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Abstract

:

In brief, Wireless Sensor Networks (WSNs) are a set of limited power nodes, used for gathering the determined data of an area. Increasing the lifetime is the main challenge to optimize WSNs routing protocols, since the sensors’ energy in most cases is limited. In this respect, this article introduces a novel smart routing algorithm of wireless sensor networks, consisting of stable nodes randomly dispersed, and this approach is inspired from ant colonies. The proposed algorithm takes into consideration the distance between two nodes, the chosen path length and the nodes’ residual energy so as to update the choice probability of the next node among the neighbouring nodes, contrary to several routing algorithms; on the one hand, the nodes are aggregating data of their predecessors and sending to all to their successors; on the other hand, the source is almost always changed in each iteration. Consequently, the energy consumption is balanced between the nodes. Hence, the network lifetime will be increased. Detailed descriptions and a set of simulation using Matlab is provided to measure the network lifetime and the energy consumed by nodes of the proposed approach are presented. The replications’ consequences of simulations prove the success of our future routing algorithm (SRA).
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1. Introduction


In recent years, smaller electronics devices have appeared, so much so that the different wireless networks have emerged. The improvement of data rates and the reduction of energy consumption are the challenges to improve these networks. Higher data rates are required as internet access becomes more popular. That is why, the allocation of more bandwidth, or the processing of advanced signals with spectral efficiency are required. As a matter of fact, the major problem in wireless networks was still the energy consumption [1]. Some emerging wireless network applications are designed to require low data rates. Therefore, the energy consumption concern is greater than that of the high data rates. The wireless sensor network is another type of emerging wireless network where low power consumption is more critical than high data rates. Actually, wireless sensor networks have become a growing field of research and application, with the advancement of information technology [2,3,4,5,6,7]. A sensor array is composed of numbers of sensor nodes scattered randomly in certain regions. These sensor nodes have detection, communication, calculation and power functions [8,9,10,11]. WSNs have been applied in many different applications such as vehicle tracking system, traffic monitoring, medical applications, etc. With built-in detection parts in the nodes, a WSN can monitor and collect information or data in the deployed area. Collected data packets deliver source nodes to the single receiving node, which will cost energy. WSNs give prominence to more simple deployment and good flexibility of devices. With the fast technological development of sensors, which will greatly improve the efficiency and reliability of infrastructure systems, WSNs will evolve into the key technology for Internet of Things (IoT). Among the main concerns related to applications of IoT is extending the battery life of Machine to Machine (M2M) mobile devices to make the IoT system work for a longer period. As a result, in the vast mass of applications of the Internet of Things, energy-efficient communication and stable energy supply have become the priority objectives in the allocation of resources [12]. Several protocols have been implemented—for example, the cluster-based LEACH (Low Energy Adaptive Clustering Hierarchy) [8], which is based on cluster and Directed Diffusion (DD). ACO (Ant Colony Optimization) is a widespread meta-heuristic approach to solving combinatorial optimization problems such as the asymmetric travelling salesman problem, vehicle routing, WSN routing, etc. This algorithm is inspired by the behaviour of ant colonies. Due to the limited power supply, maximizing the lifetime of a WSN is crucial for the performance of the routing protocol. In this article, ACO is adopted and improved to design an intelligent routing algorithm to maximize the lifetime of a WSN. The remainder of the paper is planned as follows. Firstly, Section 2 presents the ant colony optimization algorithm: the ant system and the ant colony system. Secondly, Section 3 describes the algorithm proposed. Thirdly, the results of the simulation are offered and discussed in Section 4. Finally, Section 5 concludes the paper.




2. Ant Colony Optimization Algorithm


Ant colony optimization [13] works in an iterative way. A number of ants are used at each iteration. AS or ant system is the first algorithm in the ACO algorithm category. In the last few decades, there has been a lot of research that uses the ant colony such as: elitist strategy for ant system (EAS), AS_rank, Max-Min AS, or ant colony system (ACS) [14]. In AS, after ants have made their tours, in the process of looking for food, each ant puts out pheromones to form pheromone tracks. After the ants deposit the pheromones, the pheromone parts evaporate over time. Hence, the shorter crossed route by an ant, will have more amount of deposited pheromone. Generally, each ant chooses with more probability the road with more pheromone. So, the long paths receive less pheromones than the short path. The ACS improves AS by making the introduction of a local update of pheromones in the process of building the tour. All the ants perform the update of local pheromone after each construction step. At the end of each iteration, only one ant applies the update of the off-line pheromone, which can be either the best iteration, or the best one so far. The resolution regulation used by the ants throughout the creation procedure is an added essential divergence among ACS and AS. As a matter of fact, ACS use the rule of pseudo random proportional. In our article we will add the residual energy parameter. Hence, an arc belonging to a short path and having more residual energy for these two edges will be more likely to be chosen than the other edges even if they are too short because they have less residual energy.




3. Proposed Algorithm


This part describes our Smart Routing Algorithm (SRA): that all the nodes communicate with each other, if the first node detects an event it will look for its successor, it broadcasts the request message. If a neighbour node receives that request message, it will store the ID of the sender in its list-neighbour firstly and then broadcast its own power and receiver ID and its positioning (x,y) as a response, and then wait for an acknowledgement, if the acknowledgement is received. Hence, these nodes, sender and receiver, are connected and can communicate between them. When all the recipients finish doing the same thing, the node that will send data has its neighbours list, it calculates the probability,     p  i , j     , for each candidate j belongs to the list of neighbouring nodes, and then executes line 7 to line 14 of Algorithm 1 for choosing its next best node and sends data to it. After that, the next node receives data, aggregates it with its own and sends all data , using the SRA (Smart Routing Algorithm), to its successor, and this process is repeated until the data arrives at the base station. The first iteration is counted when the data arrives at the base station. This mechanism is repeated until some number of iterations; in our case, we stop at 50 iterations (the nodes are all alive).



The probability that node i sends to node j is given by Equation (1):


    p  i , j   =     (  τ  i , j   )  α  ·   (  η  i , j   )  β  ·   (  E  r e s    ( i )  )  γ  ·   (  E  r e s    ( j )  )  δ    ∑   (  τ  i , j   )  α  ·   (  η  i , j   )  β  ·   (  E  r e s    ( i )  )  γ  ·   (  E  r e s    ( j )  )  δ    ,   



(1)




where:




	
   τ  i , j     is the pheromone amount on edge    ( i , j )   ,



	
   η  i , j     is is the opportunity of the edge    ( i , j )   ,



	
  α   is a variable to adjust the effect of    τ  i , j    ,



	
  β   is a variable to adjust the effect of    η  i , j    ,



	
    E  r e s    ( i )     is the residual energy of node i,



	
    E  r e s    ( j )     is the residual energy of node j,



	
  γ   is a variable to adjust the effect of     E  r e s    ( i )    ,



	
  δ   is a variable to adjust the effect of     E  r e s    ( j )    .








The pheromone quantity is renewed and applied to the retraced arcs (backtracking) as shown in the Equation (2):


    τ  i , j   =  ( 1 − ϱ )   τ  i , j   + Δ  τ  i , j   ,   



(2)




where:




	
  ϱ   is the evaporation rate of pheromones,



	
   Δ  τ  ( i , j )      is the amount of pheromone put, generally offered by:


   Δ  τ  ( i , j )   =        1 L   ,      if   node   i   sends   data   to   node   j  ,       0 ,      otherwise  ,        



(3)












where:




	
L is the length of the path,



The opportunity of the edge    ( i , j )    is given by this equation


    η  ( i , j )   =  1  δ  ( i , j )    .   



(4)












In this work, the WSN nodes send collaboratively their captured data to the sink. We employ the dissipation energy model [15,16] = as shown in Figure 1. In this figure,     E  T ( x )    ( k , δ )     is the energy expended for the transmission of k bits along a distance   δ  , and    E  R x     is the energy expended to receive a k-bit of data. The element    E  e l e c     depends on modulation, filtering, digital coding, and the spreading of the signal [16]. This element is the energy dissipated per bit to work both the receiver and the transmitter circuits.





	Algorithm 1: Smart Routing Algorithm (SRA)
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The energy expended by the radio sender is offered in Equation (5) and by the receiver in Equation (6). Equation (7) is the power needed to aggregate data:


    E  t ( x )    ( k , δ )  =      k .  E  e l e c   + k .  E  f s   .  δ 2       if   δ <  δ 0   ,       k .  E  e l e c   + k .  E  m p   .  δ 4       if   δ ≥  δ 0   ,        



(5)






    E  R x   = k .  E  e l e c   ,   



(6)






    E  a g r   = k .  E  D A   ,   



(7)




where:




	
  δ   is the distance among the sender and the addressee,



	
   E  f s     and    E  m p     are the amplifier energy, for the first, in the free space model, and, for the second, in the multipath model.








If   δ   is below a threshold    δ 0   , then the parameters    δ 2    and    E  f s     are used; otherwise, the elements    δ 4    and    E  m p     are employed. The value of the threshold    δ 0    is shown in [17], and presented in Equation (8):


    δ 0  =    E  f s    E  m p     .   



(8)







In this paper, the first sensor that will send its data takes the value 1, the second takes the value 2, and so on until reaching the base station. These numbers given by the path will be followed along each iteration, using SRA: 1 is the first node that will transmit its data, the number 2 will receive the data of 1, aggregate with its own data and will then send all to node 3. The sensors will receive the data of their predecessors, aggregate with their own data and then send the whole to their successors. This is will repeat until the base station. The routing follows a path that will be chosen using SRA as dynamically. Using Equations (5)–(8), it is possible to adjust for each sensor, 1 to 25, its consumed energy during iterations in Equation (9).


    E  i t e r    ( i )  =      k .  ( i − 1 )  .  (  E  e l e c   +  E  D A   )  + k . i .  (  E  e l e c   +  E  f s   .  δ 2  )       if   δ <  δ 0   ,       k .  ( i − 1 )  .  (  E  e l e c   +  E  D A   )  + k . i .  (  E  e l e c   +  E  m p   .  δ 4  )       if   δ ≥  δ 0   ,        



(9)




where:




	
i is the sensor number.








The average energy consumed in a network at each iteration, Equation (10), is the sum of energy consumed by each sensor up to this iteration divided by the number of sensors participating in this network:


    E  a v  g  i t e r     = 1 / n ·  ∑  i = 1  n   E  i t e r    ( i )  ,   



(10)




where:




	
n is the number of participating sensors in this network.








The total consumed energy by a sensor, Equation (11), is the energy consumed until the last iteration:


    E  t o t a  l  i t e r      ( i )  =  ∑  i t e r = 1   i t    E  i t e r    ( i )  .   



(11)







The average consumed energy of network, Equation (12), is the total energy consumed by all sensors divided by sensor number:


    E  a v g   = 1 / n ·  ∑  i = 1  n   E  t o t a  l  i t e r      ( i )  .   



(12)








4. Simulation Results


The energy consumption obtained by each sensor is calculated and then the results are plotted. These figures are obtained, each sensor sends data to its chosen neighbour using the SRA algorithm, the sensor aggregates the data of its predecessor and sends all data to its successor. This procedure is repeated until aggregated data reaches the base station. Whole simulations depend on this coming protocol: we consider 25 nodes of wireless sensor networks arbitrarily dispersed over an area of 25 m × 25 m. The base station is in the middle. Furthermore, we neglect the effect caused by signal collision and interference in the wireless channel. On account of limited energy of nodes, during the simulations, the energy diminishes when a node sends or receives data and whenever it aggregates data. In case a node runs out of energy, it can’t send or receive data. Therefore, it will be ignored in the network in future iterations. The parameters shown in Table 1 are used in our simulations.



As seen in Figure 2, we distribute the sensors in a random way and we position the base station in the middle of the surface.



We can see in Figure 3, Figure 4, Figure 5 and Figure 6 that in each iteration a node that will start the transmission is not necessarily the same; it changes from one iteration to another. If a node wants to transmit the data, it looks for its successor according to its probability, which we have seen in Equation (1); likewise, the other nodes do the same thing until the data arrive at the base station.



From iterations 1 to 15, Figure 3, we see that the minimum path is 253.2010 m and the maximum path is 369.8450 m.



From iterations 16 to 20, Figure 4, we see that the minimum path is 290.5974 m and the maximum path is 349.5204 m.



From iterations 21 to 35, Figure 5, we see that the minimum path is 262.4805 m and the maximum path is 370.5428 m.



From iterations 31 to 45, Figure 6, we see that the minimum path is 272.8723 m and the maximum path is 346.5317 m.



We see in Figure 3, Figure 4, Figure 5 and Figure 6 that the path chosen during these iterations is not always the smallest path even if the network knows the smallest way because the residual energy of the nodes has also been taken into account. The source is also not always the same because the goal of our paper is to balance the energy consumption in all the nodes.



In Figure 7, the energy consumed by each sensor increases almost equitably for all sensors.



In Figure 8, the residual energy of each sensor decreases almost equitably for all sensors.



In the Figure 9, we have increasingly sorted the energy consumption of each sensor to obtain these comparable results:



The total energy consumed by each sensor is almost identical to the average energy consumed: 0.3757 j.



In Figure 10, we have decreasingly sorted the residual energy of each sensor to obtain these comparable results:



The residual energy of each sensor is almost the same as the average residual energy: 0.1242 j, the difference between the average value and the maximum and minimum values, respectively, are: 0.07079 j and 0.06663 j.




5. Conclusions


In this article, we have proposed a Smart Routing Algorithm (SRA), and the latter establishes a dynamic routing of homogeneous wireless sensor networks; indeed, it is based on the pheromone of nodes and their probability to be chosen. At first, we have reviewed the ant colony optimization and presented our proposed algorithm using some universally used parameters to evaluate the effectiveness of a given approach. We have distributed an arbitrary 25 sensors with 0.5 j initial energy for all nodes, and we have put the sink in the middle, we have validated the proposed approach (SRA) and we have evaluated its performance based on a set of simulations. The simulations have shown that all nodes can be alive for up to 50 iterations without any dead nodes, and sent a total 1250 messages, so the consumption differences between them are very few. Then, using algorithm SRA, the wireless sensor networks will have a long lifetime.



In future work, we will use heterogeneous networks to solve this very small difference of consumption between the nodes.
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Figure 1. Radio energy dissipation model, adopted from [17]. 






Figure 1. Radio energy dissipation model, adopted from [17].
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Figure 2. The sink in the middle and the nodes are scattered arbitrarily. 






Figure 2. The sink in the middle and the nodes are scattered arbitrarily.
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Figure 3. The constructed paths in iterations 1–15. 
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Figure 4. The constructed paths in iterations 16–20. 






Figure 4. The constructed paths in iterations 16–20.



[image: Information 09 00023 g004]







[image: Information 09 00023 g005 550] 





Figure 5. The constructed paths in iterations 21–35. 






Figure 5. The constructed paths in iterations 21–35.
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Figure 6. The constructed paths in iterations: 36–50. 
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Figure 7. Energy consumption by each node in each iteration. 
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Figure 8. Residual energy of each sensor for 50 iterations. 
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Figure 9. Energy consumed by each sensor for 50 iterations. 
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Figure 10. Residual energy of each sensor for 50 iterations. 
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Table 1. Radio characteristics used in our simulations.






Table 1. Radio characteristics used in our simulations.





	Parameter
	Value





	   E  e l e c    
	50 nJ/bit



	   E  f s    
	10 pJ/bit/m    2   



	   E  m p    
	0.0013 pJ/bit/m    4   



	   E 0   
	0.5 J



	k
	4000 bits



	   E  D A    
	50 nJ/bit/message



	   d 0   
	88 m



	  α  
	4



	  β  
	2



	  γ  
	2



	  δ  
	4



	  ρ  
	0.02



	initial value of    τ  i , j    
	0.0001



	initial value of    η  i , j    
	0.0001











© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file8.jpg
fprebiag = MASME e ol leagh =
PRt oI g kg MMM | o gt =
AN el b = SRS

W F Y F

(a)
(b) () (d) [t
)






media/file13.png
%%e path length = 277.759815

—2 —2
E” G
> 10 > 10
0 0
0 10 20 30 0 10 20 30
X (m) X (m)
(a) (b)
%r(\)e path length = 321.628122 %%e path length = 346.531723
—~20 —~20
£ E
> 10 > 10
0 0
0 10 20 30 0 10 20 30
X (m) X (m)
%t(i)e path length = 341.504020 %%e path length = 272.872341
E” E”
> 10 > 10
0 0
0 10 20 30 0 10 20 30
X (m) X (m)

(k)

(D)

%r(\)e path length = 296.302739

—~20
S

> 10

0

0 30

10 20
X (m)

(h)

t3r(|)e path length = 277.125451

30

=20
E

>10

0

0 30

%%e path length = 318.871235

30

10 20
X (m)

(i)

%lg)e path length = 288.318519

30

—~20
E

~

> 10

0

0 30

%I'(l)e path length = 281.486266

—~20
S

> 10

0

0 30

30

30





media/file12.jpg
0 P longth = 305.630283 (g9 path length = path lngth = '3 path eagth =
b d
Ll 0TI )0 path length =
25 e 201488208

T F

@ (b) ©

etz i
e puntong <UD s sy« 50 260

)

G ot 015020y o rgh =207 g+ 27






media/file18.jpg
Consumed energy

Energy consumed by each sensor

s w0 15 2 25
Sensors

30

(B crergy consumed by each sensor|
Energy consumed by each sensor|
—®— Average energy consumed





media/file9.png
t
3

(e}

he path length = 345.667453

X (m)

(a)

20

30

—~20
£

> 10

0

%r(\)e path length = 341.561627

0

—~20
£

> 10

0

%r(\)e path length = 290.597461

0

the path length = 323.847533

30

X (m)

(d)

20

30

%r(\)e path length = 349.520488

—~20
£

> 10

0

0 10 20 30
X (m)

(e)





media/file14.jpg
0,45 __Eneray consumed by each sensor in different terations
7 [ average snery consumed|
o sansort
—o— consor2
o sonsor3
—o— sonaor§
—e— consors
o sensor®
—o— sonsor9
o sansor 10
—o— sonsor 11
—o— sonsor 12
—o— sonsor 13
—o— sonsor 14
o sensorts
—— sonsor 16
o sansor 17
015 o —a— sonsor 18
—— sonsor 19
—— sonsor 20
—e—sonsor21
s 22
o sonsor 23
o sonsor 24
—o— tonsor25

8

025

Consumed energy

005

(] 10 2
Iterations

3 W0 E)





media/file20.jpg
Residual energy

Residual energy of each sensor

015
Sensors

T Fosidual anergy of each sensors|
—0-— Residual energy of each sensor
—®— Average rescua energy






media/file5.png
25

25





media/file15.png
Energy consumed by each sensor in different iterations

0.45

I o verage energy consumed
~~ sensor 1
=== sensor 2
~={—= sensor 3
i@ sensor 4
=& sensor 5
=—8— sensor 6
= sensor 7
~~ sensor 8
== sensor 9
~— sensor 10
—— sensor 11
== sensor 12
=& sensor 13
—&— sensor 14
- ~~ - sensor 15
——— sensor 16
~— sensor 17
- ——a— sensor 18
== sensor 19
——@— sensor 20
- ——a— sensor 21
~ - sensor 22
——£— sensor 23
= sensor 24
——fr— sensor 25

04r

o

W

&)
1

o
w
T

0.25

Consumed energy

o
N

0.15

0.1

0.05

0 10 20 30 40 50
[terations






media/file19.png
o
o

Consumed energy
o

o

O
~

—
w

.
N

Energy consumed by each sensor

o

5 10 15 20 25
Sensors

30

[ 1] Energy consumed by each sensor
~—— Energy consumed by each sensor
- Average energy consumed






media/file2.jpg
Ex(k)
K bit packet






nav.xhtml


  information-09-00023


  
    		
      information-09-00023
    


  




  





media/file11.png
the
3

path length = 335.793511

the

path length = 333.370385

the
3

10 20
X (m)

(f)

30

path length = 297.122068

10
X (m)

(k)

30

%r(\)e path length = 294.438824

—~20
E
> 10
0
0 10 20 30
X (m)
%r(\)e path length = 323.015365
—~2
é 0
> 10
0
0 10 20 30
X (m)

%r(\)e path length = 345.485534

—~20
£

~

>10

0

0 30

the path length = 370.542853

—~20
E
> 10
0
0 10 20 30
X (m)
(c)
%r(\)e path length = 317.323599
—~2
B 0
> 10
0
0 10 20 30
X (m)
%f(\)e path length = 315.666490
—~2
B 0
> 10
0
0 10 20 30
X (m)

the path length = 364.765521

10 20
X (m)

(d)

%lg)e path length = 316.690348

30

—~2
B 0
> 10|
0
0 10 20 30
X (m)
(1)
tj%e path length = 262.480560
—~2
£ 0
> 10
0
0 10 20 30
X (m)

%r(\)e path length = 341.714995

—~20
£

>10

0

o

30

%%e path length = 316.415892

—~20
£

~

>10

0

o

30





media/file6.jpg
et length < 35ATHN0D (o pothlongth » ZSII0NET 1o pathangth = 290.14T0HS (e path leogth = 322536721 fhopothlongth » 730258

@ (b) © ) (e)

g e 3555440 g +31S30ATE 5k ogth SIS e ptheoin = HAOID i 2025050

F R P

® (® ﬂ\) (l) G)

L T em———

(U] (m) (n) (n)





media/file1.png
1 initialization: initialize 7;; and 7; ;;

2 n = number of node, i = number of iteration;

3 Is: list of all nodes;

4 while t< m do

calculate p;  for each candidate of neighbour nodes, belongs to s ;

while i< n do

5

6
7 for each candidate create a vector containing p times the candidate;
s create a vector contains all these vectors;

9 mix the elements of this vector;

10 arbitrarily choose an element of this vector;

n the next node is the one selected from this vector;

2 remove i in the Is list (Is = Is — i);

3 send data and new Is list to the next node;

i +1;

15 | end

16 | thenode sends to the sink;

v | update7;jand p;
18 tet+1,
19 end





media/file10.jpg
xg-mnw-.m-;;vmu Gy pettomgen = 204430024 -ﬂ‘mm.. aT0 842853 ;,.mm-wum B 9oth bomgen = 301714005

(@) (b) © (d) (e)

T TR ——

A A d

® ) 0}

el < TS g < USARSISA g o ngh < USG50y g+ 6208560 e g 6 41502

(k) [0} (m) (n) (0)






media/file7.png
the
3

path length = 358.789809

the
30
—~20

=
>10

30

path length = 335.554449

0

o

the
3

30

path length = 317.895351

30

%%e path length = 253.201071

—~2
£ 0
> 10
0
0 10 20 30
X (m)
%I'(l)e path length = 315.306676
—~20
E
> 10
0
0 10 20 30
X (m)

(g)

%l?)e path length = 319.308122

30

%%e path length = 298.147995

30

%r(\)e path length = 363.151795

—~20
£

> 10

0
0 10 20

X (m)
(h)

grcr)e path length = 369.845010

30

30

%r(\)e path length = 323.536721

30

%%e path length = 298.692319

—~20
£

> 10

0
0 10 20

X (m)
(i)

%r(\)e path length = 319.430857

30

30

%f(\)e path length = 347.396256

30

%I‘(I)e path length = 320.230930

—~20
£

> 10

0

o
-
o

%r(\)e path length = 305.629763

30





media/file16.jpg
0.45)

03

Residual energy

02

0.15)

01

005!

Residual energy of each sensor in ditferent iterations

0 20 ) W0 0
Tterations

T average residua )|
5 sensort
—o— sensor2
o sensor
—o— sonsors
—e— sensors
—— censars
——cenr 7
o sensors
—o— sensors
—o— sensor 10
—o— sensor 11
—o— sensor 12
—o— censor 13
—o— sensor 14
o sensor s
—a— sensor 16
o sensor 17
—— sensor 18
—— sensor 19
—— censor 20
—e— sensor21
o sensor22
o sensor 23
o sensor 24
—o— sensor25






media/file3.png
Eyy (k. d)

Er«(k)

Egec-k

K bit packet

t J





media/file0.png





media/file17.png
0.5%

0.45

o
~

0.35

.
w

Residual energy

0.2

0.15

0.1

0.05

Residual energy of each sensor in different iterations

0 10 20 30 40 50

[terations

I average residual energy
" sensor1

=@ sensor 2
=i sensor 3
=@ sensor 4
=& sensor 5
=8 sensor 6
=——8— sensor 7
~ - sensor 8
= sensor 9
~== sensor 10
== sensor 11
=== sensor 12
- sensor 13
—— sensor 14
< sensor15
== sensor 16
~— sensor 17
=i sensor 18
== sensor 19
- sensor 20
——&— sensor 21
“ . sensor 22
i sensor 23
= gensor 24
= sensor 25






media/file4.jpg
25

20

X(m)

10

2

20





media/file21.png
Residual energy of each sensor

O
N

) Residual energy of each sensors
——-=— Residual energy of each sensor
- Average residual energy

o
—
w

Residual energy
= o
n —

0 5 10 15 20 25 30
Sensors





