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Abstract. High efficient and energy-aware routing is an imaot issue for the
design of resource constrained environments likeeM&s Sensor Networks
(WSNSs). Many protocols have been developed for Wis try to overcome
the constraints that characterized this type ofvasts. Termite based routing
protocols can add a significant contribution toistss the maximization of the
network lifetime without performance degradatiomit Ehis is only possible by
means of an adaptable and balanced algorithmakastinto account the main
constraints of WSN. This paper presents a bioldgitspired self-organized
routing protocol for WSN which is based on termielony optimization
metaheuristic termed Termite-hill. The main objeetiof the proposed
algorithm is to efficiently relay all the trafficedtined for the sink, and also
balance the network energy. The results of ournskte experiments on
Routing Modeling Application Simulation Environment(RMASE)
demonstrated that with sink mobility, our proposedting algorithm was able
to balance the network traffic load and prolong tieéwork lifetime without
performance degradation.

Keywords: Swarm Intelligence, Wireless Sensor Networks, Epé&fiiciency,
Termite-hill, Network Lifetime, Network ThroughpuRouting Algorithm.

1 Introduction

Wireless Sensor Networks (WSNs) are collections compact-size, relatively
inexpensive computational nodes that measure lensironmental conditions, or
other parameters and forward such information toeatral point for appropriate
processing. Many applications of sensor networldsdeith the static nature of nodes
which in most cases sense their environment am shad the measured values to a
central base station through hop-to-hop (multi-hap)ting, hence leading to rapid
exhaustion of energy around the sink (base statibim® issue is that, sensor nodes
around the sink tend to deplete faster in energwy tthose farther away. This is



mainly because, besides forwarding their own traffiey forward traffic on behalf of
other sensors nodes that are located farther aveay the sink node. Hence, the
lifetime of sensor network can be improved uporthi& energy spent in traffic
relaying to the sink is reduced.

Social insect communities have many desirable ptigge from the WSN
perspective as surveyed in [1, 2]. These communitiee formed from simple,
autonomous, and cooperative organisms that aredegendent for their survival.
Such systems may be composed of simple nodes wgrkigether to deliver
messages, while resilient against changes in itsra@mment. The environment of
sensor network might include anything from its aepology to physical layer effects
on the communications links, to traffic patternsroas the network. A noted
difference between biological and engineered neksvas that the former have an
evolutionary incentive to cooperate, while engieeernetworks may require
alternative solutions to force nodes to cooperResearch on the field of swarm
intelligence has been focused on working principieant colonies as adopted in [3],
and honey bees [4]. To the best of our knowledittle httention has been paid in
utilizing the organization and behavioral princplef other swarms such as termites
to solve real world problems. The study of ternhigdhavior has revealed remarkable
achievements in the communication capabilitiesaspared to ants and honey bees
as adopted in [5]. To this end, we proposed anemahd and probabilistic routing
algorithm termed Termite-hill. In this algorithnerinite agents were modeled to suit
the energy resource constraints in WSNs for th@qse of improving the network
lifetime, by extensively borrowing from the prinBs behind the termite
communication.

The rest of the paper is organized as follows. i8ec2 gives an overview of
related work. In Section 3 we describe our propaagdrithm. Section 4 discusses
the experimental environment and results. SectiocoBcludes the paper with
comments for future work.

2 Related Work

The idea of using the swarm paradigm to estabbsites in communication networks
is not new. In [3], an ant-based algorithm was aeldpo calculate the optimal paths
among the nodes through an architecture called éntS8mall agents, the virtual ants,
migrate from a node to another, building the ragtinles in a distributed way.

In Sensor driven and Cost-aware ant routing (S)ifés assumed that ants have
sensors so that they can smell where there is &dtie beginning of the routing
process so as to increase in sensing the bestidirgébat the ant will go initially. In
addition to the sensing ability, each node stohesprobability distribution and the
estimates of the cost of destination from eachheighbors. Though, the protocol
suffers from misleading when there is an obstacléclv might cause errors in
sensing. In their extended work, Flooded Forwardramting (FF) [6] argues the fact
that ants even augmented with sensors, can be ikxzhdue to the obstacles or
moving destinations. The protocol is based on filogaf ants from source node to
the sink node. In the case where destination iknotvn at the beginning by the ants,



or cost cannot be estimated, the protocol simpéythe broadcast method of sensor
networks so as to route packets to the destination.

Ad-hoc On-demand Distance Vector (AODV) [7] is apptar classical routing
protocol for mobile ad-hoc networks. AODV discoveostes only when required.
When a node has some data to send to a destirabrit does not have the valid
routing table entry, it generates a Route ReqURREQ) packet and broadcasts it to
all its neighbors. When the destination node rexean RREQ packet, it generates an
RREP which is unicast back to the source node. €eption of an RREP packet,
each intermediate node updates its routing tabsetap a forward pointer and relays
the RREP message to the next hop using the repmisgéer. But in AODV, it is
assumed that all nodes are mobile, in our scenhécsensor node is not a mobile
node, only the sink node can be mobile when the aeise. Furthermore, our focus is
on the routing packets problem, while in their wtik authors focus on the optimal
movement of mobile sensors.

Besides all the drawback of each of the relatedbpads, almost all the algorithms
tends to scarifies the network performance as agdhe improvement of energy
consumption of the nodes, and vice-versa for otfiérey do not consider the energy
available on each path for update of routing tabid also the limited memory of
sensor nodes in their algorithms.

3 The Termite-hill Routing Algorithm

Termite-hill is a routing algorithm for wirelessrs®r networks that is inspired by the
termite behaviors. The principles of swarm inteltige are used to define rules for
each packet to follow which results in an emergenting behavior. The algorithm
has better performance due to reduction of comtadfic, quick route discovery and
repair, utilization of energy as a criterion foute selection, and reduction of memory
usage along with other additional benefits. Analegao the termite ad-hoc
networking [5], each node serves as router andcsoand the hill is a specialized
node called sink which can be one or more dependlinthe network size. As in the
termite hill building example, packets are biasedards strong pheromone path but
the selection of next hop is always randomly detid€o prevent old routing
solutions from remaining in the collective netwariemory, exponential pheromone
decay is introduced as negative feedback. Pherormmneases linearly per packet,
but decreases exponentially over time.

Termite-hill discovers routes only when they arguieed. When a node has some
events or data to be relayed to a sink node agholeis not have the valid routing table
entry, it generates forward soldierand broadcasts it to all its neighbors. When an
intermediate node receives tiiisward soldier it searches its local routing table for a
valid route to the requested destination. If thercle is successful, the receiving node
(sink) then generates laackward soldierpacket, which is then sent as a unicast
message back to the source node where the origigakst was originated using the
reverse links. If the node has no valid route te destination, it re-broadcasts the
forward soldier packet. On reception of the backwasbldier packet, each
intermediate node updates its routing table tauped forward pointer and relays the
backward soldiermessage to the next hop using the reverse poihter.process



continues till thebackward soldieris received by the original source node. For
Termite-hill algorithm for wireless sensor netwgrkELLO packets are not used to
detect link failures. Rather it uses feedback ftbmlink layer (MAC) to achieve the
same objective. Intermediate nodes do not geneeptyg (backward soldier even if
they have a valid route which avoids the overhefachaltiple replies. As such the
termite-hill is designed to function in three moshil In the course of the algorithm
design, the following assumptions were also madeath node is linked to one or
more nodes in the network (neighbors), 2. A nodg @ as a source, a destination,
or a router for a communication between differeair pf nodes, 3. Neither network
configuration nor adjacency information is knownfdse hand, and 4. The same
amount of power is required for sending a messagwden any pair of adjacent
nodes throughout the network.

3.1 ThePheromone Table

The pheromone table keeps the information gathbgethe forward soldier. Each
node maintains a table keeping the amount of phenenon each neighbor path. The
node has a distinct pheromone scent, and the isibiethe form of a matrix with
destination nodes listed along the side and neighbdes listed across the top. Rows
correspond to destinations and columns to neighBarentry in the pheromone table
is referenced by, ; wheren is the neighbor index and denotes the destination
index. The values in the pheromone table are usedalculate the selecting
probabilities of each neighbor.

When a packet arrives at a node, the pheromon¢hésource of the packet is
incremented by, wherey is the reward. Equation (1) describes the pheremmpuiate
procedure when a packet from sousces delivered from previous hop A prime
indicates the updated value.

Tl‘r,s = T‘r,s +vy D
and Y = #_N] (2)
_< Eav=N; )

WhereE is the initial energy of the nodds,,;,,, E,, are the minimum and average
energy respectively of the path traversed by tmevded soldier as it moves towards
the hill, N; represent the number of nodes that the forwardesaés visited, antl is
the total number of network nodes.

Pheromone is evaporated so as to build a goodicolint the network. Each value
in the pheromone table is periodically multiplieg the evaporation factoe™”. The
evaporation rate i = 0. A high evaporation rate will quickly reduce thmaunt of
remaining pheromone, while a low value will degrade pheromone slowly. The
nominal pheromone evaporation interval is one sacthis is called the decay period.
Equation (3) describes the pheromone decay.



T,n,d = T,n,d * e—p (3)

Though for robustness and flexibility some applamatneeds a slow decay rate.
Hence to account for the pheromone decay each valtke pheromone table is
periodically subtracted by percentage of the oabimlue as shown in equation (4).

T'he=QQ-0T",, 4)

Where0 <x <1

If all of the pheromone for a particular node desahpen the corresponding row
and/or column are removed from the pheromone té&tdgenoval of an entry from the
pheromone table indicates that no packet has temmived from that node for quite
some time. If a neighbor is determined to be lgstigans of communications failure
(the neighbor has left communications range), thighbor row is simply removed
from the pheromone table.

3.2 Route Selection

Each of the routing tables of the nodes is inidi with a uniform probability
distribution given as;

1
Pa=t (5)

WhereP; 4 is the probability of jumping from nodeto noded (destination) N the
number of nodes in the network. Upon arrival atodas, an incoming packet with
destinationd is routed randomly based on the amount’sfpheromone present on
the neighbor links o. A packet is never forwarded to the same neiglffioon whom
it was receivedthe previous noddf s has only one neighbor, i.e. the node that the
packet was just received from, the packet is drdppée equation below details the
transformation of pheromone fakron link s T, into the probabilityPs ; that the
packet will be forwarded td.

(Ts,d + a)ﬁ (6)
Z?/=1(Ti,d + a)f

The parametera andp are used to fine tune the routing behavior of Tierhill.
The value ofa determines the sensitivity of the probability cddtions to small
amounts of pheromoneg > 0 and the real value af is zero. Similarly0 < g <2
is used to modulate the differences between phemeramounts, and the real value of
B is two. But for each of thH entries in the nodk routing table, it will ben;, values
of Ps 4 subject to the condition:

Z Pog=1 d=1,..,N (7)

SEN[

Ps,d =



3.3 Termite-hill Agent M odel

Termite-hillworks with three types of agents: reproductivedigns and workers.

Reproductive: In termite colonies, the male reproductiveiny’” and the female
reproductive fueeri are the primary source of pheromones useful ihorp
integration, and these are thought to be spreadighr shared feeding. Analogous to
that, the queenreceives data packets from an application layad kcates an
appropriatenvorker for them at the source node. Once@aker is found, a packet is
encapsulated in its payload and thesenstarts waiting for the next packet. Failure to
locate an appropriatgorker is an indication to thgueenthat no route exists for the
sink. At the sink node, th&ing recovers data from the payload of workers and
provides it to the application layer.

Soldiers: Soldiers in Termite-hills are classified as forwawldiers and backward
soldiers depending upon the direction in which thrayel. A source node that detects
an event launches a forward soldier when it doéshage a route to a sink node. A
forward soldier is propagated using the broadcgspirinciple to all neighbors of a
node. Soldiers have a fixed size that is independérthe path length (number of
hops) between the source and a sink node. As adlop{8], the memory Mof each
soldier is reduced to just two records; the last weited nodes.

Workers: In Termite-hills, workers undertake the labors ofafying. Analogous to
the workers behavior in real termite organizatidmerveby the workers feed the other
members of the colony with substances derived filmendigestion of plant material,
either from the mouth or anus, they transport gaizkets from a source node to the
sink node. They receive data packets from quearsatirce node and deliver them to
the king at the sink node.

3.4 TheTermite-hill Modules Design

The algorithm is designed to function as three nmgudules route discovery, seed,
and data.The first two modules are control messages. The patkets are used for
sending data or events to the other nodes, andothteol packets are mainly used for
the maintenance of the route as well as increagiagpheromone concentration of
the link. Each packet type contains at least giki§ including messagdéentification,
source address destination addressprevious hop addressiext hopaddress and
Time-To-Live (TTL)The previous hop address and next hop addrdss fieay be
removed from the packet and the information inseadacted from the MAC header
which encapsulates the routing data. The messagtifidation field allows each
packet in the network to be uniquely identifiabbeethable loop detection as well as
allowing the nodes to operate in a limited promia@imode. Due to page limitation,
we are not able to explain in detail each of thelohes and their operations.



4 Experimental and Simulation Results

We use the Routing Modeling Application Simulati&nvironment (RMASE) which
is a framework implemented as an application inRhebabilistic Wireless Network
Simulator (PROWLER) [9]. We evaluated all the pratls using the metrics defined
below. In our experiment, the network consists ofensensor nodes with small
random offsets. We use the default settings ofvf@g and Ant ratio is set to 2,
source rate set to 4, ¢1=0.7, z=1, data gain=&Wam scale=0.3, ant table size=400,
energy level of nodes = 30 Joules eaBboldier_Delay=20000, FSoldier_Timeout=28000,
FSoldier_Delay=4000, Termite_RTable Size=10, Tesnfitable_Size=10, BSoldier_Retries=Each
experiment was performed for duration of 100 sesonfhe experiment was
conducted for three scenarios; static, dynamic,samkdmobility.

From several results obtained from our simulatiesutts, we report the following
performance metrics for clarity purpose.
Throughput: It is the average rate of successful packets el over the network. It
is measured in data packets per second.
The Average Energy: It represents the average of energy of all nodésea¢nd of the
experiment. We reported it in percentage (%).
Energy Utilization Efficiency: It is a measure of the ratio of total packet dekdeat
the sink node to the total energy consumed by thevark's sensor nodes
(Kbits/Joules).
Standard Deviation: This gives the average variation between energgldeof all
nodes in the network (Joules).
Lifetime Prediction: It is the difference of total energy of the netiwand the
summation of average used energy of nodes andehergy deviation

The main aim of this paper is to analyze the diffices in performance of the state
of the art swarm intelligence based routing prolcand compare with a
conventional routing protocol in terms of sink makiand static scenario in WSNs.

As can be seen in Table 1, the network lifetimeébath protocols was improved
during sink mobility. The increase in performansalie to the fact that, nodes near
the sinks were now rotated to balance the energguwraption in the network. It will
be notice in Fig. 4(b) for average remaining enasfjjhe network nodes that, while
the speed of mobility increases, the average rantaenergy of Termite-hill remains
almost constant, but the success rate increasespéed. The increase in success rate
tends to increase the energy efficiency in mobility other word, the energy
efficiency of all the algorithms decreases withdim static scenario due to decrease
in average remaining energy of the network nodessaiccess rate. To further verify
performance of the algorithm in mobility scenaria®, compared each of the protocol
with itself for the static and mobility scenariottst the reliability of the network with
mobile sink as seen in Fig. 5. The performancehefdntire algorithms in terms of
number of packets delivered to the sink with timepged drastically. Though, our
proposed algorithm that was able to delivered packe high as in static scenario.

Termite-hill achieves both high packet deliveryioatand energy efficiency as
compared to SC, FF, and AODV due to some of itsoitgmt features as, first, the
launch of its soldier carrying the first generagagnt in which most cases it is able to
find routes to the destination in the first attepgecond, it makes use of restrictive



flooding which results in quick convergence of tdgorithm; third, it maintains a
small event cache to queue events while route dsgois in progress; fourth, it
utilize a simple packet switching model in whicheirmediate nodes do not perform
complex routing table lookup as in others, ratreskets are switched using a simple
forwarding table at a faster rate; and lastly, dpdating rule takes into consideration
the paths energy, hence the probability of routecten is also a function of paths
remaining energy. The instability of AODV was due pure flooding of RREQ
packets, and therefore, it could not quickly disromew routes resulting in its bad

performance.

Tablel Impact of sink mobility on network lifetime amondgferent routing protocols

Mobile Lifetime (%) iffierence (%)

Static Lifetime (%)

Protocols

Termite-hill 98.4648 98.8747 0.4099
AODV 96.5408 98.1824 1.6416
SC 98.2818 98.8741 0.5923
FF 98.1738 98.2185 0.0447
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5 Conclusions

In this paper, we studied the application of thermiite Colony Optimization
metaheuristic to solve the routing problem in vass sensor networks. A basic
Termite based routing protocol was proposed. Séviaors and improvements
inspired by the features of wireless sensor netsidw energy level, low memory
and processing capabilities) were considered amdeirented. We also investigated
the impact of sink mobility on network performann@VSN. Through the analysis, it
was seen that the performance of the routing potgao terms of energy efficiency,
network reliability, and network lifetime had a @ig correlation between sink
mobility and simulation time. In fact, a possibldeseffect brought by sink mobility
could be an increase in packet loss rate due tasamtal topology changes. The
lifetime elongation resulting from sink mobility jastifiable if the increase in packet
loss is tolerable. From the results, the netwof&tiine was improved in all the
algorithms, but many tend to sacrifice networkatglity as against network lifetime.
The proposed algorithm termed Termite-hill was abldalance the improvement of
the network lifetime with the reliability of the tweork. We are in the process of
testing the performance of the proposed algoritmMSN hardware. We will also
improve on the Termite-hill routing algorithm basad the experience obtained from
the real-time implementation and testing.
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