CHAPTER 4

THE DESIGN OF 3D EUCLIDEAN DISTANCE

4.1  Introduction Y"

Wireless Sensor Networks (WSNSs) are composed of a large num f sensor nodes
that cooperatively monitor physical or environmental conditions a m tile gathered data
to the sink node. The WSNs have garnered much attention fr e aca w to assess

o
their growing applications in several essential domains in rec ears. FQr inst c', th%‘ensor

=\
nodes in WSN can be used to observe a physical phenomenonysuch a$'t atur.e\/?iﬁnitoring
d Zpo

rg,in ation @xa dynamic
setting, the energy supply for each sensor nod@d. Derivi e 36ﬁclidean Distance

between two nodes involves computing t@ square r \of\qe @I the squares of the
variances between the corresponding v, the Cluste e 3% clidean Distance refers
to a clustering algorithm that considers erjr een th\t\eighbour node of correlated

degree () and the topological%Y;ainl toe adccg@%network connectivity in WSN.

The 3D Euclidean Bistance ir'j«e in é(s}gudy to construct clusters. The 3D
Euclidean Distance co {&I S0 ' toa tﬁf»ér node in order to maximise data, while
minimising the dista&)at C nt;ct ach ce_o}(?ainator node to the cluster. The correlation
degree that dengel loys ﬁuug]‘gdes c&enerate data with correlated degree (¢). Hence,

the distanc%en the nodes deter@é the degree of correlation. Due to high distance in

in some areas. Although WSNSs continuously sense,an

the netwo? logy, sensor observations are highly correlated with the degree of correlation,
whicChnincreases with the decreasing internode separation. A correlation degree relies on the

para r of the phenomenon. As such, this study proposes a scheme that 3D Euclidean

Distance based on degree correlation of the data in WSN. The sensing nodes are used to sense
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the physical attributes in order to report their position coordinates (x, y, and z) and the sensed
value to the nearest node degree. Another set of nodes, categorised as the degree nodes, is
responsible to generate correlated degree of the received data and transmit the coef‘&e;x;c
regression to the parent node degree. _{’)

The query from the sink node receives data collected by the sensor n gree that is
generated by the root node of the degree in each cluster to compute thefattribute value at any

location within the boundary. With such correlation degree design, the Wr of transmissions

of sensor node is significantly reduced. Under correlation de e r&er set selection

and the clustering algorithm prioritise low correlated nodesyin order tofincr e'th€ I{W of

diversity, while ensuring that the neighbouring nodes are enoug?t eac other‘f_'g\that the

forwarded packets would be heard and duplicates avoidg. \ Vz.:/
\3 ®)

1.5
al bIQ};;oring node structure for

4.2  Correlation Degree

This study derived a correlation degree anaw'

9 %
data collection, as well as a cluster h ) in%jordit@achieve excellent network
N
connectivity of WSN, its appligati RreqI uire degree- eng?ployment of sensor nodes that

>

0
should lead to a single event b;ag re@ s'e\fqr,al nodes. This causes the sensor
@

observations to have cg@ d@illas, erche, De Oliveira, De Araujo, &

Loureiro, 2014). Cor Mno SpUpPo tzg'ng e, tend to detect similar values. However,
such closeness, b%ﬂ the 3D Euclidean ance between the different nodes that might
detect similardza depen(;'s bo‘['h q@ﬁ:ation requirements and event parameters. In two
different @elated application ahas mobility measurement and correlation of degree
voti and propose our parameters as a test for deciding whether 3D Euclidean distance

suitable should use in the network connectivity of the clustering in wireless sensor

networks. Some applications are more critical and less tolerant to discrepancies in the sensed



values on the observed phenomenon, thus requiring the closer nodes that notify sensed data in
the correlation region to be smaller. Other applications may be more tolerant to discrepancies
Kth

in the sensed values, despite not demanding the closer nodes to report the sensed @K e

correlation region to be greater. This is because; the correlated node behaviour haSan important
role in the network performance of wireless network. The 3D Euclidean DisY petween two
ment th

nodes in either the plane or n-dimensional space measures the length of aw at connects

a‘%?’and then adjusted
. ns‘are @Tato highly
correlated environments and the construction of sensor node §$es severalirounds in tte :\Rgter,

the two nodes. In this study, CHs were selected correlated degr

based on the sensor node to remain the distance. Hence, the ap

| &
justify because it will consume more energy whereby the age ma¥c ngeto mi@haviour
\ Y
VA N
& )

nodes.

\ (\
In a highly correlated region, th%rratlw e n'se nodes are determined
IStanc

4]
( aI.,&iA . The approach defines a

N
weight for each sensor node when ga are se}t, w cl d@s on the distance from CH to
esa joh as

4.2.1 Correlation Region

predominantly only by their degree

@D

target sensor node. This defin relation’r C&}area where the values sensed by the

sensor nodes are consid@’nlar@pplic . Hence, a single reading within this
N
region is sufficient t@mnt it. The Si 'gbf mgﬁorrelation region varies according to both

application and \%pe When a nodg se ata to another node that is initially correlated
% "

ledgement, tﬁ'at r@e'will increase its correlation degree range, and this

e
and receives :a
can be anﬁcu e measure since many'nodes with high degrees also have high centrality by

other %s, until the minimum amount of neighbours is discovered. For parameters that
@

nificantly at a short range, the sink node should decrease the size of the correlated

region; this event has to be notified by the closer nodes. When the parameters do not change



significantly at short range, the sink node can increase the size of the correlated region, After
clustering the nodes that detected the same event, each node checks the cell it belongs to in the

event area. Each section is represented by an ordered pair (0, 1), as depicted as |II% in

Figure 4.1. 3

The nodes can be classified scﬁJH%&rijoles in the created correlations

infrastructure: ,Q
&
e Neighbour n@ora gesno t?!t [ rently detecting one or more events. If its

sensed dat@:dunda t, it willnotyreport the gathered data.
’
Representative node: A blug n%?blue is detecting an event and is reporting the

g &g&j atatoa coordinatorhresenting itself and all nodes with similar readings.
%

v,

inator: A yellow node that is also detecting an event and is responsible for

Ohering all the data events sent by representative nodes, aggregating them and sending

the result to the sink node.
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e Aggregator: A green node that aggregates data from two or more sources representative
or coordinator nodes and forwards the aggregated data. It might or might not be
detecting an event. \z

S.

e Relay: A black node that forwards data to the sink. s )

e Sink: A red node interested in receiving data from a set of coordinatlvw

Q)
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This method buw sin relatee_)éf
¢ ! C,)
i

ree () using the shortest sensors in 3D

Euclidean Distanceshat cognnectiall i t.g_godes to the sink node, while maximising data
and reducing di hat oﬁmﬁje‘;ch C‘Oi" inator node to the sink. First, a single neighbour
node is sehAat each cell of 2I®Iidean Distance for each notification. Figure 4.2
iIIustr@eighbouring nodes in the event region. The neighbouring nodes selected from
t@ ighbour nodes refer to nodes with fewer notifications loss ratio the nodes belonging
to the'same CH. If there is a tie, the neighbouring node will become the node with higher energy
level to transmit data packets containing energy level field.
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4.3  Formula 3D Euclidean Distance Based on Correlation Degree

The Pythagorean Theorem can be used to calculate the distance between two nodes in
the same plane, in order to determine the degree of correlation. The degree of % ion
depends on the misbehaviour node in network variation parameters of the ph Emon, as

displayed in Figure 4.3 (where points (x1, yl)and (x2, y2) are in 2D Euclid istance).

Q2. y2) \/
l

(ylyi)l?';(_‘\q‘i"
P(x1,y 1) Y. (:1 x2) \»Y'

"

given in Figure 4.4. ‘% q %)
N 'f}j Q

Distance (x, y, X2, y2, range)

If (x2-x=0andy2-y=0)
Return False

Else

Distance =/ (x2 — x)% — (y2 — ¥)?

If (Distance <= range)
Return True

Else

QE Return False

Figure 4.4 The Pythagorean Theorem to determine the distance




The distance formula applies the Pythagorean Theorem to determine the distance of
two nodes. The algorithm uses the x-y coordinates of the broadcasting node, whereas a
neighbouring node to determine the sides of the triangle. Next, the hypotenuse is coh@.h‘
the hypotenuse does not exceed the nodes broadcasting range and the node is cufgentlyawake,

then the node becomes a valid neighbour. After that, the node is added to th

of the broadcasting node. \)

Most studies used 2D Euclidean Distance to test the targ aerever, in the real

neighbours

environment, the area to be monitored is not always flat. In s

pli atiwha the third
dimension and the height should not be neglected, 2D Euclidgan Distance moniger ng'b@?hes
(.;)

insufficient. Among the applications that require 3D E ean dist‘gn

home automation, precision agriculture, fruit tree planta%n, oli M
monitoring. The 3D Euclidean Distance area an ?;fer om the*2D Euclidean

Distance, as recent studies are coping with th%r. Tw ot&Q and 3D Euclidean

A
Distance monitoring is to ensure the requi%c&raae%a, a t@ﬂer or a point of interest,
that at

9 %
and to maintain network connectivity\ IN froﬁe'ach sensor node is deployed
N
to the sink (Boufares, N., Khoufi, I.,vin'et, .,’Said el L§aied, 2015).

The goal of this study, in_partic lar’, eﬁa@ full 3D Euclidean Distance area

m nitorL&g_ include

Y/
S, an eqrvwonmental

e

coverage while maintai@mor 'conn tivity<'Q ence, each detected event in the 3D

N
Euclidean Distance cm bé repor ‘,t'o megs'lnk. This study anticipated that the 3D
ring

SN meeting these properties (Boufares, N.,

Euclidean DistanQietwor clu
&t
Khoufi, I., Mifiet, 'Ry Saidane, I£., & Saied 2015). Many researchers have focused mainly on

&Y

theoreticalﬁl , especially on 3D\ajclidean Distance in WSNSs, in which the best node
place redetermined to gain the desired outcomes. Nonetheless, some studies had been

d on‘autonomous and static sensor nodes to design network clustering.



The sensing nodes sense the physical attribute and report their position coordinates

(x,y,2), while the sensed value to the nearest degree node. This defines the distance between

nodes iand j by the 3D Euclidean Distance between (x,y, z) , where x(x,, x,), y(Y,, EN z,)

. The distance between points (x,, y,, z,) and (x,, y,, z,) in 3D Euclidean Distam& sented

in Figure 4.5.

In ordér to'sefve and cal€ulate tt\?}'ult which refers to the required distance between

two poin W:orrelated degree (¢ h%to be determined. The expected value of 3D Euclidean

Di ound between points Pand Qisd(P,Q). The distance formula in 3D Euclidean
QDI

is given in Equation 4.1 in £ values of correlated degree(¢).

67



d(PyQ)Z\/(Xz_X1)2+(y2_y1)2(22_21)2 (4-1)

The node degree is determined by calculating the distance between ttN; in

correlated degree(¢), with other nodes within its communication radius.&r defined

communication radius of all the nodes defines the distance between t\Wes via 3D

Euclidean distance. The correlated degree(¢), considers the average egree distance

deviation between each node and its neighbours within a prede meltnication range.

Therefore, the large or the smallest value of degree implies sm istanc vaetween a
L ]

node and its neighbours, indicating a high correlation deg@b its neighbours. ' _\0}

v 5
4.4  Correlated Degree Calculation \/ g
The distance formula in 3D Euclidean& ;ana is quite Si

ilar toé‘bin 2D Euclidean
Distance. The distance formula in 3D Eug¢lidean Dista\ig

q@e root of the sum of

N,
squared differences of x, y and z coorgi fbo% pointsyIn @uclidean Distance, there

1

is a standard Cartesian coordinate \x, , starting a point that is known as the
origin, which is composed of ually'p rpe |‘gula es; x—axis, y—axis, and z-axis.
&

For instance, two sets of geordinates i|1 3 clide istance Cartesian coordinate system,

&
(X, ¥y, zy)and (x,, y,, wu e t(3 te thce'(;j}?tance between the three nodes or points.
C) '

O
441 3D Eu@tafcﬁs&ula‘g\\

Theddistance between two nodé}f{ points refers to the length of the path that connects
them. Th?\test path distance is a straight line. In 3D Euclidean Distance, the distance

betw es or points (x,, y,,z,) and (x,,y,,z,) is determined. In calculating the distance

of vectors in R3, the distance formula for points in 3D Euclidean Distance is required.
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Theorem.1. Assume that the coordinate of vertex P is(x,y,z). The distance,d between

points P(x,y,,z,) andQ(x,,y,,z,) inR® is given Y.
The above formula is used to calculate the distance between the two rcde 3D
Euclidean Distance. Proof of Theorem 1. The next section presents the calculath%:orrelated

degree (£) by employing methods similar to those for Theorem 1. In order to Wthe special

case of Theorem 1, points P = (x,, y,,z,)andQ = (x,, y,, z,) satisfy the condition.
Next, the expected value of 3D Euclidean Distance ca tween points
Pand Q, wherein d(P,Q) refers to 3D Euclidean Distance. dist n a |n 3D
Euclidean Distance is presented in correlated degree_ . The pro g\ tance
formula in 3D Euclidean Distance is as follows (The NLQt v=( n R®, t
magnitude or length of Vis Equation 4.2: w\
V= x2+y2 _\ 4.2)

-—9

&

6 S
<2~'

Evidence
Theorem 1 has been prov e p'e ous ectlc‘@he distance, d between two
S

points, P = (x,,y,,z,) andQ = (%Z Si I|‘gll t length of vector A— B, where
vectors B and A are w asl \ d B=(x,Y,.2,). Hence, since
L

A-B=(X, =%, Y, — y )’/then " I'B"ﬁgé(z X1) +(Y2 y1)2+(22—21)2. Figure 4.6

illustrates Theor P b') \Q/
"
A\ &
~

>

Il
=

N
iy
Nt




P(x2=y2=22)

Q(xwyza: )

Figure 4.6: 3D Euclidean Ristanc \E

<V
X
4.4.2 The distance between nodes C}/ W &
Each sensor node within the networkmme W? Ig&i@n as preceded by
e

iterations while dismissing node sync%isaonn%y
se

[7 Q—
(x,,y,.z,) be its coordinates. Each nds sitiq&ﬁé perform neighbourhood
\ \
discovery. Next, each sensor lee isz,;le to determi e;it@p and 2-hop neighbours, apart
ition

s
e
l -

resd;& any sensor node and

bn:\h orces/exerted on it by its 1-hop and 2-hop

<

e Dis@é@é between sensor nodes 4, andaj. D, is
| &

5
Zq. ~y)? +(2, - z)* -\The donventional localisation algorithm in 3D WSN

S
uses the esti wtances b eeﬁ the:pnknown node and some known anchor nodes to
eﬁ

N
ion of the unknown™ngde. Each unknown node has to communicate with at

calculate K
least %ghbouring anchor nodes to obtain the correlated degree (¢) values. Using a

ulajan unknown node can estimate its distance to each anchor node. If there are four or

—

from computing its new p

S

neighbours. Let g, der&&th3D

given by /(x; - x)

more anchor nodes, the unknown node can use the estimated distance to predict its coordinates.
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Z a,(x,,¥,.2,)
a,(x;,¥,,2;) -+ -
=g "
\\ f('xu’yu’zu)
(X Vanz)
4 D,
Y

As displayed in the example iIIustra%Figure Z—_V} vm -\300rdinates of the four

S
6 e, _

anchor nodes a,,a,,a,a, are(x,,y,,z V21 2,), (X, (x<,8:z4), respectively. Every
sensor node and a representative s%de i ‘g_sh merged CH. As these three

s, sensor nades &E/ge classified into three types of
representative sensor no@ancel ph and %&ng. The cluster-based networks are
applied to select the @1 tive s

¢ ? C,)

node set is compo@v senser nedes,in th@SN, whereas the edge set consists of all links
in the WSN. % tennd q'senﬁ\ node is an omnidirectional antenna, with a

commuchadlus as the set Q&Jsensor nodes is found within the circle of the

N

communi radius. The coordinates of the unknown node f are (Xf yYirZs ). The distances

@ f to the four anchor nodes 4, a,, a,, a,, respectively, arep,, p,,,p,,, andp,,. Due to

estimation errors in these distances, there will also be estimation errors in node f coordinates.

parameters are measurements®i
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It is common to not to have a solution to Equation 4.3 due to distance estimation error. Rather,

N3

(X;,Y¢,2¢)=argmin ZA‘,KXai — %) +(Y, — Vi )? +(z, — 24 )? —dg J (4.3)

(X" yf'Zf) i=1

the coordinates are estimated as follows:

Since Equation 4.3 is nonlinear equation, an error in distance estimatioh may result in

a larger error in coordinate estimations, especially when node f i not?o? near the centre of

the region surrounded by the anchor nodes. !\d
X

| _{?
The estimated coordinates to measure the distance een fo‘ur ara eters?i. a,,a,.a,)

of node f can be calculated by solving the following s ;m @i \near eﬁns For any
two nodes f and(a,,a, a,.a,), their 3D Euchde\k@ce is de d aéﬂlows.

AN
= 3
—>a, - )%s :%;& @‘5‘ )
i=1
The distance can be ex esse y the n}v ho@/een two nodes and also by the
y

shortest path distance betw en t n(l)

@D

other distance, such as the 3D Euclidean

distance. Equation 4.3 a can to cc@te the estimated position of unknown
target nodes. Hence, |nt (x yJ2) dfe ad/FEh the circle with the radius given in Equation
<bv N
4.5.
A >

Zaif(x Xf)2+(?_ yf)2+(zi_zf)2

N




4.4.3 Correlation Coefficient (CC)

Assume that WSN in 3D Euclidean Distance is made up of a;,a,,a;,a, and f _as the
anchor node. Consider distance is(D), packet transfer (p), and energy (¢). Thus, Defﬁ\ tes
the measured distance betweennode f and a, until a, asinEquation4.6. In 0 measure

the correlated degree (¢) based on certain parameters, such as distance (D)¥packet(s), and

energy (1), (¥, %) +(y, -¥;) +(z, -7;)° should be between one-hop ne@nodes using the

3D Euclidean Distance method. x, y, z representthe coordin@od@uclidem
Distance f and&;,d,,d;,a,. ’ \Y'
| S
P 4
\,‘Z*

Daif :Zaif (Xai _Xf)2 "‘(Yai _yf)2 +(Zaiz_zf 2\ T (4.6)
i=1

Vi 2

The correlated degree (¢) is measured basee on €orre C

é‘g NS
measure the strength between parameters relations i quat@d.
o

B=(B —B) + ?:46 f
D—(Dan)%% )4 _.L'ﬁb (4.7)

The CC is of Mre togas J:'%b @éﬂhean Distance correlation test by using a

statistical formul asureRthj\r gtT&KNeen parameters and correlations. In order to

ients (CC), which

=S

4
determine hozs a correlation i! betwigen three parameters, the coefficient value that may
n

N
range betvogK es has to be identifkcl;?The three variables are often given coordinates X, y ,

and ameterp_. Figure 4.8 displays the correlation between the parameters are related,

a nted by values X, yand Z in 3D Euclidean distance. The distance is given first, and
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then, the CC method of determining correlated degree (¢) is presented. In Relatively small
sample is provided in the following examples.

The CC measures the strength of a correlation. The coefficient value can Emzom
cor

0.0 to 1.0 (Leroux, 1998). A negative coefficient value reflects the negativa ations
between the parameters (distance, packet, and energy), or as one value in?w, the other
decreases. On the contrary, positive range means positive correlations bw he parameters

above, or both values increase or decrease together. Q

(D1, B1,£1)a

(Dy1,B1,%1)ay

N
1 O
\ ¢ 2 C,)
The CCi ined as follows. u&é four nodes (a,,a,,a,,a,) €ach have values

of distance(zwt(ﬂ), an ne(gy(\z,R'Whereby distance is measured between f and

C.)
paramete ,and ¢ , respectively}et node f be the CH of nodes(a, a,,a, a,), Which are

within the cycle of communication radius, r. Equation 4.8 presents the CC of nodes within
n f



Cayi = Z(Da‘ _Daif)z(ﬂai _ﬂaif)z(gai —faif)z
a; f \/Z:(Dai _Daif)ZZ(ﬂai _ﬂaif)zzwai —faif)z

(4.8)

¥
where the summation is across all f possible values of (a,,4,,a,,4,), respecti (?nethod
of computing the correlated degree (¢) is elaborated next with an example. Following
this, a discussion is presented on the meaning and the interpretati f CC.

The correlated degree value can be determined from the %teri D as distance,
B as packet, and ¢ as energy in Equation 4.8, while the sum ev uw‘the sum

N
of the square all parameters values are calculated to_gainwthe su hd sgéa:re all

parameters).(D, B, ). Because, the products of eac i fth@ eters@?ﬂ values

are computed, in which the sum of these is thr r ete?ﬁ. Then, the lues can be

used to determine where refers to the M of nodes

coefficient based on the three paramete%formal \eggigt @ee value can range
.% % O

from 0.0 to 1.0. “« Q-

o@a\ed degree, for instance, in a WSN

The following de ﬁ\

if a number of nodes @—ﬂ : ighgésr’ing nodes, respectively. If (g, a,,a,,a,)
(Q 2.9

are close to anot@v , thisfnode ¢ re@ent its neighbours in the domain using 3D

Euclidean Di ‘(fs givéFl y‘atio§z. This representative node is called CC based

N

on the c d degree node in&Equation 4.9. Assume node , has (a a,,a,a,)

neighk%nodes. The CC of f is distanceD. The parameters of its neighbouring nodes

@e used to calculate the correlated degree (). For correlated degree () variable,

D, B ,¢ must range from 0.0 to 1.0.to measure the relationship of the node in 3D Euclidean
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distance. If CC is close to 0.0, regardless positive or negative, it implies little or no

relationship between the three parameters.

4

where CD is Correlated Degree,

2. (D, =D, )*(By = Bat)’ Ly — L)’
Z(Dai - Daif)zz(ﬁai _ﬁaif)ZZ(fai _Kaif)2

-

Z D is Distance,

z L is Packet,

ZK is Energy,

> D? is the sum of squared D parameter distan¢@)

Z ,82 is the sum of squared s parameter packet,.i

7

t\
or palre

> % iis the sum of squared / parame

Z D S lis the sum of all parameter p dﬁw A
t) &
q 48-(
. M

Nodes | Distance (p) B’ 02 Sum of 3
(meters) parameters

a, 100 256 40,000 320,000

a, 70 P 576 900,000 | 504,000

2, 50%— 41 Z ) ﬁ" 2500 1600 | 160000 | 800,000

a, 0 b 33 ' 250 8100 1089 62500 742,500
Total g\lo 113 1150 25500 3521 | 1,162,500 | 2,366,500

Oble 4.1 presents the calculation of Correlation Coefficients (CC). The values of

four nodes for(p), (p) and (¢) are tabulated in the first three columns. The fourth column
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shows the squares of each (p)value in the first column, while the sum of the third column
is> p2 = 25500. The fifth column displays the sum of the squares of ( values‘ef the
he

second column, while the sum of the fifth column |sz/g2 3521. The sixth col \

}

sum of the squares of (¢)values of the second column, while the sum of t column
IS ¢? 1162500 - The final column of the table show cases the products o w,&) and (v)
values of the first, second, and third columns, respectively. For ex |f the first entry
15100 x16 x 200 = 3200, the sum of the seventh column is 366‘300

Based on Table 4.1, the correlated degree (¢) value can’be ined ‘l‘r&fq'the
parameters distance (D), packet(g) , and energy (¢), whi sum values y S Z D

.3 p and >~ ¢. The squares of each(p), () and (E%K re e ﬁZDz 34
@&puted in which

u ed to determine

[
(Dala2a3a4 )(IBalaza3a4 ) ad,asa, )\ e N rm‘%j the @er of nodes, as follows.
Next, ~ value is calculated as give e followin
. N ’ (S
\-' F &

& “VZ 553\@T

96100
=.{, 00 — 2

\ = 25500 — 24025
§ =1475

(G2
=257 — =

and S~ ¢2. Next, the products of each palr and /v

the sum of these ISZD/M T values C




(113)°

=3521 -

12.769

=3521—-

Yv
= 3521 - 319225 .\%\
<

328.75

= N Y.

1tezsop 0550 ‘é\ |

=1162500—1322500 \do ‘\Y.'
: é\ J | S

= 1162500 — 330625 2 \,Y.

= 23665
¢1359 88 42?
Upon calculating the @%r ssions, ?C a@egression line can be identified.
The correlated deqe (? ;
% éf — 5132;5‘3 4ﬂ a1‘3‘23334/8"3‘15‘26‘3‘5‘4
¥4

1,359,388
6351231.27

=0.214035

N ) 1350388
0 V1475 x 32875 x 831875
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The CC between the three parameters of formal correlated degree force is, ¢ =

0.214. This indicates positive correlations between the three parameters. ngect

positive relationship yields a CC of 1.0, while 0.0CC for nil correlation t@nergy

(), packet(g), and distance (D). The relationship here, thus, seems to be q relatively large
be

one as it exceeds 0.2, but considerably less than a perfect associatiw een the three

parameters. Y'
45  Summary .\d‘ X

| o | ;—}
In this chapter, a correlated degree is derived bas D EuclideanDistan dCC.

value due to its high flexibility and ability to @/Ion
distributed applications. The calculations dis;%evealr\t}g

influence on the topological properties o% ks'ﬁ% ent etworks tends to form
“« Q-
highly connected groups of nodes withycorrelated he@ythe value increases in line
) N
with average path length and CC. ‘%
g N

The calculation depicted i this{ a'ss'agplied in Enhancement Clustering

Algorithm, as elaborate@'pte@ess t@lection strategies. The calculation of
N
correlated degree is EMeri ied to ?ﬂming)(tﬁe impact of network connectivity on the
ighb

selected paramete@ght of the
4
chapter. % g

N

o

0 nodes. The details are discussed in the next
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