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Fig. 18. Localization error against seed number.

TABLE V
PERFORMANCECOMPARISON

estimation and localization. The standard deviation of the local-
ization error in REP is also much smaller. Particularly, while
REP achieves stable localization errors for the 3 settings, the
performance of DV-hop largely degrades as the network geo-
metric complexity increases. In setting (c), DV-hop localization
incurs 34.9% distance estimation error which means 96.8 m in
absolute distance.

We increase the number of seeds so that we can also compare
the performance with PDM and APIT. We examine the network
settings of Figs. 17(a)Ð(c). The seeds are uniformly deployed
in the Þeld. We note that in the design of APIT, the transmitting
range of seeds is assumed to be a factor ANR [8] of the transmit-
ting range of a regular node. In our simulation, the factor ANR
is assumed to be 10, which is the same as what APIT assumes.

Fig. 18 depicts the localization errors of the 4 approaches in
networks with different numbers of seeds. PDM and APIT suffer
large errors when the seed number is small (below 20), while
they perform comparably when the seeds are densely deployed.
REP achieves the best performance among the three and is the
least affected by the seed density.

VII. CONCLUSION

Locating sensors is necessary for many location-dependent
applications that utilize wireless sensor networks. Due to high
costs and critical assumptions, the range-based schemes are
often impractical. The existing range-free schemes, however,
suffer from poor accuracy and low scalability. Without the help
of a large number of uniformly deployed super sensors, those
schemes fail in anisotropic WSNs.

We propose the Rendered Path (REP) protocol, a range-free
localization scheme in anisotropic sensor networks. REP cap-
tures the geometric features of the network and disseminates
such information by rendering the shortest paths among nodes.
By introducing the virtual hole concept, REP constructs virtual
shortest paths in order to estimate the distances between node
pairs. The most important contributions of this work are that
during localization, REP releases: 1) necessity of ranging de-
vices; 2) dependence on large numbers of uniformly deployed
seed nodes; and 3) assumption ofisotropicnetworks. Our anal-
ysis and simulations show the effectiveness and scalability of
REP. We also compare the advantages of the REP against ex-
isting range-free approaches. We believe that our design will
make the range-free localization schemes more practical for
large-scale WSNs.
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