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Abstract—The research community has recently witnessed the
emergence of densely deployed Wireless Sensor Networks (WSNs)
consisting of a large number of battery-operated sensor nodes.
As a candidate for monitoring remote faulty regions, WSNs
may suffer from hardware and software faults which may cause
misbehavior of a portion of sensor nodes. Geographic routing
algorithms aims at traversing data packets in such environments
with admissible communication complexity. In this paper, we
propose a novel region routing algorithm that addresses message
loss tolerability in harsh and hostile environments by assigning
higher weights to higher harsh regions and then we present a
suboptimal routing in dense WSNs. Finally, we present extensive
simulation experiments to validate the accuracy of the proposed
algorithm.

Index Terms—Geographic Routing, High Loss Region, Opti-
mization, Routing algorithm, Wireless Sensor Network.

I. INTRODUCTION

Wireless sensor networks with high capabilities of inter-
action among sensor nodes have expedited the methods of
getting knowledge and controlling the environment. Within
the last decade, several studies have explored the utilization
of sensor networks in many aspects of human life, such as
habitat monitoring, pervasive computing, security and tracking
[1]. Geographic routing protocols [2][3][4] are very attractive
choices for routing in wireless sensor networks. In contrast
with the other analogous methods [5][6], geographic based
routing protocols conserve energy and bandwidth. Further, in
such protocols nodes’ storage overhead is low. A Plethora of
localization systems such as GPS (Global Positioning System),
infrastructure-based localization systems [7], and ad-hoc lo-
calization systems [8] have been proposed in the literature to
obtain the location information.

Most of geographic routing schemes are lying on nodes
sending packets to a neighbor that is closer to the desti-
nation. such a greedy forwarding mechanism repeated until
packets reach the destination. In [3], authors proposed Greedy
perimeter stateless routing (GPSR) protocol, which makes
greedy forwarding decisions. In this protocol when a packet
is stuck at a node where routing is impossible, the algorithm
recovers by routing around the perimeter of the region. Face
(perimeter) routing is a common solution when greedy routing
fails due to obstacles or dead-ends [4][9]. These algorithms
require the communication graph to be planar. In planarization
algorithms each node excludes an edge to a neighbor from
the planar graph if there is another path through a different

neighbor called witness. As an example of methods without
planarization, GDSTR [10] is a geographic routing algorithm
which has proposed a spanning tree structure called hull tree
and suggested an associated convex hull to keep the location
of descendant nodes. GDSTR routes packets on the hull tree
when greedy forwarding is not possible.

It has been investigated that forwarding methods may suffer
from unpredictable conditions as a natural result of node
malfunctioning or temporal unavailability of nodes while the
nodes in the network are connected [1]. Assuming that all
nodes likely suffer from random node failure caused by battery
depletion, internal hardware or software faults with equal
probability, the whole nodes in a particular geographic region
may experience high loss rate conditions. This is mostly
caused by harsh environment such as fire, bomb explosion,
typical security attacks, e.g. Denial of Service and so on. The
region in which such situations occur are usually referred as
high loss region.

Distributed fault-tolerant event region detection is studied
by Krishnamachari et al [11], which uses a Bayesian approach
to distinguish single node faults from area faults. Luo et al
[12] Suggests a majority voting process between nodes to
decide about fault event happening. In our previous study
[13], we extended the majority voting scheme, wherein each
sensor propagates its assigned confidence value of fault event
occurrence to its neighbors. Then, in contrast with binary
voting in [12], a weighted averaging process has been done at
nodes claiming fault event.

All of the above studies have considered only routing with-
out capturing the harsh environment circumstances and only
a few ones have investigated the characteristics of harsh envi-
ronments. To the best of our knowledge, this is the first work
that considers both harsh environment features and routing





Fig. 4. The triangle which shows the shortest path between point t and
destination d (the section of path that is out of the weighted region) which is
derived from the Fig. 3

Fig. 5. Mixed type Route. x is forwarding node and b is the destination.
The edge yz is an edge on the none-visibility chain.

of the path between x, b. Such a cost is a function of both
distance and weight w. Finding t is equivalent to finding the
angle �, for the sake of convenience, we aim at determining
the angle �. As depicted in Fig. 3, given �, the weighted path
comprises of two disjoint segments, namely c1 and c2. Both of
the aforementioned segments are functions of �. Doing some
trigonometric operations, for c1 we get

c1(�) =
d1 sin�

sin(� + �)
(2)

Calculation of c2 needs more elaborations. To do this, we first
obtain e as follows:

e(�) =
c1(�) sin �

sin �
=

d1 sin �

sin(� + �)
(3)

Now c2 can be expressed as (see Fig. 4.):

c2(�) =
√

e2(�) sin2 � + (d2 + e(�) cos �)2

=
(

d2
1 sin2 �

sin2(� + �)
+ d2

2 + 2d1d2
sin� cos �

sin(� + �)

)
(4)

In order to find the shortest path, we aim at determining it as
the solution to minimization problem, whose cost function is
the corresponding weighed distance as following:

min
α

wc1(�) + c2(�) (5)

subject to:
−�1 < � < �2 (6)

On the other hand, in mixed type routes, for each edge on the
non-visibility chain exists a route through the weighted region
between forwarding node and that edge. The other parts of the
route are the faces of the polygon toward the border of the
visibility chain (i.e. top tangent or down tangent). A mixed
type route is demonstrated in Fig. 5.

Form Fig. 5 it is clear that the goal is to determine point
t. As with above, we can equivalently determine the angle �.
The mixed-type route comprises of many smaller segments,
introduced as h1, h2, and hs, etc.

Regarding Fig. 5, through trigonometric manipulations, h1
and h2 are given by

h1(�) =
l sin �

sin(� + �)
(7)

h2(�) =
h1(�) sin �

sin �
(8)

As with the weighted distance, we elaborate on finding the
shortest mixed-type route by considering it as the solution to
the following minimization problem

min
θ

wh1(�) + h2(�) +
∑

s∈NV C

hs + hd (9)

subject to:
0 < � < � (10)

where the lower bound in constraint (10) is established so as
to convexify the cost function of (9), and is determined by
setting the second derivative of its cost function greater than
zero. Due to space limit, we omit the detailed analysis and
refer the interested reader to [20].

In the cost function of problem (11), term
∑

s∈NV C hs
are the edges of the hull from forwarding node to the
top/down tangent. Besides, term hd is the line segment
between top/down tangent and the destination node. Both
of the aforementioned terms are independent from � and
consequently would be omitted from the optimization process.

Both problem (5) and (9) has convex cost functions with
linear constraints, hence they admit a unique minimal point
which can be achieved using either iterative methods, such as
Gradient Projection, Newton’s Method, etc. or possibly exist-
ing closed form solutions [21]. Since the two aforementioned
minimization problems associated with each node are inde-
pendent from other nodes, the corresponding minimal points
would be achieved quite fast, using only per node computa-
tions, and there is no need for any coordination amongst other
nodes. However, in some scenarios with restricted resources,
additional constraints might exist which necessitate balancing
the communication load of the nodes on the mixed-type route.
Such a case is beyond the scope of this paper and we will
pursue it as a future direction.

III. ALGORITHMS

To detect fault regions and boundary nodes we have ap-
plied contour tracking algorithm [16]. Also for convex hull
algorithm, the most popular algorithms are the Graham scan
algorithm [17] and the divide-and-conquer algorithm [18]. Al-
though construction of convex hull and finding visibility chain
are two independent jobs, owing to decreasing computational
overhead we combine these two actions. We use Lemma 2 to
construct convex hull of boundary nodes.





Fig. 10. Our routing algorithm vs. GPSR and loss unaware routing based
on number of transmitted messages in different loss probabilities.

Fig. 11. Our routing algorithm vs. GPSR and loss unaware routing based on
average number of transmitted messages for the routes with different length.

these three routing algorithms through the paths between
sink and the destination node. We have considered message
retransmission whenever message loss occurs in the network.
The probability of message loss out of the high loss region is
considered moderate (around 5%) whereas the message loss
probability in the high loss region increases from 10 to 90
percent. The results are depicted in Fig. 10. We can see that
the suggested method outperforms the Greedy forwarding and
GPSR in terms of the number of transmitted messages.

The comparison of performance in these three routing
algorithms is depicted in Fig. 11. The �gure reveals that
the number of total transmitted messages in the proposed
algorithm in short distance and long distance conditions(e.g.,
when the source and destination are 10 and 40 hops away.) are
about26%and32%respectively, lower than results previously
reported in companion algorithm in [3]. Also at the similar
conditions it performs nearly35% and 52% better than [5].
One factor leading to this observation is the better ability of
the proposed algorithm in deciding between to route through
the loss region in low loss situations and then route around
the perimeter when the loss probability is excessively high.

V. CONCLUSION AND FUTURE WORK

In this paper, we presented a weighted region routing
algorithm as a new routing algorithm for lossy wireless sensor
networks which is superior to DSR and GPSR algorithms.
In this algorithm, the high loss environment is treated as a
weighted region and minimal most paths are found toward the
destination through the weighted region. Moreover, boundary
nodes decide forwarding strategy. As a future direction, we
would like to modify the algorithm so that the traf�c load

on each lossy nodes to be taken into accounts. Comparing
the performance of the algorithm with existing fault tolerant
routing algorithms is the other future line of this study.
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