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Abstract: This research addresses the problem of deploying relay nodes to provide fault tolerance with higher
network connectivity in heterogeneous wireless sensor networks, where sensor nodes possess different
transmission radii. Depending on the level of desired fault tolerance, such problems can be categorised as 1)
full fault-tolerant relay node placement, which aims to deploy a minimum number of relay nodes between every
pair of sensor and/or relay nodes and 2) partial fault-tolerant relay node placement, which aims to deploy a
minimum number of relay nodes between every pair of sensor nodes. The problems are further complicated by
the existence of two different kinds of communication paths, one-way and two-way paths, along which wireless
communications exist in both directions; and one-way path, along which wireless communications exist in only
one direction. Assuming that sensor nodes have different transmission radii, while relay nodes use the same
transmission radius, this paper comprehensively analyzes the range of problems introduced by the different
levels  of  fault tolerance  (full or  partial) coupled with the different  types  of  path  (one-way  or  two-way).
The analysis is based on the range of problems introduced by the different levels of fault-tolerance coupled
with the different types of paths. Approximation algorithms are used and the results are derived for improving
the connectivity in the network.
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INTRODUCTION have   different  transmission    radii,   while  all  of  the

Heterogeneous wireless sensor networks (H-WSNs) O( k )-approximation algorithm is used for both one-way
are composed of a large number of wireless devices and two-way PFRP and O( k )-approximation algorithm is
equipped with different communication and computing used for both one-way and two-way FFRP. Same type of
capabilities. However, in real applications, unpredictable problem is identified as single-tiered relay node placement
events, such as battery depletion and environmental and two-tiered relay node placement in the homogeneous
impairment may cause these wireless devices to fail, wireless sensor networks and presented Polynomial time
partitioning the network and disrupting normal network 7-approximation algorithms for the first type of problem
functions. Therefore, fault tolerance becomes a critical and  polynomial  time-(5+ )   for  the  second  problem.
factor for the successful deployment of wireless sensor The algorithm provided a better solution for minimizing
networks. Fault-tolerance is achieved by deploying a the  relay  nodes.   [2]. In  research [3] two types of fault
small number of  additional relay nodes between every is    identified  both  in   single-tiered   and   two-tiered.
pair of functioning  devices  in the wireless sensor The algorithm either improves or reduces the previous
network and the connectivity is improved the network. best algorithm. A polynomial time O(1)-approximation
This problem is known as relay node placement in the algorithm is proposed for minimizing the relay node
literature [1-6]. placement in the network. The greedy algorithm is

Literature Survey:   The   research [1] addresses the produce high-quality placements for the additional
problem of deploying relay nodes in heterogeneous sensors. The algorithm has provable guarantees on the
wireless sensor networks. In H-WSNs, target nodes may quality of the  solution. [4] O(1)-approximation algorithm

relay  nodes  use  an identical  transmission  radius.
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implemented and demonstrated in simulation that they
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is  used  for finding   optimum  solution  in  time  for nodes.  The  target  nodes may have different
higher connectivity in the network. The locations of transmission radii, while all of the relay nodes use an
cluster-heads are not controllable and still need to identical transmission  radius.  The  problems  are
construct a backbone network among the backbone identified, they are 
nodes. The desired level of connectivity among the
backbone nodes is  achieved using additional relay One-way / Two-way partial fault-tolerance relay
nodes. [5] Another way to tackle the problem of node placement  (One-way   /   Two-way   PFRP).
computing relay sensors to maintain global connectivity To deploy a minimum number of relay nodes to form
in WSNs when transmission ranges of sensors are a one-way / two-way partial k-vertex connected
restricted.  The  number  of  relay sensors  is  minimized network for V, such that the resulting network
and uses  a  network optimization problem, named as contains k vertex-disjoint one-way / two-way paths
SMT-MSP-Steiner Minimum Tree with Minimum number from any target node to any other target node.
of Steiner Points. [6] The relay node placement has been One-way / Two-way full fault-tolerance relay node
studied in two-tiered homogeneous wireless sensor placement (One-way / Two-way FFRP). To deploy
networks under the assumption that all of the relay nodes a minimum number of relay nodes to form a one-way
use same transmission radius R and can communicate / two-way full  k-vertex connected network for V,
with either relay or target nodes, while all of the target such that   the  resulting  network  contains k
nodes use transmission radius r and only communicate vertex-disjoint one-way / two-way paths from any
with relay nodes to provide k vertex-disjoint paths node to any other node.
between every pair of target nodes. For this particular
problem,   4.5-approximation   algorithm   is    used.   [7] Proposed  System:  The wireless sensor network Is
The problem is  studied  in two-tiered sensor networks, created and the problems are identified based on the
where the  depletion  of  the nodes are balanced using failure  and  the algorithms  are   to   be  proposed  [10].
relay  nodes to improve the connectivity in the network. The approximation algorithms for the one-way and the
In hierarchical sensor networks using relay nodes, sensor two-way partial fault-tolerant relay node placement and
nodes are arranged in clusters and higher-powered relay for the one-way and the two-way full fault-tolerant relay
nodes can be used as cluster heads. The problem is place node placement should be implemented.
relay nodes in a sensing area, in order to maintain network
connectivity and desired coverage of all sensor nodes. [8] O( k )-approximation algorithms for both One-way
An integer linear program (ILP) is used for exact solutions PFRP and Two-way PFRP.
and  the  experimental  results that this approach is O( k )-approximation algorithms for both One-way
feasible for practical networks, with thousands of sensor FFRP and Two-way FFRP. These heuristic
nodes [8]. implementations are simulated and the results are

Existing System: Most of the existing work considers
relay node placement in the context of homogeneous System Design: Initially, a server and a set of sensor
wireless sensor networks where both target nodes and nodes are added to the proposed network on which
relay nodes use  an  identical transmission radius [9]. simulation study needs to be done. The figure (1)
There is a problem of deploying a minimum number of represents a fault-tolerant relay node placement in a
relay nodes to achieve diverse levels of fault tolerance in wireless sensor network. The shaded node indicates a
the context of heterogeneous. Wireless sensor networks, defective node due  to  some unpredictable events and
where  target  nodes  have different transmission radii. the   communication   between  the  other sensor  nodes
The different transmission radii of the target nodes are disrupted [11]. The problem is identified based on the
introduce asymmetric communication links between type of fault as well as the communication paths.
neighboring nodes, resulting in one-way and two-way Depending on the level of fault tolerance, the problem is
paths. The problem is further complicated by the need to categorized as full fault-tolerant (one-way, two-way) and
facilitate the desired fault-tolerant levels between every partial fault-tolerant (one-way, two-way). Once the
pair of (target and/or relay) nodes, or every pair of target problem  has  been  identified  the node is  replaced with
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evaluated.



Middle-East J. Sci. Res., 20 (12): 2542-2544, 2014

2544

Fig 1: An example of fault-tolerant relay node placement Computer Communications, 29: 490-501.
in H-WSNs. 8. Bari, A., A. Jaekel and S. Bandyopadhyay, 2007.

relay nodes to establish communication path between Fault-tolerant Sensor Networks, Wireless
every pair of sensor and/or sensor nodes or between Networks, proc. IEEE INFOCOM, pp: 159-164.
every pair of sensor nodes [12]. 9. Saravanan, T. and R. Udayakumar, 2013.

The replacement of  relay nodes improves the Comparision of Different Digital Image watemarking
network  connectivity  in  the wireless sensor  network techniques, Middle-East Journal of Scientific
and the relay node placement in wireless sensor network Research, ISSN: 1990-9233, 15(12): 1684-1690.
is shown in the fig (1). 10. Saravanan, T. and R. Udayakumar, 2013.

Implementation: The above design is proposed to Composites using   desirability   analysis,  Middle-
implement using ns-2 (network simulator-2) and the East  Journal of   Scientific     Research,     ISSN:
results obtained shall be tabulated and analyzed for 1990-9233, 15(12): 1691-1697.
further enhancement. 11. Saravanan, T. and R. Udayakumar, 2013. Simulation

CONCLUSIONS Middle-East Journal of Scientific Research, ISSN:

To support real applications, heuristic 12. Saravanan, T., R. Udayakumar and G. Saritha, 2013.
implementations  of  these  algorithms are  provided  and Simulation Based line  balancing  of a single piece
to evaluate their performance using simulation studies. flow line, Middle-East Journal of Scientific
These algorithms  should  be implemented to achieve Research, ISSN: 1990-9233, 16(12): 1790-1793.
better performance in the network.

REFERENCES

1. Xiaofeng Han, Xiang  Cao,  Errol  L. Lloyd  and
Chien-Chung, 2010. Fault-Tolerant Relay Node
Placement in Heterogeneous Wireless Sensor
Networks, Mobile Computing, 9(5): 643-656.

2. Lloyd, E.L. and G. Xue, 2000. Relay Node Placement
in Wireless Sensor Networks”, IEEE Trans
Computers, 18(1): 17-33.

3. Zhang, W., G. Xue and S. Misra, 2007. Fault-
Tolerant Relay  node  Placement in Wireless
Sensor Networks: Problems and  Algorithms,
Proc.IEEE INFOCOM, pp: 1649-1657.

4. Bredin, J.L., E.D. Demaine, M. Hajiaghayi and D.
Rus, 2003. Deploying Sensor Networks with
Guaranteed Capacity and Fault Tolerance,
Proc.ACM MobiHoc, pp: 309-319.

5. Kashyap, A., S.  Khuller  and M. Shayman, 2006.
Relay Placement for Higher Order Connectivity in
Wireless  Sensor  Networks, Proc.IEEE INFOCOM,
pp: 1-12.

6. Cheng,  X.,  D.  Du,  L.  Wang and  B.  Xu,  2008.
Relay Sensor Placement in Wireless Sensor
Networks, Wireless Networks, 14(3): 347-355.

7. Tang, J., B. Hao and A. Sen, 2006. Relay node
placement in large scale wireless sensor networks,

Optimal Placement of Relay Nodes in Two-Tiered,

Optimization of  Machining  Hybrid  Metal matrix

Based line balancing of a single piece flow line,

1990-9233, 15(12): 1698-1701.


