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Abstract: To reduce the impact of distance information errors, an
improved location algorithm in WSN based on fuzzy clustering is
proposed. It is explored that clustering methodology is employed
to wireless sensor network localization schemes. By cluster
analysis, the novel algorithm can figure out the distance data
which are far more beyond their true value, and then removes
those data from the measured distance data. Then
multilateration is adopted with the rest distance data, obtaining
the final results. Simulation experiments indicate that the
improved algorithm can reduce location errors effectively and
has more stable location results in a variety of error environment
comparing with the original multilateration algorithm.
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I. INTRODUCTION

Location information is an important source of context
for ubiquitous computing system. After entering the Inter of
things era, the 80% of the information in IOT is concerned
with position, the relative position between things is the basis
of implementing things connected. The basis of the target
location problem in the IOT has become one of research hot
spotst?.

Multilateral positioning method is the basic algorithm
which is widely used in wireless location. This method
requires to obtain at least three distance information between
the nodes to be located and anchor nodes. The distance
information can be obtained by ranging technology such as
TOA . RSSI, also can be estimated by DV-Hop. DV-
distance™". However, in practical applications, due to various
factors such as hardware. environment. propagation model,
measured or estimated distance often has some errors”. And
NLOS cause a greater impact on the positioning accuracy™®.
The distance deviated from the true will affect the positioning
accuracy.

In the case of the impact of ranging error of multilateral
localization algorithm!”), the researchers have also done a lot
of work, focusing mainly on two aspects. One is from the
perspective of solving equations, using different methods for
the optimal solution of nonlinear equations, such as Tikhonov
regularization method, the steepest descent method,
Landweber iterative method; On the other hand, it is to give
weights on ranging information based on certain principles
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associated with error message, reducing the influence of big
error ranging positioning results.

Overall, the above methods are studied separately for the
ranging error and positioning solution method, which mainly
study how to reduce the impact of ranging error on positioning
results. But for measurements with larger errors, the above
method can not completely remove the impact on the results
of the positioning. Therefore, we propose multilateral
localization algorithm based K-means clustering. Cluster
analysis excludes some large error distance information,
solving error distance affect the positioning results.

II. MULTILATERATION LOCATION ALGORITHM

In wireless sensor network positioning, position known
nodes are called anchor nodes and to be positioned, position
unknown node are called unknown nodes. Multilateral
localization algorithm obtains positioning results by obtaining
the distance between unknown nodes and anchor nodes and
establishing distance equations'®”".

Suppose the unknown node U real coordinates(Xg,Yo),
solutions of variable node U is represented by coordinates
(x,y); anchor nodes Mj,Mj,<--+- ,M, positions are known:
(X1,Y1), (X2,Y2), === ,(XnYn); the distances between unknown
node and anchor nodes M¢,M,, -*++-- M, are ly,lp, =<+~ 1; node
U has achieved the distance between Mi,My,
""" dn o According to the two-dimensional plane
geometry:

(X_X1)2+(y_y1)2 =d12
(X_X2)2+(y_y2)2 :d22
(X_X3)2 +(y_y3)2 :d32
(X_Xn)2 _l_(y_yn)2 :dr?

Coordinates (X,y) of equation (1) is the unknown node.

In equations, the 1 to (n-1) equation minus the n equation
respectively, and seek the optimal solution. It can be obtained
unknown node coordinate:

X =(ATA)'A'B

(1

@)

Among them,
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Since the measured or estimated distance di,d,,
and the distance between the unknown node and anchor nodes
Iy,lp, <oeeee I, has the error,

=L =dl/l» (i=12,..., 3)

Thus the position by using multilateral positioning

method (x,y) and the real unknown node (Xo,Yo) has certain
error, denoted by

RMSE = /(X — x,)* +(y — y,)* (4)

III. IMPROVING LOCATION ALGORITHM BASED ON Fuzzy
CLUSTER

Using three distance information to location in two-
dimensional space, that is trilateral measurement method. In
the presence of the ranging error, the distance information
which has a small ranging error has less little effect on the
trilateral, thus positioning results are closer to the true value.
In the case of some distance information relatively accurate,
the obtained results using the trilateral measurement method
by three distance information will be more close to the real
value, which densely distributed in an unknown true value of
the node position as the center of a region.

Based on this, we propose improving location algorithm
based on fuzzy cluster. It randomly selects 3 from n distance
information, and obtains sample collections using trilateral
measurement method. By cluster analysis, the novel algorithm
can figure out the distance data which are far more beyond
their true value, and then removes those data from the
measured distance data. Then multilateration is adopted with
the rest distance data, obtaining the final results.

Firstly, improving location algorithm based on fuzzy
cluster selects a group of 3 from n distance information
{  dgdyeee d, ). It obtains C;} positioning
results(X={(x;,y;)|i=1,2, -+-+ C:}) using trilateral
measurement method to every group. Then it filters distance
information of big error and do k-means cluster in sample
points . C,® sample points are divided into k clusters, as
shown in step A; Then according to the result of clustering, it
performs step B to find distance information of big error.

m Step A k-means cluster of initial sample
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1) Input C.? sample to be cluster
X={(x,y)|i=1,2, ------C,*} and cluster number k. Choose the
number of k points from the sample of C.° as the initial
clustering center.

2) For the rest of (C,>-k) points, it calculates the distance
D={d;|i=1,2, - ,(Cn3-k);j=1,2, .-k} between each sample
and the center of each cluster (Ci,Ciy). Djjdenotes the distance
between the point i and cluster center j. Find the nearest
cluster center j(1 <_<k) to the point i.

3) All points join clustering and form the k cluster
----- Wi, each clustering W includes clustering center
Ci- the points belong to the cluster and the number of cluster
points.

4) According to the formula ¢ =(1/n;) XX, Ciy*=(1/ni)
2y, it computes center of each cluster, until find new cluster
center C*={(Cix*, Ciy*)|i=1,2, ----- k}. X,y EW;, n; denotes the
number of clustering Wi;.

5) If C'=C, that is, no change of two adjacent clustering
center, end of the algorithm, at this time W;,W,, =< W are
ultimately clusters. Otherwise make C'=C, turn to step 2.

m Step B To find the distance information of big error
according to the cluster results

1) According to the final output of the K-means
clustering algorithm Wy,W,, <----- Wy and ng,ny, <=e--- Ny, it finds
t(2 <t <k-1) clusters of minimum number of points.

2) To find out points be contained by t clusters,
supposing h points. Each point contains 3 distance information.
Then we can find the top number of m distance information,
supposing they are dy,dp, =+*+* ,0n. This are distance of big error.

IV. SIMULATION

All the simulations are conducted under such a model
that 15 anchor nodes are deployed with uniform distribution in
an object field with 100m>x100m square meters. The to-be-
located node is standing in the center of this field with
coordinate (50, 50). We experiment between Multilateration
and improved algorithm. Each group of positioning error of
the experimental results are the average of 100 times of
experiments. The parameters of improved algorithm set k=5,
t=2. In the simulation experiment of the improved algorithm m
take 1,2 and 3 respectively. The experimental results with
distance measurement error between the unknown node and
anchor node which in normal distribute and uniform
distribution are shown in figure 1 and 2 respectively.
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Fig.1 comparison of location error in the ranging error of
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Fig.2 comparison of location error in the ranging error of
unifrom distribution

Fig. 1. 2 show that even in the absence of a significantly
larger measurement error value condition, no matter the
ranging error obeys normal distribution or uniform distribution,
the improved algorithm has smaller positioning error.

V. CONCLUSION

In the view of the influence of error ranging information
contained on the multilateral localization algorithm, an
improved location algorithm in WSN based on fuzzy
clustering is proposed. It is explored that clustering
methodology is employed to wireless sensor network
localization schemes. By cluster analysis, the novel algorithm
can figure out the distance data which are far more beyond
their true value, and then removes those data from the
measured distance data. Simulations show that the improved
algorithm can effectively avoid the influence of error ranging

information, and the improved algorithm has a good
localization robustness to the multilateral positioning
algorithm.
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