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Abstract One of the important research topics in the literature of Wireless Sensor Network (WSN) is the design of an
efficient routing protocol. This latter is a continuous challenging task due to the networks’ variable topology and limited
resources. Many researchers have proposed various routing protocols for WSN using some principles taken from geometric
field or modifying some classical protocols or inspiring algorithms from nature (bio-inspired system). In this paper, we
have tried to make a comparison between geometric field and bio-inspired system through a case study of two algorithms:
one, which has already existed, known as DIR or compass routing protocol and the other one, which is a new proposal,
known as BeeRP (BeeRoutingProtocol) inspired from bees’ communication. The outcome of this work shows that both
algorithms are similar having the same intrinsic principle based on direction towards the destination in routing, whereas
their tools differ. Therefore; the choice of nature, with its boundless source of ideas, proves that it can give the same solu-

tions as geometric field.
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1. Introduction

Wireless sensor networks (WSN) have been identified as
being key technology in monitoring and detecting threats.
They consist of a set of nodes powered by batteries and
collaborating to perform sensing tasks in a given environ-
ment. They have a wide range of applications such as envi-
ronmental monitoring, biomedical research, human imaging
and tracking, and military applications[2,5].

Wireless sensor network design is influenced by many
factors, which include fault tolerance, scalability, production
costs, operating environment, sensor network topology,
hardware constraints, transmission media and power con-
sumption.

Most of the routing algorithms for traditional networks are
address centric, and the ad hoc nature of wireless sensor
network makes them unsuitable for practical applications.
Also the algorithms designed for mobile ad hoc networks are
unsuitable for wireless sensor networks due to the severe
energy constraints that require nodes to perform for months
with limited resources, as well as the low data rate which the
constraint implies[1].
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In general, two distinct classes of routing protocols are
presented in the literature; the first one is the classical
non-geographic routing protocols being either proactive,
reactive or hybrid. This class suffers from a huge amount of
overhead for route setup and maintenance due to the frequent
topology changes; moreover the route discovery or link state
updates affect negatively the traffic network and limit its
scalability and efficiency. The second class is reserved for
geographic routing (called geo-routing) protocols. They are
very efficient due to their ability to find new routes in both
static and mobile networks with frequent topology changes
by using only local topology information. In this kind of
protocols, nodes need to know their geographic locations
(using some localization mechanisms like GPS), destination
location and direct neighbors’ locations.

A third issue to propose new solutions for the above
problems in routing, for WSN, is entirely different, it is that
of nature. Many researchers have turned the ruder towards
the nature field to inspire biological ideas. They have ar-
gued[9,10] that there is a great opportunity to find solutions
in biology that can be applied to problems in networking[11]
such as ant colony. In fact, the relationship between com-
puter systems and biology is not a new idea[8], however, the
unprecedented complexity and scale of modern networks
demands investigation from a different angle in this field.

Following the path of the naturalist researchers, we have
tried to compare a routing protocol inspired from bee’s
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communication, from which the name BeeRP is inspired,
with another routing protocol taken from the geometry field
called DIR or Compass routing. The outcome of this work
shows that both algorithms are similar having the same in-
trinsic principle based on direction towards the destination in
routing, whereas their tools differ.

This paper is organized as follows. In section 2, we have
given an overview about routing in wireless sensor network.
Section 3 is a presentation of Geometric routing protocols for
wireless sensor network. The following section (section 4) is
divided into two parts; the first one is a concise presentation
of the bio-inspired systems in WSN. The second part is a
presentation of BeeRP (Bee Routing Protocol), a routing
algorithm inspired from bee’s communication. Section 5 is
dedicated to the simulation to prove the similarity of the two
algorithms mentioned previously. Finally, section 6 con-
cludes the essential points and main results reached through
this work along with some guided perspectives.

2. Routing in Wireless Sensor Network

Wireless sensor networks can be considered as ad-hoc
networks. However, ad-hoc protocols do not respect some of
the sensor networks requirements: sensors present low
power battery, low memory, the routing tables grow up with
the network length and do not support diffusion communi-
cation. These are the main reasons why it is necessary to
design new protocols, built on the most important criterion
energy/efficiency.

Designing an algorithm to implement the shortest path
routing between nodes for information transfer is a very
complex matter. The goal of any algorithm is to efficiently
find a path from one node to another using the least amount
of ”hops” possible in a Multi-hop Wireless Network. There
are many things to take into consideration before a shortest
path routing algorithm can function. Power conservation and
memory management create complexities that make devis-
ing an efficient route selection algorithm rather difficult.
However, the research presented implements a possible
solution[6].

Routing algorithms in WSNs must be designed keeping
the following requirements and constraints in mind:

- Power efficiency is the most important consideration due
to the limited capacity of a sensor node.

- The WSN has to be self-organising.

- WSNs are mostly data-centric.

- Position awareness is extremely important in many WSN
applications.

- Data collected by sensor nodes may contain large
amounts of redundancy. Therefore, in-network aggregation
would have to be performed.

- The large numbers of sensor nodes in typical WSN de-
ployments make it impossible to build a global addressing
scheme.

- Post-deployment, WSN nodes are stationary in most
cases. In some applications, however, sensor networks may

be allowed to move and change their location (although with
low mobility).

- Sensor nodes mainly use a broadcast communication
paradigm, whereas most ad hoc network routing algorithms
use the point-to-point communication paradigm.

Routing protocols specifically designed for sensor net-
works are categorized into three types: data-centric, hierar-
chical, and location-based. In addition, slightly different
approaches such as network flow and Quality of Service
(QoS) are explored to consider end-to-end delay and energy
efficiency while finding paths in the wireless sensor net-
works.

3. Geometric Routing Protocols for
Wireless Sensor Network

As mentioned above, geographic routing is receiving more
and more attention since it is a memory-less and scalable
approach. Thus many proposals and protocols have mush-
roomed in this field almost all over the world. From 1984 to
1986, three progress based geo-routing protocols have been
gaining importance, were already proposed for packet radio
networks and were lately rediscovered for mobile ad-hoc and
sensor networks. These approaches are based on the progress
which is defined as the projection of the distance traveled
over the last hop from S (source) to any node A onto the line
from S to the final destination D. MFR (Most Forward within
Radius) proposed by Takagi and Kleinrock[1] was the first
geographic routing algorithm and the first protocol using this
system and. It was introduced as an attempt trying to mini-
mize the number of hops by selecting the node with the
largest progress from its neighbors. The objective of this
protocol was to obtain the optimum transmission radius in a
contention-based channel. Three months later, a new pro-
tocol called RPM (Random Progress Method) was proposed
by Nelson and Kleinrock[2]. In fact, it is based on the MFR
principle with a slight modification. In RPM packets des-
tined towards D are routed with equal probability towards
one intermediate neighboring node that has a positive pro-
gress. The rationale for the method is that; if all nodes are
sending packets frequently, probability of collision grows
with the distance between the nodes, and thus there is a
trade-off between the progress and transmission success.
Two years later, Hou and Li[3] have proposed NFP (Nearest
Forward Progress) which contributed in minimizing the
interference with other nodes and the overall power con-
sumption by transmitting the packet to the nearest node with
forward progress. MFR, RPM and NFP, though they are
simple localized algorithms, highly efficient in a dense graph
and loop-free, are nevertheless, incapable to guarantee de-
livery, whenever there exist voids in a network.

In 1987 Finn, in[4], had proposed a localized greedy
scheme called GF (Greedy Forwarding) as variant of random
progress method, where the node, currently holding the
message, will forward it to the neighbor that is closest to
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destination. Only nodes closer to destination than the current
node are considered. This greedy algorithm is greedy for-
warding with limited flooding; and therefore; it has the same
advantages and insufficiencies as the precedent algorithms.

In 1998 and 1999 was born a type of routing protocols
called directional routing protocols. Two of its protocols
Dream[5] and LAR][6], appeared in the same year. Dream
(Distance Routing Effect Algorithm for Mobility) was pro-
posed to use the location information for data delivery in ad
hoc network. In this routing protocol the packet is forwarded
to all nodes in the direction of the destination. Based on the
destination location and its velocity, the source determines
an expected zone for the destination and forwards the packet
to all nodes within an angle containing the expected zone. If
the sender has no neighbors in the direction of the destination,
a recovery procedure using partial flooding or flooding is
invoked. LAR (Location Aided Routing) uses the location
information of nodes for route discovery and not for data
delivery. It improves the performance of non-geographic ad
hoc routing protocols by limiting discovery floods to a geo-
graphic area around the destination expected location. One
year later, Kranakis, Singh and Urrutia have proposed in[14]
DIR (DIRectional) or Compass routing where a node for-
wards the packet to the neighbor whose edge has the closest
slope to the line between that node and the destination; that is
the neighbor with the closest direction to the destination (see
figure 1). For example, in figure 2, the source or intermediate
node A uses the location information of the destination D to
calculate its direction. Then the message m is forwarded to
the neighbor C, such that the direction AC closest to the
direction AD. This process repeats until the destination is,
eventually, reached. In this example, the path selected by
DIR method is SACJKLMND.

Closest direction

*

Figure 1. S selects the node A which has the smallest angle ASD

3 e S H i
Figure 2. Using DIR protocol, the path from S to D is SACJIKLMND

We notice that all these algorithms based directional have
very high delivery rates for dense networks, but low for spars
graphs. In addition to that the compass routing is not a
loop-free. Another local algorithm called Compass Routing
Il appeared in[8], to mark its contribution in confirming the
attainment of the packet to its right destination. Compass
Routing 1l, which becomes known as face routing or pe-

rimeter routing, works in planar unit graphs by traversing the
faces intersecting the line between the source and the desti-
nation consecutively until reaching the destination. This
algorithm was considered as the First correct algorithm.

4. A Novel Bio-inspired Idea to Present
the Same Geometric Routing Protocol
for WSN: BeeRP (Bee Routing
Protocol)

The idea of bees approach is applied by several research-
ers to solve different problems in Network communication.
There are recent works on Bee-based routing like QoS
Swarm Bee Routing Protocol for Vehicular Ad Hoc, Net-
works, localization of wireless sensor network using Bees
Optimization Algorithm and cluster based wireless sensor
network routings using Artificial Bee Colony Algo-
rithm[3-5,13].

In our turn, we have tried to take a global idea inspired
from bee's communication which is the direction to reveal
the existence of the geometric routing protocol called
DIR[14] in the bio-inspired field.

In this section, an overview will be given about the won-
derful bees’ communication. The next step will be that of
selecting the architecture of sensor network to apply the
bio-inspired routing that we have named BeeRP. And the last
step in this section will present in detail this algorithm.

4.1. Bees' Communication

Honeybees communicate through their movements. They
attract the attention of other bees and let them know where to
find nectar using movements that look like a dance. The
movements show the other bees the way and the distance to
reach their goal. Bees usually move in the form of figure
eight. Slow dancing means the nectar is far away, fast
dancing means it is nearby.

If the dance floor is horizontal, the indication of direction
is straight-forward: the wagging (straight) portion of the
eight-figure dance points towards the food source (and in the
same direction as the bee runs through it). But, what does the
dancing bee use as compass to accurately point in the right
direction? The bee reference is the direction of the sun. If the
dance floor is vertical, the indication of direction requires a
higher-level language that can communicate horizontal di-
rections with an indirect, symbolic, representation. In a ver-
tical plane, the natural reference is gravity, so the dancer
replaces the real reference, the sun, by the "UP" direction.
For example, if the bee maintained the sun 70 degrees to her
left when flying towards the nectar, the wagging portion of
her dance will point 70 degrees in the clockwise direction
from the upwards vertical direction. The bee transposes the
solar angle into a gravitational angle! On an oblique comb
the gravitational transposition works well up to an angle of
about 10 degrees to the horizontal.
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Figure 3. Bees' dance

There are two main hypotheses to explain how foragers
recruit other workers — the "waggle dance" or "dance lan-
guage" theory and the "odor plume" theory. The dance lan-
guage theory is far more widely accepted, and has far more
empirical support. The theories also differ in that the former
allows for an important role of odor in recruitment (i.e.,
effective recruitment relies on dance plus odor), while the
latter claims that the dance is essentially irrelevant (re-
cruitment relies on odor alone). For more information, you
can laminate the book called "The Dance Language and
Orientation of Bees"[12]

Through bees' communication (dance), we can understand
that there are three important things to learn: distance
(dance's type), direction (using sun or gravity reference as a
compass), and identifier 'ID' (nectar's odor for better food
localization).

4.2. The Selected Architecture to Apply Beerp Algorithm

Because of the scarce energy supply of a wireless sensor
network, the task of choosing network architecture becomes
a prerequisite to optimize the energy consumption. Since, in
a multi-hop network, a sensor spends most of its energy in
relaying data packet. It is important to shorten the distance
spent by the packet until reaching the sink. These distances
can be reduced seriously by fixing a single sink in the center
of the sensor field as it is illustrated in figure 3. Due to the
efficiency of this architecture, several researchers have se-
lected them like[7].

For this most reason (optimizing the energy consumption),

we have chosen this kind of architecture to apply BeeRP.

Sensor ~—~——_g———%» , .

nodes \' . "
Sink
. - hE—T— pode

Figure 4. Architecture of sensor network with a central sink

4.3. “BeeRP” Geographic Routing Protocol for Wireless
Sensor Network

BeeRP “Bee routing protocol” is a bio-inspired protocol
from bees’ communication, basing on direction by using sun
as a compass. The principle of BeeRP is illustrated in figure
5 where:

- Each sensor node is equipped with a compass.

- The transmitter is considered as a hive of bees.

- The receiver (sink in WSN) is considered as a sun

- The transmitter’s neighbors that can communicate di-
rectly with this later are considered as sources of food.

The transmitter that will communicate indirectly with the
receiver will use its own compass to select the smallest angle
that will be limited between the straight edge (from trans-
mitter to receiver) and edge from transmitter to one of its
neighbors. The selected neighbor will do the same task by
using its own compass to select the closest of its neighbors
that creates a smallest angle to reach the receiver and so on
till reaching the final target (receiver).

BeeRP which is a bio-inspired algorithm is the same as
DIR or Compass routing in its advantages and insufficien-
cies.

The following algorithm describes Declivity in ho-
mogenious network (network without obstacles or holes)

BeeRP-Algorithm

Let U the current node (node that detects the event)

Let A array with length=N, containing N neighbors (the set of nodes in
communication range of the sink-node) ordered from the nearest to the
farthest from U in terms of angle as it is explained previously
{/A[1]=the smallest angle, A[2]=the following smallest an-
[o][- TP A[N]=the latest angle) */}

1. For each sensor node Do

2. If next-hop= sink-node Then

3. Exit {/* Routing has succeeded*/}

Else

4. Select A[1] {/* Select the nearest neighbor that has the smallest angle
toward the final destination (sink-node)*/}

5. End If

5. Example of Simulation of BeeRP &
DIR Protocols

We have simulated our work using VisualSense 1.0.7, free
download from[15] with the following characteristics:
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- Sensor-nodes are static, deployed in a surface of 1250 x
1250 square, they are uniformly distributed over the area;

transmitter

i Each sensor node has
¥ Hivas .
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Figure 7. The same paths followed by BeeRP & DIR.

Figure 5. BeeRP: Bee Routing Protocol for WSN

- All nodes have the same maximum transmission range e BeeRP
Rmax= 2(_)0; _ _ _ _ 012 —=—DIR
- The single fixed sink-node is placed in the center of the virtual straight line from source to sink
area with R=200; 0.1
- Each sensor node will have two coordinates (x,y) as real § 008
coordinates given by the landmark of VisualSense, the sink 5 v / \
node will have as coordinates (0,0) representing the center of < 006
the network. 2 / \
The two protocols BeeRP and DIR have been tested on a g 0% / \
homogeneous network as it is illustrated in the following 0.02
figure (figure 6). / \\
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Figure 6. Homogeneous network . g
Figure 8. Example of comparison between BeeRP and DIR

In a homogeneous network (either dense or not), BeeRP
and DIR always succeed to guarantee delivery (see figure 7). ;
The paths found represent the unique shortest paths existing 6. Conclusions
in the network. o _ The aim of any proposed routing protocol whether new or
BeeRP and DIR follow the same paths as it is illustrated in  old and whatever its divergence and different research tools
the figures 7 and 8. is to optimize the path from the transmitter to the receiver



32 Karima Aksa et al.:

A Comparison Between Geometric and Bio-Inspired Algorithms

for Solving Routing Problem in Wireless Sensor Network

with a perfect economy of the sensor nodes’ energy and a
perfect maximization of the sensor networks’ lifetime.

In the light of this fact, we have first tried to propose a
bio-inspired routing algorithm, called BeeRP. It is based on
natural bees’ communication. It has proved to be efficient in
either a homogenous or a dense network. Afterwards, this
bio-inspired protocol is compared with another algorithm in
the geometric field called DIR routing protocol. Through this
comparison, we have found that both algorithms use the
notion of angles to choose the shortest path by selecting the
smallest angle in each hop toward the final destination. As a
conclusion we have found that these two protocols are utterly
and strikingly similar. Thus, the outcome of this paper is to
show the relationship between the geometric field and the
bio-inspired field. This relation proves that these two fields
can be complementary.

As a perspective, we hope that some aspects will be ana-
lyzed such as the study of BeeRP towards asymmetric links
and extension to heterogeneous networks.
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