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Abstract— We present a solution to the problem of routing
in a wireless sensor network based on Swarm Intelligence,
which has been applied successfully to other routing problems,
for example, the traveling salesman problem and others.
Routing in a wireless sensor network can be understood as
an optimization problem. In the solution presented, there are
both source and destination node. The problem is focused on
finding a path that allows optimally connecting both nodes. The
search space is the complete set of possible paths that connect
these two nodes. Two swarm algorithms were implemented for
routing: ant—based algorithm, and bee—based algorithm. The
results show that swarm intelligence improves the routing in a
wireless sensor network when it is considering aspects such as
the amount of energy available in the nodes. The simulations
show that it produces an improvement in the lifetime of the
network.
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Resumen— Se presenta una solucién para el problema
de enrutamiento en una red de sensores inalambricos
utilizando inteligencia de enjambres, lo cual ha sido aplicado
satisfactoriamente a otros problemas de enrutamiento, por
ejemplo, el problema del agente viajero, entre otros. El
enrutamiento en una red de sensores inalimbricos puede ser
entendido como un problema de optimizacién. En la solucion
presentada, existe un nodo origen y un nodo destino. El problema
esta enfocado en encontrar las rutas que permita conectar un par
de nodos de manera éptima. El espacio de busqueda es el conjunto
de posibles rutas que conectan esos dos nodos. Se implementaron
dos algoritmos bioinspirados para el enrutamiento: un algoritmo
basado en hormigas y otro algoritmo basado en abejas. Los
resultados muestran que los algoritmos Bioinspirados mejoran el
rendimiento en una red de sensores inalambricos, considerando
aspectos como la cantidad de energia disponible en los nodos. Las
simulaciones muestran que se produce una mejora en el tiempo
de vida de la red.

Palabras clave— Algoritmos Bioinspirados, cobertura,
conectividad, control de error, enrutamiento, métodos
de optimizacién, nodos, redes de sensores inalambricos,
rendimiento, simulacion.

Resumo— E apresentada uma soluciio para o problema de
roteamento em uma rede de sensores sem fio usando inteligéncia
de enxame, que foi aplicada com sucesso a outros problemas
de roteamento, por exemplo, o problema do agente viajante,
entre outros. O roteamento em uma rede de sensores sem fio
pode ser entendido como um problema de otimizacdo. Na
solucio apresentada, ha um né de origem e um né de destino.
O problema esta focado em encontrar as rotas que permitem



que alguns nos se conectem de maneira ideal. O espaco de
busca é o conjunto de rotas possiveis que conectam esses dois
nés. Dois algoritmos bioinspirados foram implementados para
o roteamento: um algoritmo baseado em formigas e outro
algoritmo baseado em abelhas. Os resultados mostram que os
algoritmos Bioinspirados melhoram o desempenho em uma rede
de sensores sem fio considerando aspectos como a quantidade
de energia disponivel nos nés. As simulacoes mostram que ha
uma melhora no tempo de vida da rede.

Palavras chave— Algoritmos Bioinspirados, cobertura,
conectividade, controle de erros, roteamento, métodos de
otimizacio, nos, redes de sensores sem fio, performance,
simulacao.

1. INTRODUCTION

IRELESS Sensor Network (WSN) has become one

less expensive and efficient alternative to monitor
events that may happen in specific geographic space. This
technology consists a bunch of electronic devices called
nodes deployed in a given area. A node is a device with
limited computing capabilities and wireless transmission.
These nodes have sensors that communicate changes in
some variables that may occur in the proximity of them. This
information is transmitted to a central node called collector
or sink. This node has communication with a personal
computer or notebook. This computer is used to centralize
the data of the WSN [1].

The problem is focused on defining a route that allows
connecting from a source node to a collector node through
a WSN. It supposes that there are a large number of sensors
in a geographic area and there is a need for communication
between a source and collector node. The construction of this
route is a difficult task because you have to take into account
several variables. One of the most important variables is the
energy of the sensors. This energy is exhaustible, and the
routing should seek to extend the lifetime of the network for
lasting monitoring.

Our proposal is based on swarm intelligence. The swarm
intelligence is a way to emulate the behavior of groups or
communities of living beings like ants, bacteria, bees, and
others. These organisms in their natural environments must
solve complex problems such as foraging and protection from
a predator. Studying the behavior of these organisms allow
developing algorithms that can be used to solve optimization
problems. We present two algorithms of swarm intelligence
to solve the routing problem in a WSN. The first one is based
on the cooperative behavior of ants and the second one is
based on the way that bee collects nectar.

This paper is organized as follows: in Section 2 we present
the theoretical framework; in Section 3 the background; in
Section 4 the problem; in Section 5 we propose the solution;
in Section 6 we show the results and discussion. Finally, in
Section 7 the conclusions and future work are presented.

II. RELATED WORK
A. Theoretical concepts

Wireless Sensor Network
A Wireless Sensor Network (WSN) consists of a large
number of small devices called nodes with limited computing
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power, wireless communication, and sensors to measures
some variables from the environment. A sink (central node)
node is responsible for collecting the information measured
for each node of the network [1, 2, 3].

WSN are capable of self-restore. It means that if a node
fails, the network finds new ways to route data packets. In
this way, the whole network survives, even if individual
nodes lose power or are destroyed [4].

Wireless Sensor Networks are a set of electronic
devices called nodes with the ability to sense the physical
environment variables such as temperature, humidity, sound,
light, atmospheric pressure, pollution among and others.
These devices communicate with each other wirelessly and
can be deployed in a wide geographical area. In this way, it
is possible to monitor events that occur within it. One of the
most important aspects of a WSN is to save as much energy
as possible [5]. An example of a WSN can be seen in Figure
1.
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The devices are distributed over a geographic area, and
they send the information to a central or sink node. The sink
node has serial and Ethernet ports. The central node transmits
the information to a PC. The PC will be responsible for those
processes that require high computational load, such as the
implementation of the routing algorithm.

Sensor

Fig. 1. Wireless Sensor Network [1].

Bio-inspired algorithms

Bio-inspired algorithms simulate the behavior of natural
systems. These algorithms can be applied in of non-
deterministic search. Bio-inspired algorithms are one of the
most promising areas of research in algorithms design [6, 7].

Bio-inspired systems model is an existing phenomenon
in nature. This phenomenon is general is not deterministic.
Also, often it also has a parallel structure by using several
organisms. The organisms are adaptive because they have a
feedback with the environment that they use to update their
behavior.

There are some models of bio-inspired systems used to
solve engineering problems. These include neural networks,
swarm-based optimization as Particle Swarm Optimization
(PSO), evolutionary algorithms, and immune algorithms [8].

Bonabeau et. al. [8] define the swarm intelligence as:
“Any attempt to design algorithms or problem solving-
devices inspired by the collective behavior of social insect
colonies and other animal societies” [8].
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There are several swarm intelligence optimization
techniques like ant colony optimization and bee colony
optimization. The ant colony optimization (ACO) tries to
solve some real problems by imitating the way that ants
look for food. ACO involves solving problems that can be
transformed into graphs as shown in [9].

Ant algorithms create artificial ants that mimic the
behavior of real ants. The real ants move by depositing
pheromones. These pheromones are perceived by other
ants, and it influences their behavior. The interaction of
ants, pheromones and a source of food produce the shortest
path between nest and food. This model is very useful for
troubleshooting routing in telecommunications networks
[10].

Other important techniques of swarm intelligence are bee
algorithms. These algorithms model the way that bees search
for nectar. The particularity of this behavior is how bees
communicate via dance to inform potential sources of food
for the entire colony. The colony must continually adapt
to each new situation, trying to have the amount of nectar
needed for maintenance of the hive, through the appropriate
division of labor between field exploration for new sources
of food and the exploitation of known sources [11].

B. Background

One of the proposed routing protocol for WSN using swarm
intelligence is presented in [12]. The great qualities of the
proposed protocol are self-organization, fault tolerance, and
environmental adaptation. Another important aspect of this
protocol is that it tries to behave like colonies which are
organized into groups (clusters) by mechanisms of generation
and evaporation of pheromones.

Chen et al. [13] show the importance of self-organization
in WSN. They propose a protocol in which first verify the
quality of the link before sending information. This protocol
called LQER (link quality estimation based routing protocol)
selects the route based on a historical state of link quality.
The proposed link quality is based on the concept of dynamic
window (m, k) where k is the size of the window and m is the
number of data packets traveling through it.

WSN are characterized by limited and non-renewable
energy supply and therefore an efficient way to extend the life
of the network infrastructure is required. One possible way to
solve this problem is presented in [14].

The routing in a WSN is a complex job due to restrictions by
the energy consumption. Conventional distribution protocols
of routing data are not efficient in these networks (WSN). In
[15] they have developed more specific protocols that solve
this problem in part.

III. PROBLEM

A possible application of the WSN is to monitor
environment variables. A WSN is composed of electronic
devices called nodes. The nodes have sensors to measure
variables such as relative humidity, temperature, sounds,
and others. The nodes of the WSN are distributed in a
geographical area to detect what is happening around it [15].

These wireless nodes have a limited source of energy,

which must be managed very well. Usually, this source is two
1.5 Volt batteries. These batteries allow to sensors of the node
to monitor what happens but allows them to communicate to
the central node. When a node communicates with others
within the same network consumes much energy due to the
use of wireless communication [16].

Typically, these networks are composed of many nodes that
cover a wide geographical area. For this reason, it is possible
to define different paths that could route the information from
any node to the central node [12, 13, 16, 17, 18, 19].

Aguilar et. al. [20] define the swarm intelligence as: “The
problem with the current protocols for sensor networks is that
they use the same path for each communication. However,
that is not good to extend the life of the network. Often,
when using the same path leads to energy depletion of the
nodes along of it that produces a partition of the network.”.

An alternative algorithm to define the routing in a WSN
is required. This algorithm should choose the best routes
of communication between nodes that are within the same
network. To this must be taken into account that the power
consumption should be low, since this comes from an
exhaustible source, the range of the nodes is limited and,
then, there are many possible routes within of the network.

IV. SorLuTtioN

We used the swarm intelligence to solve the routing
problem in WSN. The swarm intelligence has shown its
efficiency to solve routing problems as traveling salesman,
quadratic assignment, and others. Two algorithms were
designed: (i) Ant colony optimization (ACO); (ii) Bee
colony optimization. A description of both algorithms ants
and bees is presented. Also, a simulator was developed to
test the designed algorithms.

A. Algorithm Ant Colony Optimization to routing a WSN
into Colony Optimization

To describe the routing process, we use the node
distribution shown in Figure 2. A network of wireless sensors
with 5 devices is proposed, all with most of their energy. The
distances among the different nodes are shown in Figure 2.
The coverage radius of each sensor is 70 meters.

Power: 48

Fig. 2. Plane of routing to explain the ant algorithm.

Given this information and assuming that you want to
perform routing between sensor 5 and 1. The pheromone
matrix is shown in table 1.

Entre Ciencia e Ingenieria, vol. 12, no. 24, pp. 130-137, julio-diciembre de 2018.



The Pheromone matrix (t) is a square matrix with a
dimension equals to the number of nodes in the network.
This matrix is initialized with a value 7_, . T_, . is calculated
dividing the distance between the node both transmitter and
the receiver (in this case 76.79 meters) by the number of
nodes (5 in this case). The value for t_, . would be 0.002604.
The diagonal of the matrix is initialized to zero because these
positions represent the connection of a node to itself.
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Energy available energy or power in node y.
o, Parameter to control the importance of .

B Parameter to control the importance of .

In the example, the ant is located at the node 5. To select
the next node in the tour of the ant the transition probabilities
to go to node 2, 3 and 4 must be calculated. The transition
probabilities are shown table 2. The highest probability is

PHER O{/ﬁ:s ;AATRIX that of sensor 3 because it is the closest node to the receiver
1 > 3 2 p and it has good energy available. If for some reason it has no
SEN- energy, the algorithm would give it a low probability and the
SOR high probability would be in another node.
1 0 0.002604 | 0.002604 | 0.002604 | 0.002604 TapLe I
T
2 | 0.002604 0 0.002604 | 0.002604 | 0.002604 RANSITION PROBABILITIES
3 | 0.002604 | 0.002604 0 0.002604 | 0.002604
s, 0.000000514 0.000000899 0.000000546
4 | 0.002604 | 0.002604 | 0.002604 0 0.002604 7
5 | 0.002604 | 0.002604 | 0.002604 | 0.002604 0 Node 2 (y=2) Node 3 (y=3) Node 4 (y=4)

The next step is the construction of the tours of each of the
ants from the transmitting node (5) to the receptor node (1). It
assumes that an ant is at node 5. The ant must decide the next
node that it goes to visit. The general way to choose the next
node is shown in Equation 1, which shows the probability
that has a node to be selected to belong to the tour of an ant
but considering only the distance.

K (Tgy)(nfc;y)

pxy = )
Y 2(E,)(y)

Where,

pk”_ Probability of ant k to move from node x toward node

V.
t,, Amount of pheromone between node x and node y.

n, Heuristic measure that indicates the cost to move from
node x toward node y. In this case n., =1/d_ where dxy
is the distance between node x and y. ’

o Parameter to control the importance of T,

B Parameter to control the importance of n_ .

In this work, the aim is to find a tour but considering
the amount of energy in the nodes. Equation 2 shows the
probability that has a node to be selected to belong to the tour
of an ant but considering both the distance and the energy.

ko _ [Tx y]a[nxy]B[EnerQYy]ﬁ
Xy a
pX [Tx y] [nxy]ﬁ [Energyy]ﬁ

(@)

Where,
p*,, Probability of ant k to move from node x toward node y.

T, , Amount of pheromone deposited between node x and
node y.

nxyHeuristic measure that indicates the cost to move from
node x toward node y. In this case n, :1/de where dxy is the
distance between node x and y.

The ant is located at node 5, so it has two strategies to
select the next node: exploitation and exploration. To
choose the strategy, a random number between 0 and 1
is generated. There is a parameter in the algorithm called
probability of exploitation. If the random number is lesser
than this probability, the next node to be selected should be
the node with the highest probability. We call this strategy
exploitation. If the random number is higher than this
probability the next node will be selected taking a random
between possible nodes. The last process defines the next
node to be visited by the ant. This process is repeated until
the receiver node is reached. The nodes that the ant visited
form the route of this ant.

Now the pheromone trail is updated. This update is
applied to routes found by each ant, and this is called local
pheromone update. The process is done in sequential order.
For the example of performing routing between the sensors
5 and 1 (Figure 2), the route found by the ant is {5-4-1},
this formula is applied in the position 15, 4 and 14,1 of the ©
matrix. The local pheromone update is done using equation
3.

Talc(yz(l_p)-falccy+AT:Ic(y 3)

Where,

tk”_ Amount of pheromone between node x and node y.

p  Coefficient of pheromone evaporation.

A" Amount of pheromone change between node x and
node y produce by ant k.

When all ants find their routes, it is necessary for calculating
the performance of each path. Comparing the fitness of all
tours the best path is detected. In our example (Figure 2) the
best tour is {5-3-1}, and its fitness is 0.090. The pheromone
among the nodes that form the best tour is updated, and this
is called global pheromone update using equation 4.
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hsti= (1 — ). elot 1A glek )

Where,

%" Amount of pheromone between node x and node y
belonging to the best tour.

p Coefficient of pheromone evaporation.

A " Amount of pheromone change between state x and
state y belonging to the best tour. In this case A T2 = 1/d, *N
where d, is the distance between transmitter and receiver

node and N is the total number of sensor.

The result is meaning that in the positions 1, and 1, of
the pheromone matrix t the pheromone is changed based on
Equation 4. This cycle should be performed until the number
of iterations is reached. At the finish, the algorithm returns
the best-found solution.

B. Bee algorithm adapted to WSN.

To describe the routing process, we will take into account
the node distribution shown in Figure 3. A WSN with six
devices is proposed, all of them with most of their energy. The
distances among the different nodes are shown in the plane.
The coverage radius of each node is 70 meters. The goal is to
establish a connection between nodes 1 and 6.

To solve this problem, five bees are used. Each bee makes
a random tour from transmitter to receiver node. There is a
parameter (SS= Selected Sites) that define the quantity of tour
to be selected from the total number of tours. Assuming that
each bee generated a successful tour, the tours would be the
shown in table 3.

Power: 48

Fig. 3. Plane of routing to explain the bee algorithm.

TasLE 111
TOURS OF THE FIVE BEES
SENSOR S1 S2 S3 S4 S5
BEES

1 6 5 4 3 1
2 6 5 4 3 1
3 6 5 2 3 1
4 6 5 3 4 1
5 6 5 3 2 1

For this example, SS is equal to five, therefore, all the

five random routes found by bees are stored. The tours are
organized from high to low fitness. From five tours, the three
with higher fitness are called elite sites (highlighted in the
table). The others two tours are called normal sites. The first
elite site is modified using a heuristic. In our example, the
elite site that corresponds to the best tour of first elite bee
would be from origin 6 to destination 1, i.e., the route {6-
5-4-3-1}.

A random number between 1 and 5 is generated. For
example, if the generated number is 2, then taken as cutoff
point and from there a new route to the destination is created.
The new origin is the sensor 5. The Partial tour of the first
elite bee will be origin 6 to destination 5, i.e., the route {6-
5}.

Now, a Tour is newly created, but considering that the
origin is sensor 5 and the destination is the sensor 1. The
selection of the next sensor from the new origin it should
consider some aspects: (i) the possible sensor should be on;
(i) must be within the coverage of the sensor origin; (iii)
the distance sensor possible to the receiving node must be
smaller than the source sensor to the receiver.

A possible sensor should have met the rules mentioned. In
our example is located in the sensor 5, it is possible to jump
to nodes 2, 3 or 4. The aim is to select the next node trying
to get the best tradeoff between distance and energy, so we
need to apply Equation 5. So, we obtain the maximum value
to choose the selected sensor. For the example of Figure 3,
the selected sensor is number 3.

[Energyy] (5)

value,, = |-—
4 [distancexy]

Where,

value_ Value cost to move from node x toward node y.
distance  Distance between node x and y.
Energy, Available energy or power in state or node y.

Equation 5 should be done with all possible nodes to reach
the receiver node. This new tour will be stored. Continuing
the example, the new tour for first elite bee might be {6-5-3-
1}. This cycle should be performed until all bees complete
its tours.

After, should calculate the profits of each of the solutions
found by the bees. Then, the solutions are sorting in
descending order according to its profits. The Selected Sites
(SS) are selected (five according to the example) which were
the basis of the generation next. This process must be done
by the number of iterations. Finally, the algorithm returns the
best solution found.

V. RESULTS AND DISCUSSION

We use the BIOROUTE simulator [21] for testing the
algorithms. Manually one thousand nodes were distributed
(See Figure 4), in a plane of 100m x 100m. Bio-inspired
algorithms base on swarm intelligence were run 5 times. A
non bio-inspired algorithm was implemented, and it was run
50 times. The average length belongs path found, energy
consumed, number of hops (number of sensors that should
light from the source node to destination node) and, the CPU
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time consumed is taken into account. In our work, the number
of hops is counted from the transmitter node to the receiver
node. For example, in the route {9-10-1}, the number of hops
would be three and not two due the three sensors perform
power consumption.
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A. Non Bio-Inspired Algorithm

The algorithm was designed using the multi-hop model;
i.e., a node transmits to the receiver node by forwarding its
data to one of its neighbors, which is near to the receiver
node. The last procedure is repeated until the receiver node is
reached [22]. Fifty running of the algorithm were performed.
This approach only took into account the distance and not
the energy available therein. The results are shown in Figure
5, which shows that the values found are very next to the
actual distances.

The disadvantage ofthe multi-hop algorithm refers solutions
found will be repeated, and this will cause problems. The
algorithm does not take into account the available energy of
the sensors, and the calculated route is always the same. It
can cause problems for the network, because the nodes that
are used continuously may finish its energy. Therefore, the
network can be split with good energy in some nodes but
without communication among them.

LENGTH

140 A

120
100
80 7
60
40
20 1

0

Meters

25Sensors | 100 Sensors | 200 Sensors | 500 Sensors 1000

Sensors
73,76
73,84792424

[mActual Length| 1351
| = Found Length | 135,1503712

109,48 99,96 120
110,3307496 | 100,3696672 120,03

Fig. 5. Average length of no bio-inspired algorithm with different number
of nodes.
B. Bio-inspired Algorithms

In the simulations, we considered the next situations: (i)
Optimize distance. It means that the calculations only take
into account the distance between the different nodes; (ii)
Optimize energy. It means that the calculations only take
into account the energy; (iii) Optimize distance and energy:
It means that the two variables are considered to calculate the
best route. Figure 6 shows the behavior of the bio-inspired
algorithms. The simulations were done using both an ant
algorithm and a bee algorithm.

135

Average Length 1000 sensors

=

Meters
b—-NWbU"Gﬁ\lm\DS
[=lelalalalelal=lal=]
i o

optimizing
distance

optimizing
energy

optimizing
distance and
energy
73,83540123

97,0210257

H Ants 73,84792424
73,83861913

73,84792424

96,16691232
89,74883372

M Bees

® No Bioinspired

Fig. 6. Average length of bio-inspired algorithm with 1000 nodes.

The three algorithms solved each simulation. When we
use the distance to optimize, the algorithms have a similar
behavior. If we use the energy to optimize, the bee algorithm
is the best. When we use the distance and the energy to
optimize, the shortest route is found by the algorithm. Figure
7 shows the CPU time of the implemented algorithms.

According to Figure 7 the algorithm computationally
most weight is the ant colony optimization (ACO). The
faster algorithm is the non-bio-inspired algorithm, but it has
problems with the life of the network.

C. Analysis of results with the discharge of the wireless
sensor network

This test was performed in order to observe the behavior of
the two algorithms through time elapsed and until was finish
the energy total in the Wireless Sensor Network (WSN). We
used a WSN with twenty-five sensors, and we assigned energy
of 0.1 Ah for each node in the network, i.e., it was assigned
only 2% of the total energy which a node can have (4.8 Ah).

Average CPU Time 1000 Sensors
300 1
250 -
2 200 -
] 150 -
K] 100 -
50 7
0
Optimizing Optimizing Optimizing
Distance Energy Distance and
Energy
H Ants 174,5307988 288,0496065 174,1813565
W Bees 10,7328688 33,53085494 14,2116911
™ No Bioinspired | 0,030576196

Fig. 7. Average CPU time with 1000 sensors.

Random events were simulated to probe the behavior of the
WSN. A node is chosen of random way to send information
to another node which also was chosen randomly. After,
routing is performed. The energy of the nodes of the route
is decreased. The quantity of energy consumption depends
if the node is transmitting o receiving information. When a
node transmits information consumes a total of 0.00974 A.
When a node receives information uses a total of 0.00997
A.[23].

This process is performed cyclically until all sensors went
out, So, the life of the network finished.
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The last process was performed 20 times with every
algorithm and only taken into account the optimization of
distance and energy simultaneously. Each time the number
of events generated is stored until the network is fully
downloaded. Figure 8 shows the average of events that were
generated in the WSN.

Number of Events until the total
discharge of wireless sensor network

A
100 ///

2
S 80 -
3
Rl
w1
£ S
20 1 %
0
Algorithms
W ANTS 79,75
M BEES 81,8

Fig. 8. Full discharge times of the Wireless sensor network.

The network is discharged of balanced form, although
the events were completely random. The tests showed that
the maximum number of nodes with energy at end of the
discharge did not exceed 2. It important mentioning that there
were not isolated sensors. This behavior is different to the
non-bio-inspired algorithm.

VI. CONCLUSIONS AND FUTURE WORK

in this paper, we proposed the design and implementation
of bio-inspired algorithms to solve the routing problem in
Wireless Sensor Networks (WSN). We create two bio-
inspired algorithms based on ants and bee behavior.

The non-bio-inspired algorithm can find a route in a fast
way, but, routes found are repeated because the algorithm not
taken into account the nodes energy. Therefore, it can cause
nodes discharge in an unbalanced way, which results in the
network partition. We observed that the routes found by bio-
inspired algorithms are not always the same, this contributes
to the network is discharged a balanced way. The explaining
can be the random nature of bio-inspired algorithms and, that
they consider the energy of sensors.

The bio-inspired algorithms developed can find possible
solutions to communicate two sensors. However, the found
routes depend on the randomness of such algorithms. The
computational runtimes show the bee algorithm was faster
than the ant algorithm in most tests, and this is due that the
ant algorithm must perform a more complex computation. In
this work only was considered an event at time.

As future work, we can be considering more events at
the same time in different nodes. We propose design and
implement others bio-inspired algorithms such as particle
swarm optimization (PSO), genetic algorithms, bacteria
foraging optimization (BFO), and others to solve the
problem of routing a WSN. Finally, we propose to design
and to implement bio-inspired algorithms to achieve the
routing in an actual WSN.

(1]

[2]
[3]

(4]
[3]
[6]

[7]
[8]
9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Entre Ciencia e Ingenieria, vol. 12, no. 24, pp. 130-137, julio-diciembre de 2018.

REFERENCES

I. Mohammad y M. Imad, Handbook of Sensor Networks:Compact
Wireless and Wired Sensing Systems, London: CRC Press Boca Ra-
ton, 2004.

I. Akyildiz y M. Can Vuran, Wireless Sensor Nerworks, United
Kingdom: Wiley, 2010.

O. H. Mondragon Martinez y Z. M. Solarte Ataiza, «Architecture
for the Creation of Ubiquitous Services Devoted to Health,» Entre
Ciencia e Ingenieria. , vol. 5, n° 10, pp. 9-23, 2011.

N. Aakvaag y J. Frey, «Redes de sensores inalambricos,» Revista
ABB, vol. 4, n° 2, pp. 39--42, 2006.

H. M. Ahmad Fahmy, Wireless Sensor Networks, Singapure: Spring-
er, 2016.

D. Rocha, D. A. Lopez Sarmiento y E. Gémez Vargas, «Los sistemas
Bioinspirados y su enfoque en lasolucion de necesidades en la Inge-
nieria,» REDES DE INGENIERIA, vol. 1, n° 2, pp. 22-29, 2012.
M. Gong, L. Pan, T. Song y T. Zhang, Bio-inspired Computing —
Theories and Applications, Singapore: Springer Singapore, 2016.

E. Bonabeau, M. Dorigo y G. Theraulaz, Swarm Intelligence: From
Natural to Artificial Systems, New York: JASSS, 1999.

M. Lopez-Ibanez y T. Stutzle, «The Automatic Design of Multiob-
jective Ant Colony Optimization Algorithms,» IEEE Transactions
on Evolutionary Computation, vol. 16, n® 6, pp. 861-875, 2012.

M. Dorigo y T. Stiitzle, Ant Colony Optimization, United States:
Massachusetts Institute of Technology, 2004.

W. Alfonso, M. Mufioz, J. Lopez y E. Caicedo, «Optimizacion de
funciones inspirada en el comportamiento de busqueda de néctar en
abejas,» de Memorias del Congreso Internacional de Inteligencia
Computacional (CIIC2007), Cali, 2007.

M. Paone, L. Paladina, D. Bruneo y A. Puliafito, «A Swarm-based
Routing Protocol for Wireless Sensor Networks,» de Network Com-
puting and Applications, 2007. NCA 2007. Sixth IEEE International
Symposium on, United States, 2007.

J. Chen, R. Lin, Y. Li y Y. Sun, «LQER: A Link Quality Estimation
based Routing for Wireless Sensor Networks,» Sensors, vol. 8, n® 2,
pp. 1025-1038., 2008.

N. Latiff, C. Tsimenidis y B. Sharif, «Energy-Aware Clustering for
Wireless Sensor Networks using Particle Swarm Optimization,» de
Personal, Indoor and Mobile Radio Communications, 2007. PIMRC
2007. IEEE 18th International Symposium on, United States, 2007.
C. Beltran y C. Franco, «Wireless Sensor Networks,» Bit, vol. 2, n°
165, pp. 61-64, 2007.

R. Hidalgo y J. Moreno, «Routing Design in Wireless Sensor Net-
works and a Solution for Healthcare Environment,» IEEE Latin Am.
Trans, vol. 9, n° 1, pp. 353-359, 2011.

I. Akyildiz, W. Su, Y. Sankarasubramaniam y E. Cayirci, «Wireless
sensor networks: a survey,» Computer networks, vol. 38, n° 4, pp.
393-422,2002.

A. Mainwaring, D. Culler, J. Polastre, R. Szewczyk y J. Anderson,
«Wireless sensor networks for habitat monitoring,» de Proceedings
of the 1st ACM international workshop on Wireless sensor networks
and applications, New York, 2002.

A. Kaur y K. Guneet, «Enhanced ECC Algorithm for Energy Effi-
cient Code,» 2017 4th International Conference on Signal Process-
ing and Integrated Networks (SPIN), pp. 459-462, 2017.

J. Aguilar y A. Labrador, «Un Algoritmo de enrutamiento Distribui-
do para redes de comunicacion basado en sistemas de hormigas,»
IEEE Latin America Transactions, vol. 5, n° 8, pp. 616-625, Decem-
ber 2007.

J. C. Blandon y J. A. Lopez, «Bio-Route: un simulador para redes de
sensores inalambricos,» Revista Educacion en Ingenieria, vol. 7, n°
3, pp. 23-31, 2012.

J. T. Serna, REDES DE SENSORES INALAMBRICAS, Valencia
Espafia: Biblioteca Universitat de Valencia, 2007.

Crossbow, Wireless Sensor Networks, San Jose, California: Cross-
bow Technology. Inc, 2007.



137

Juan Carlos Blandoén A. System Engineer
at Universidad Cooperativa de Colombia in
2004. Master in Engineering focused on systems
and computation, Javeriana University Cali
Colombia in 2011. Ph.D. in Engineering—
systems and computing at Universidad Nacional
de Colombia Medellin in 2017. Associate
Professor at Universidad Catolica de Pereira,
Colombia. His research interests are focused in
Software Engineering and Artificial Intelligence.
ORCID: http://orcid.org/0000-0003-1566-1832

Jesiis Alfonso Loépez. Born in Cali in
1972, he obtained his degree as an Electrical
Engineer at Universidad del Valle de Colombia
in 1996. He graduated as Master on Automatics,
I at the same university in 1998. He obtained

/ . & his Doctor of Engineering (Ph. D.) degree
y at Universidad del Valle in 2007. His areas

J | / of interest are artificial neural networks and

& / } deep learning and, the applications of fuzzy

systems and evolutionary computing. He is also
interested in the tools that facilitate the teaching of computer intelligence
and automatic control. He is a professional member of IEEE; he belongs to
Computational Intelligence and Automatic Control chapters. He is currently
linked to the Universidad Auténoma de Occidente in Cali and he belongs
to the Research Group in Energy, GIEN. He has published several articles
and books on topics of Artificial Neural Networks and Intelligent Control.
ORCID: https://orcid.org/0000-0002-9731-8458

Luis Eduardo Tobén Llano. Received
the B.S. degree in electronics engineering
and the M.S. degree in material science
from the Universidad del Quindio, Armenia,
Colombia, in 2003 and 2007, respectively,
and the Ph.D. degree from Duke University,
Durham, NC, USA, in 2013.

He has been with the Department
of Electrical Engineering and Computer
Science, Pontificia Universidad Javeriana at
Cali, Cali, Colombia, since 2007, where he
is currently a Research Associate Professor. His current research involves
using continuum level modeling and simulation to characterize complex
systems and phenomena (electromagnetics, vibrations, dynamics, acoustics,
thermography). He focuses on reducing the computational complexity of
simulation methods to understand structures on large-scale systems, based
on computational domain decomposition and orthogonal basis functions.

Professor Tobon is also interested in the properties of families of
orthogonal functions to perform computationally efficient signal analysis
for detection and classi cation, and data compression for various contexts.
Based on this approach, we are recently working on soundscape as a means
to diagnose the health of urban and natural environments, in collaboration
with the Alexander Von Humboldt Institute.

Professor Tobon has been working in applications of emerging
technologies associated with the Internet of Things (IoT), from acoustic
noise analysis to agriculture. These works have been supported by
the Center of Excellence and Appropriation on the Internet of Things
(CEA-IoT), through the project funded by the Colombian Ministry for
the Information and Communication Technologies (MinTIC), and the
Colombian Administrative Department of Science, Technology, and
Innovation (Colciencias). ORCID: https://orcid.org/0000-0003-2500-0982

Entre Ciencia e Ingenieria, vol. 12, no. 24, pp. 130-137 , julio-diciembre de 2018.



