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3D Node Localization Scheme Used in Wireless Sensor Networks with Random Communication Range *

LIU Yang ,XING Jianping®

(School of Information Science and Engineering ,Shandong University , Jinan 250100, China)

Abstract ; In wireless sensor networks( WSNs) ,node communication range is a critical parameter for localization. By this
parameter nodes can generate the whole network connectivity. In most localization algorithms, it is usually set as a fixed
value for convenience. But this hypothesis is often contradictory with the actual situations. Usually the communication
range of each node is difficult to control. It can be influenced by many factors,such as obstacles in the sensing fields,
node hardware design, and power consumption. The special situation is taken into account. The optimum space step
distance derivation and optimum anchor selection mechanism is introduced. And in order to imitate the real environment,
each node is assumed to be a random communication range between 20m and 90m in a 3D field. Finally from the
simulation results,we can find the proposed scheme is well suitable for WSNs with random communication range.
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There has been an increase in the use of wireless Recently a large number of localization algorithms'*"

sensor networks ( WSNs) for intrusion detection, traffic have been proposed. All these algorithms are mainly

exploration,  environmental

[1]

management,  space divided in to two categories. One is range-based and

monitoring and disaster rescue . Typical wireless the other is rang-free. The range-based algorithms

sensor networks are composed of a large of sensor nodes
that collect data and communicate with each other. The
collected data will be useless if the node position is un-
known. And sometimes lots of special applications are
supposed to know node position, such as routing
protocols'?’ and information dissemination protocols'”

So position aware is essential in WSNs.

determine the node position fully based on distance or
angular information acquired using the Time of Arrival
(TOA) , Angle of Arrival (AOA ), Time Difference of
Arrival (TDOA) , or Received Signal Strength Indicator
(RSSI) techniques'® ' Although these algorithms have
high localization accuracy, they require extra hardware

and more power consumption and also vulnerable to en-
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vironmental issues, such as noise, temperature and hu-

10 L
!. However range free localization schemes

midity'
merely rely on the existence of radio connectivity to a
neighbor instead of measuring distance or angle to that,
which decrease the power consumption and hardware
requirements. Range free schemes explore the local
topology and the coordinate computation is derived from
the locations of the surrounding anchor node positions.
Of cause range-free localization accuracy is not as good
as that of range-base algorithm.

Each of nodes in these algorithms is supposed to
have the same communication range. However in some
special situations this assumption cannot be achieved
because of obstacles in the sensing fields, node
hardware design restrictions, and power consumption.
So some localization schemes that can resist influences
of random communication range are much needed.

In this paper,a localization algorithm based on opti-
mum space step distance derivation and optimum anchor
selection mechanism that can resist influences of random
communication range is introduced. Without loss of gen-
erality ,the parameter of communication range is restricted
between 20 m and 90 m in this paper. With the proposed
algorithm, the localization error is improved obviously
under the condition of random communication range and
of cause worse than that of fixed value inevitably.

The remaining paper is organized as follows:
Section 1 describes the classic DV-Hop propagation
algorithm roughly. The optimum space step distance
derivation and optimum anchor selection mechanism re-
DV-Hop

propagation algorithm are given in Section 2 and

spectively, which derived from classic
Section 3 gives the simulation evaluation. We make

some conclusions in Section 4.

1 Analysis of DV-Hop

In this section DV-Hop is analyzed in general. lis
core idea is to transform the average hop distance between
anchor nodes to the distance from unknown nodes to
anchor nodes by multiplying hop counts between them.

As Fig. 1 illustrates, A, ,A,,A;,and U are three
anchor nodes and unknown node respectively in WSN.
Based on DV-Hop algorithm, anchors flood their
coordinate information. Then each node listens and

records the information and corresponding hop counts.

First anchors compute the average distance per hop
using following equations ;
A, :(30+70)/(6+2)=12.50(m)
A,:(30+50)/(2+5)=11.43(m)
A, :(50+70)/(5+6)=10.91(m)

Fig.1 DV-Hop localization algorithm

When the average hop distance is derived, the
unknown nodes can realize self localizing by
multiplying the hop count between anchors and
themselves. As shown in Fig. 1, U is an unknown node.
The algorithm begins once anchor A, 4, ,and A, flood
anchor information including coordinates, average hop
distance ,hop counts, and ID of each anchor. So using
this information, node U gets the distances to three
anchors respectively by following equations;

To A, :12.50%3=37.50(m)
To A,:11.43%2=22.86(m)
To A;:10.91x3=32.73(m)

That is average hop distancexhop counts.

Once the three distances is derived ,unknown node
U can compute its own coordinates itself by
Triangulation Algorithm or Least Squares Method.

As said above we can find DV-Hop algorithm
entirely depends on the connectivity of the whole network
and the accumulation of measure errors also happen
easily,which induces lots of localization error. And also
there are overestimation and underestimation in DV-hop
algorithm. Meanwhile communication range of each node
is supposed to be a fixed value. If this parameter is set as
an uncertain value, the connectivity is much harder to
get,which means larger errors. So DV-Hop is restricted in
the application fields and is not suitable for situations as
we said in the parts before. Based on these drawbacks of
DV-Hop and expand its applications under random com-
munication range, the optimum space step distance
derivation and optimum anchor selection mechanism are

introduced in detail in next part.
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2 Optimum Space Step Distance Deri-
vation and Anchor Selection
In this part, we present the principles of the
optimum step distance derivation and optimum anchor A

selection mechanism in detail. Also the reason that they
can resist the effects of random communication range of
each node is described in this part.

2.1 Derivation of 3D Optimum Step Distance

In a WSN with large number of sensor nodes,
there may be a shortest multi-hop path between any two
sensors. So by discharging one hop away from the
source node, the accumulative distance is likely to be
increased by one transmission range'''. This is also the
core idea of DV-Hop propagation algorithm. In this way
we can compute the distance to use the equation d=hx
ry- The 3D optimum space step distance is the products
of optimizing the hop distance in DV-Hop. By this opti-
mization , the error is reduced obviously.

In 3D condition,,we should try to get this optimum
space step distance denoted byE(R)and the hop counts
between anchor nodes and unknown nodes to use the
equation before to obtain the node physical position.
Imagine a sensor node S with random communication
range r, so that all nodes in the sphere with S as its
center are node S’ s neighbors which is shown in Fig. 2.
As shown in Fig. 2,if a source node S is given, the
optimum space step distance toward the destination D at
each step is denoted as R; which is a random variable. In
this situation ,we choose n, as the optimum step node for
R, <R,. Through selecting the step node,one path from
node S to node D could be constructed. Further in order
to get relatively accurate distance measurement ,one best
way is to compute the average step distance for each
unknown node in the sphere. In this way, the
accumulative distance can be close to the true Euclidean
distance between two nodes. So based on the analysis,in
3D space,we can derive an optimum space step distance

E(R)using the following equation

j:jrofx( L) LecosadadL

— (1)

E(R)=
Where
d
L(1)= S (p(a=i))=

2mAL*(1—cosar) o3 A (1-coma) (1§ 1%) (0<a<h)

Fig.2 Relationship of sensor nodes

denotes the probability density function of a sensor
node locates in the sphere and 6 means the angle
between SD and the straight line of unknown node and
node S. E(R)is an average value. The right side of the
equation indicates the integral of angles and distance
divides angles. Once the optimum space step distance £
(R) of each node is obtained, position coordinates can
be calculated.
2.2 Optimum Anchor Selection Mechanism

A selective anchor node localization algorithm has
been proposed in Ref. [ 12 ]. As said above, once three
distances to three different anchors is obtained, the
unknown position can be computed. However,
sometimes the three chosen distances may not be the
most accurate which means the anchors are not the
most suitable for unknown nodes to localize. Based on
the potential problems we must select three optimum
anchors which have accurate distance information. An

optimum anchor selection mechanism is used in this

algorithm as illustrated in the Fig. 3.

A 4,

|
I A Anchor

U

e \\\ . Unknown

s So
7/ ~
/// h i As
7
y ‘@i 4,

Fig.3  Optimum anchor selection mechanism

As shown in Fig. 3, U is an unknown node and
A(i=1,2,3,4,5,6)is anchor node with known position.
U is supposed to calculate its own coordinates using A4, ,
A, and A;. First U derives the optimum step distance to
A, ,A, and A, respectively as described in the last part.
Then U can obtain its position by using triangulation

algorithm. After that A, is set as unknown node and its



%14 b

T MBI F R T AL RERME T £ S8 Fik 91

position will be obtained by using triangulation algorithm
three times which U,A, and A, are reference nodes. Then
save the error between the computed value and the real
position with the following equation.

(2, =) +(y,~y) +(5,-2)"  (2)

where (x,, v,, z, ) is the real position of anchor

Errorl =

node in the sensor network.

Similarly, all anchor nodes can be computed for a
relative value and get an errori. Finally choose three
anchors that hold the least errors as the optimum
anchors in the 3D space.

By the method above, three optimum anchors can
be found out as reference nodes. The coordinates
computed with these anchors have the least error in
theory and the final simulation proves this hypothesis.
Also optimum step distance derivation and optimum
anchor selection mechanism can effectively minish the

influences of random communication range.

3 Simulation Evalulation

The simulation is completed in the MATLAB soft-ware
and some assumptions are made first in the following:

(D The node communication range is a random
variable and it is supposed to be varied between 20m
and 90m.

(@ The whole sensor network is made up of 250
nodes and the 3D sensing area is 100 m x 100 m x
100 m,namely side length is 100 m.

(3)The main performance indexes of the algorithm
are average localization error and standard deviation.

In this paper, each situation is simulated for ten
times for better evaluation. As shown in the following
Fig. 4, DV-Hop and proposed method are both
simulated under random communication range. The
proposed method presents a downward trend which is

opposite to DV-Hop which means it is much far better
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Fig.4 Comparisons of DV-Hop and proposed method under

the condition of random communication range

than DV-Hop. And the largest different value is nearly
25 m. Meanwhile the standard deviations of the two are
similar and hold at a small level. That is to say the two
are more or less the same at the stability.

We also use this method at the condition of fixed
communication range and comparisons are given. In
Fig. 5, the proposed method is used at the similar
condition. One scene has random communication rang

but the other has the fixed communication range 30m.
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Fig.5 Communication range is fixed at 30 m

From Fig. 5 we can find the two curves both
present downward trend with the increasing of anchor
nodes. When the number of anchor nodes is larger than
40, the performance that has random communication
range is worse than that has fixed value. This is
because random communication brings more uncertain
connectivity. But the differences between the two are
relative small. That is to say the performance of
proposed method under the condition of random com-
munication range does not decrease much at all and is
much suitable for random commutation range
condition. Similarly we also compare them with R=50m
and 70m as given respectively in Fig. 6 and Fig. 7.

The situation is more or less with that we analyzed
above. They all present a downward trend. And when
the number of anchor nodes is larger than a special
value, the scene with random communication range is
worse than that with fixed value as before. But all

results are very near. In some special situations the
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Fig.6 Communication range is fixed at 50 m
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Fig.7 Communication range is fixed at 70 m

scene with random communication range is better than
that with fixed communication range.

From the curves we can find that the proposed
method is well suited for the random communication
range and can resist the most influences of random

communication range.

4 Conclusions

In this paper,the special situation in WSN that each
sensor node is supposed to have random communication
range is taken into account. The optimum space step
distance derivation and optimum anchor selection
mechanism is introduced in detail. By simulations in
MATLAB software, the proposed method works well
under the special situation said above. Moreover from
the curves in the figures the performances do not
decrease very much as inducing random communication
range. It is just a little worse when the number of anchor
nodes increase to a certain value. Of cause there is much
work to do in the future. The main research focus is how
to improve the localization accuracy further under the

random communication range condition.
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