromotive force (emf) and current resulting from electromagnetic
induction
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* More generally, the relation between the rate of change of the
magnetic flux through a surface S enclosed by a contour C and the
electric field along the contour is expressed as:

d
f)gE-df:—— B - dA
JC L'Iit <

 where E is the electric field; d/ is an infinitesimal element of the
contour C; and B is the magnetic field strength. The directions of the
contour C and dA are assumed to be related by the right-hand rule.

e Equivalently, the differential form of Faraday’s law can be employed

JB
at

V xE=—
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* The only limitation of inductive loops is their physical size.

* First, deployment requires the complete dismantlement of an entire
cross-section of a road. Second, it is difficult to distinguish vehicles in
bumper-to-bumper traffic, since two vehicles may cross the loop at
the same time.

* The presence, direction, and speed of a vehicle can be determined by
employing magnetic sensors.

* The technique requires a magnetic field of known strength and
direction. A moving vehicle can disturb the distribution of the
magnetic field either by producing its own magnetic field or simply by
cutting across it.
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* As the magnitude and direction of the disturbance depends on the
speed, size, density, and permeability of the vehicle, it is possible to
use magnetic sensors to quantify the disturbance.

* Magnetic sensors can be classified into low-field, medium-field, and
high-field sensors, according to the range of the strength of the
magnetic field they measure (Caruso and Withanawasam 1999).

* Low-field sensors measure magnetic field strength below 1 puG
medium-field sensors measure between 1 uG and 10 G; high-field
sensors can measure above 10 G. The Earth’s magnetic field is found
in the medium field.
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* Magnetic fields are set up by the motion of electrical charges. For
instance, the magnetic field of a bar magnet is created by the motion
of negatively charged electrons within iron atoms.

* The cause of the Earth’s magnetic field is not completely understood,
but it is believed to be associated with electrical currents produced by
the coupling of convective effects and rotations in the spinning liquid
metallic outer core of iron and nickel.

* It has a uniform distribution over a wide area (several kilometers). It
was first measured by Carl Friedrich Gauss in 1835 and has been
repeatedly measured since then, showing a relative decay of about
5% over the last 150 years.
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* Sensors that can measure the Earth’s magnetic field comprise an alloy of nickel
and iron. Typical examples are anisotropic magnetoresistive (AMR) sensors whose
resistive property changes according to the Earth’s magnetic field strength.

* AMR sensors can measure both linear and angular positions and displacement in
the Earth’s magnetic field.

* Almost all road vehicles, including those with polymer body panels, contain a
large mass of steel. Since the magnetic permeability of steel is much higher than
the surrounding air, it has the capacity to concentrate the flux lines of the Earth’s
magnetic field.

* The concentration of magnetic flux (disturbance) at a particular location varies as
the v)ehicle moves and can be detected from a distance of up to 15m (Weaver
2003).

* Figure demonstrates how an AMR sensor can be used to measure the
disturbance in the Earth’s magnetic field caused by a moving vehicle.
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Figure 2.3 Detection of a moving vehicle with an AMR magnetic sensor (Caruso and With-
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 |tis possible to distinguish between different types of vehicles (car, bus,
minibus, truck, etc.) by modeling a vehicle as a composition of many
dipole magnets (Caruso and Withanawasam 1999).

* These dipoles have north—south orientations that cause distortions in the
Earth’s magnetic field. The extent of the distortions of the dipoles depends
on, among other things, the permeability of the dipoles.

* For example, the engine and wheel areas exert stronger distortions than
the other parts of a vehicle, and for each vehicle class of interest, it is
possible to produce a unique model.

* When a vehicle passes close to a magnetic sensor, or drives over it, the
sensor can detect the different dipole moments of the various parts of the
vehicle. The field variation reveals a detailed magnetic signature.
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* Knaian (2000) proposes the use of wireless sensor networks for
traffic monitoring in urban areas.

* A prototype was deployed in Vassar Street, Cambridge,
Massachusetts. The wireless sensor node consists of two AMR
magnetic sensors for detecting vehicular activities and a temperature
sensor for monitoring road condition (snow, ice, or water).

* The movement and speed of a vehicle is captured by observing the
disturbance it creates in the Earth’s magnetic field.
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Figure 2.4 Block diagram of the MIT node for tratfic monitoring { Knaian 2000F).
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* A wide range of health care applications have been proposed for
wireless sensor networks

* include monitoring patients with Parkinson’s Disease, epilepsy, heart
patients, patients rehabilitating from stroke or heart attack, and
elderly people.

* Unlike other types of applications discussed so far, health care
applications do not function as stand-alone systems.

* Rather, they are integral parts of a comprehensive and complex
health and rescue system
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e comprehensible solution that involves the following tasks:

building pervasive systems that provide patients with rich information
about diseases and their prevention mechanisms;

e seamless integration of health infrastructures with emergency and rescue
operations as well as transportation systems;

* developing reliable and unobtrusive health-monitoring systems that can
be worn by patients to reduce the responsibilities and presence of medical
personnel;

e alerting nurses and doctors when medical intervention is necessary;

* reducing inconvenient and costly checkup visits by creating reliable links
between autonomous health-monitoring systems and health institutions.
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. Eulse oxygen saturation sensors: they measure the percentage of
emoglobin (Hb) saturated with oxygen (SpO2) and heart rate (HR);

* blood pressure sensors;
* electrocardiogram (ECG);
e electromyogram (EMG) for measuring muscle activities;

e temperature sensors — both for core body temperature and skin
temperature;

* respiration sensors;
* blood flow sensors;

* blood oxyéFen level sensor (oximeter) for measuring cardiovascular
exertion (distress).
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. A_notlher area of application for wireless sensor networks is the monitoring of gas, water, and oil
pipelines.

* The management of pipelines presents a formidable challenge.

* Their long length, high value, high risk, and often difficult access conditions require continuous
and unobtrusive monitoring.

* Leakages can occur due to excessive deformations caused by earthquakes, landslides, or collisions
with an external force; corrosion, wear, material flaws or even intentional damage to the
structure.

* To detect leakages, it is vital to understand the characteristics of the substance the pipelines
transport.

* For example, fluid pipelines generate a hot-spot at the location of the leak, whereas gas pipelines
generate a cold-spot due to the gas pressure relaxation.

* Likewise, fluid travels at a higher propagation velocity in metal pipelines than in polyvinyl chloride
(PVC). There are a large number of commercially available sensors (fiber optics, temperature
sensors, and acoustic sensors) to detect and localize thermal anomalies.
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* PipeNet is deployed in three different settings.

* In the first setting, pressure and pH sensors are installed on a 12 in. cast-iron pipe which
supplies drinking water.

* Pressure data is collected every 5 min for a period of 5 s at a rate of 100 Hz.

* The wireless sensor node can locally compute minimum, maximum, average, and
standard deviation values and communicate the results to a remote gateway.

* Likewise, pH data is collected every 5 min for a period of 10 s at a rate of 100 Hz. The
sensor nodes use a Bluetooth transceiver for wireless communication.

* The pressure sensor is a modified version of the OEM piezoresistive silicon sensor. It has
an error compensation mechanism to deal with the eftects of nonlinearity and
hysteresis.

* The sensor has a startup time of less than 20 ms and a fast dynamic response. It
consumes less than 10mW. The pH sensor is a glass electrode with an Ag/AgCl reference
cell.
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* |In the second settin% a pressure sensor is employed to measure the pressure in 8 in. cast iron
pipe. The data is collected every 5 min for a period of 5 s at a sampling rate of 300 Hz.

* For this setting, local processing was not supported; instead, the raw data was transmitted to a
remote gateway.

* Finally, in the third setting, the water level of a combined sewer outflow collector is monitored.
Two pressure transducers were placed at the bottom of the collector and an ultrasonic sensor on
the top. The pressure sensors are low-power devices and consume less than 10mW.

* The ultrasonic sensor is a high-power device and consumes 550mW. For efficient power
consumption, the pressure sensors are employed for periodic monitoring while the ultrasonic
sensor is required only to verify the readings from the pressure sensors when their difference
exceeded a set threshold or when the water level exceeded the weir height.

* In this setting, data collection was carried out at a rate of 100Hz at 5 min intervals for a period of
10 s.

* Moreover, local data a§gregation was performed to reduce the network traffic. The network

supported remote configuration to increase the sampling rate up to 600 Hz.
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* Another interesting area where wireless sensor networks motivated a large number of
researchers is precision agriculture.

* Traditionally, a large farm is taken as a homogeneous field in terms of resource
distribution and its response to climate change, weeds, and pests.

* Accordingly, farmers administer fertilizers, pesticides, herbicides, and water resources.

* In reality, a large field exhibits wide spatial diversity in soil t¥pes, nutrient content, and
other important factors. Therefore, treating it as a uniform tield can cause inefficient use
of resources and loss of productivity.

* Precision agriculture is a method of farm management that enables farmers to produce
more efficiently through a frugal use of resources.

* This encompasses different aspects, such as micro-monitoring soil, crop, and climate
change in a field, and providing a decision support system (DSS).

* Precision agriculture uses Geo%ra hic Information System mana%eme_nt tools; GPS, radar,
aerial images, etc., to accurately diagnose a field and apply vital farming resources.
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A large number of technologies have been developed over the last several years
to facilitate and automate precision agriculture. Some of these are:

Yield monitors: These are devices that use, among other things, mass flow
sensors, moisture sensors, and a GPS receiver to monitor instantaneous yield
based on time and distance. The sensors enable measurement of the mass or the
volume of grain flow (%rain flow sensors), separator speed, ground speed, grain
moisture, and header height.

Yield mapping: Couples GPS receivers with yield monitors to provide spatial
coordinates for the yield monitor data.

Variablele rate fertilizer: Manages the application of liquid and gaseous fertilizer
materials.

Weed mapping: Enables a farmer to map weeds while combining, seeding,
spraying, or field scouting.

Viariable spraying: By knowing weed locations from weed mapping, spot control
can be implemented. This enables booms to be turned on and off electronically
and alter the amount (and blend) of herbicide applied.
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e Topography and boundaries: Enable the production of very accurate
topographic maps that can be used to interpret yield maps and weed maps
as well as planning for grassed waterways and field divisions. Field
boundaries, roads, yards, tree stands, and wetlands can all be accurately
mapped to aid farm planning.

* Salinity mapping: This is used to map fields that are affected by salinity.
Salinity mapping is valuable in interpreting yield maps and weed maps as
well as tracking the change in salinity over time.

. Guidance.sgtstems: These are devices that can accurately position a moving
vehicle within a 12 in. radius (or less). They are useful for spraying and
seeding as well as field scouting.

 The main challenge in applying precision agriculture technologies is the
need to collect amount of data over several days that is large enough to
characterize the entire field. In this regard, wireless sensor networks can be
excellent tools as large-scale sensing technologies
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* Monitoring active volcanoes is another application domain for wireless sensor networks (WSNs).
Volcanoes occur when broken slabs of the Earth’s outermost shell, known as lithosphere,

* float on the hotter and softer layer in the Earth’s mantle. This phenomenon causes occasional
collision between the lithosphere plates and is attributed to be the cause of most volcanoes.

* In most cases, the Earth’s volcanoes are hidden from view, occurring on the ocean floor along
spreading ridges. Scientists attempt to capture and study the nature of active volcanoes by
employing seismic and acoustic sensors and by collecting seismic and infrasonic signals.

* At present, typical active volcanoes are monitored by expensive devices that are difficult to move
or require an external supply voltage. The deployment and maintenance of these devices require
vehicle or helicopter assistance.

* Data storage is also a concern since, in typical scenarios, stations should log data to a Compact
Flash card or a hard drive, which must be retrieved on a periodic basis.

* WSNs can be very useful for active volcano monitoring. First, a large number of small, cheap, and
self-organizing nodes can be deployed to cover a vast field. In contrast to the expensive and bulky
equipments presently used, the deployment of WSNs is fast and economical.

* Second, through a high density and wide coverage, it is possible to achieve high spatial diversity.
Third, the networks can operate without requiring stringent maintenance routine



