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Abstract. This paper proposes an improved localization algorithm
called MDIS (Multi-Region Division In Shadow). The algorithm divides
the traditional overlapping communication regions constructed by neigh-
bor anchor nodes (nodes whose locations are known) into many subre-
gions, and coordinates of centroid points in these subregions could be
calculated. Furthermore, the algorithm establishes relation arrays of the
unknown node to anchor nodes and centroid points to anchor nodes.
Then the location of unknown nodes in subregions is determined by
calculating the correlation coefficient of above relation arrays. And sim-
ulations demonstrate that MDIS algorithm increases the accuracy and
stability compared to other range-free algorithms.
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1 Introduction

Sensor nodes are usually randomly deployed and perform a lot of monitoring
tasks in different environment in Wireless Sensor Networks (WSNs) [1]. And
location information is important for sensor nodes which monitor environmental
objectives [2]. In the field of node localization, sensor nodes can be divided into
two categories, one is the anchor node (location is known) whose coordinates
are usually obtained by GPS or manual deployment. The other is the unknown
node (location is unknown), which needs to estimate its coordinates with the
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information provided by surrounding anchor nodes. At present, there are two
kinds of localization algorithms. One is range-based algorithm that need mea-
sure distance among nodes. The other is range-free location algorithm which
only completes locating through the angle or hop information without distance
measurement. Recent range-based localization algorithms [3] are mostly influ-
enced by the environment, and it leads to large locating error and high algorithm
complexity. However, one problem that cannot be ignored in the range-free local-
ization algorithm [4] is also the large locating error. So it is proved that there is
still a lot of research space for the localization method, which is worthy of further
excavation and exploration. In order to reduce the locating error without raising
costs, this paper proposes a range-free localization algorithm by studying the
current localization algorithms. The main innovations and contributions are as
follows.

(1) This paper proposes MDIS model to implement a novel range-free local-
ization algorithm that determines the unknown node in which subregion
through correlation coefficient calculated by relation arrays of the unlocated
node to its neighbor anchor nodes and centroid points to these anchor nodes.

(2) The program is designed to verify the rationality of the algorithm by chang-
ing Anchor Node Rate, Number of Nodes, GPS Error and Communication
Radius of the Anchor Node in simulation scenarios.

2 Related Work

In general, RSSI, TOA, TDOA and AOA are commonly used in range-based
localization algorithms. And they calculate location of nodes by using the
method of triangulation and maximum likelihood estimation. Some common
range-free localization algorithms are introduced as follows. Convex algorithm
regards the communication connection between nodes as the geometric con-
straint problem, and it can build a node location constraint model to locate
nodes by using the connection information between nodes. Bounding Box algo-
rithm [5] is to determine the one hop overlapping communication area, which is
constituted by neighbor anchor nodes of the unknown node, then the location of
centroid point in the region is considered as the position of the unknown node.
DV-hop is based on distance vector routing [6]. APIT algorithm [7] is assumed
that an unknown node can receive N signals from all anchor nodes. And it finds
out all the combinations of three anchor nodes from N anchor nodes. Determine
which triangle the unknown nodes are inside and mark such triangles. Centroid
points are connected to form a polygon and then centroid point’s coordinates of
the polygon is regarded as location of the unknown node. And Centroid algo-
rithm regards the centroid point of the polygon constructed by the unknown
node’s neighbor anchor nodes as the location [8].

3 Model Design

Node localization algorithms still exist many problems, because it is easily influ-
enced by environment. And the cost of range-based location algorithms is still
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high and location efficiency is low. So MDIS algorithm introduced in this chapter
is to improve the traditional range-free algorithm, unknown nodes are located
more accurately without increasing the locating cost and eliminating the signal
influence indirectly.

3.1 Background

Before introducing the algorithm, it is necessary to explain the concepts of the
algorithm. And two concepts called relation array and correlation coefficient in
this paper are introduced.

Definition 1. Relation Array is a one-dimensional array which represents the
distance array of one node to its neighbor anchor nodes.

Definition 2. Correlation Coefficient denotes the degree of distance between
nodes, and the greater correlation coefficient, the closer location between nodes.
The interval of the correlation coefficient of nodes is [—1,1].
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Fig. 1. Convex model Fig. 2. MDIS model

And there are two theoretical foundations of this paper. One of the theo-
retical bases is from the convex algorithm, the convex algorithm regards the
communication connection between nodes as the geometric constraint problem
and it can build a node location constraint model to locate nodes through using
the neighbor information among sensor nodes. In Fig.1, A, B and C are three
anchor nodes, S is the unknown node and O}, 0,, Oy, O, are the four vertices
of a restricted rectangle with overlapping communication areas of three anchor
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nodes. At this time, the centroid point O of 0;05,050, approximately regarded
as the location of the unknown node S. Another theoretical basis is from cosine
similarity formula. For two vectors, their similarity can be measured by the
cosine of the angle.

In Fig.1, there are two unknown nodes R;, Rs and three anchor nodes
A, B, C. Meanwhile, the distances of Ry away from A, B and C are L1 4, L1, L1¢
respectively. The distances of Ry to A, B and C are Loy, Lop, Lac respectively.
Then the relation array of R; is relation — array; (L1a, L1s, L1c) and the rela-
tion array of Ry is relation—arrays(Laa, Lap, Lac). So the correlation coefficient

of Ry and Ry can be denoted b LiaxboatbipXboptlioXlac
! 2 Y \/L1A2+L132+L102X\/L2A2+L2B2+L202.

3.2 MDIS Model

The core of MDIS model is to divide the overlapping communication area of
anchor nodes into multiple parts. Draw parallel lines of AB, AC, BC' over point
O and intersect the area DEF with G, H, I, J, K, L, then connect the D, E and
F to O and intersect the area DEF with M, N, P. Through the above method,
the overlapping area DEF can be divided into twelve subregions in Fig. 2. In this
way, the relatively complex location problems are transformed into the problem
of finding the best location subregion. According to the circle equations, the
intersection coordinates of three circles can be calculated. The coordinates of
D,E and F can be denoted by (24, ya), (ze,ye) and (zy,yy). According to the
feature of the circular tangent, the coordinates of O1, O2, O3, 0,4 are denoted by
(g, yp+7), (Xf,Ya), (Ta+7,yq) and (xq+7, yp+7). Then the coordinates of O can
be calculated as (7 + 20 =2L gy, + =84 according to characteristics of the
quadrilateral centroid pomt Because HK, LI,G.J are parallel to AB, AC, BC
respectively, so the slope of HK, LI and GJ can be expressed as kyx = kap =

g::za ko = kao = 2= k‘GJ =kpc = =2 yb . The slope of DM, EN and FP
Yypt+T yd _ Ypt+T—yq
can be expressed as KDM = (y‘#zaw,m ,KEN =Y (yd+%+i,z ) ,Krpp =
md_(l‘f"!‘ff) ze—(xs+ L)

yf((ydi—zz%ii). In summary, equations of HK,LI,GJ, DM, EN, FP can be
rp—(rxp+—75—"

e)ﬁpreésed. gssociated with the circular equation, the coordinates of all intersec-
tions of lines and the overlapping area DEF' can be calculated.

Each subregion is a graphic with a curved edge, in order to find the centroid
coordinates of each subregion, the following conversion is needed. Because the
subregion is small in reality, we can approximate the curved side of the subregion
into a line so that the subregion is converted into a triangular region, as shown
in Fig. 3. Then the problem of solving the centroid coordinate of the subregion is
transformed into the centroid coordinate problem of solving the triangle. If the
centroid point of the triangle OGD is Oy, the coordinates of the centroid point
of the triangle OG can be expressed as (3 x (ro +z¢+p), + X (yo +Ya +Yp)).
So centroid points of all subregions can be calculated, and relation arrays can

be denoted as (diq, div, dic) 19y 5, dij = \/(3001 — ch)2 + (Yo; — yj)27 i€1,12],5 €
{a,b,c}. For the unknown node S, although its location is unknown, node S can
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Fig. 3. Subregion approximation into triangle

obtain the signals sent by A, B, C' and can calculate the RSSI. According to the
RSSI distance decay model formula d = %, where d denotes the distance
between receiving sensor node and sending sensor node, and RSST is received sig-
nal strength. A is signal strength when the distance between the sender and the

receiver is 1m, and n is the environmental attenuation factor. The relation array
|RSSIgq|—A IRSSI,|—A |RSSI.|—A
of unknown node S can be denoted as (10 1x» 10 1oxn» 107 10xn ),

where RSSI,, RSSI,, RSSI. represent the signal strength of S to receive the
anchor nodes A, B and C respectively. Thus, formula 1 is applied to compute
the correlation coefficient of the unknown node S and each centroid point of
twelve subregions. According to the experimental situation, the above mentioned
location area DEF is relatively small area in the actual situation, and the inter-
ference is same for any point in area DEF. So it is reasonable to denote the
distance of two nodes by using RSSI signal attenuation model. According to
formula 1 and the relation array, the correlation coefficient matrix between the
unknown point S and each centroid point of all subregions can be denoted as,

|RSSIg|—A |[RSSI}|—A |[RSSIc|—A
r,o= ( 10 10xn Xdia+10 10xn Xdip+10 10xXn Xdie )12 1 2
¢ |[RSSIg|—A |[RSSI,|—A |[RSSI.|—A X ( )

d$a+d?b+d?cx (10 10Xn )2+(10 10xn )2+(10 10xn )2

The larger the correlation coefficient between the unknown node S and the
centroid point of a subregion, the closer their location is. Then the location of
the centroid point with the largest correlation coefficient can be regarded as the
location of S. When the number of anchor nodes whose signals could be received
by node S is 2, its location can be estimated as the coordinates of the centroid
point of the bounding box for communication circles of these two anchor nodes.
When S could only receive signals from one anchor node, its location can be
estimated as the location of this anchor node. When there is no neighbor anchor
node around node S, S cannot be located. In summary, the location coordinates
of the node can be computed by using formula 3,
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unsure, n =0

. (-Taaya)a n=1
Lo = g DY 12 @
(To;3Y0;)s Tso; = ||7”CHOO,H > 2

where n is the number of neighbor anchor nodes for S, and rgp, denotes corre-
lation coefficient of S and O;.

3.3 MDIS Algorithm

(1) Initialize the entire wireless sensor network, the maximum value of com-
munication radius is 7. For node k, its neighbor discovery process can use
neighbor discovery algorithms [9]. When it finds its neighbor node, the set
of neighbor anchor nodes is marked as {A(k)}, where {A(k)} = (U*, A)),
and the number of neighbor anchor nodes is ay.

(2) For a node k, when the number of neighbor anchor nodes is less than 3,
the coordinates of node k can be calculated according to formula 3. And
when the number of its neighbor anchors is equal or greater than 3, the
coordinates of the centroid point in each subregion can be estimated by
selecting 3 nodes with strongest signal strength of k& neighbor anchor nodes
to construct MDIS model.

(3) Calculate relation arrays of the unknown node and centroid points of all
subregions, and calculate correlation coefficient matrix of the relation array
of the unknown node and the relation array of the centroid point of each sub-
region. At last, the location of the centroid point with the largest correlation
coefficient is estimated as the location denoted as Ly (zk, yx).

(4) Take turns to locate other nodes.

4 Simulation

In this section, each experiment runs for 20 times and then calculates the average
value as the result. In order to make the experimental simulation more realistic,
the communication radiation model is constructed in the simulation algorithm,
and nodes are deployed in 500 m x 500 m area randomly. The degree of irreg-
ularity (DOI) is also considered in the simulation. And the main simulation
parameters are Anchor Node Rate, Number of Nodes, GPS Error and Commu-
nication radius of the Anchor Node (Table1).

(1) The impact of anchor node rate (Figs.4 and 5)

(2) The impact of the number of nodes (Figs. 6 and 7)

(3) The impact of GPS Error (Figs.8 and 9)

(4) The impact of anchor node communication radius (Figs. 10 and 11)
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Table 1. Simulation parameters

Parameter Value
Length of area 500 m
Width of area 500 m
Number of nodes 0-300
Anchor node rate 0.1-0.2
DOI 0.015
GPS error 10-40 m

Radius of the unknown node (r)

7 = Tmaz(l — DOI), rmaez = 100m

Radius of the anchor node (r4)

Ta = ﬁ?”, 5 S [174]
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5 Conclusion

In conclusion, the main idea of MDIS algorithm is to segment the overlapping
localization area. And then position of the unknown node can be estimated by
constructing relation arrays of nodes and calculating correlation coefficient of
nodes. According to (1), (2), (3), (4) of Sect.4, MDIS algorithm is applied in
locating scenarios with different parameters. Compared to other range-free and
RSSI based localization algorithms, the locating error of MDIS algorithm is the
smallest, and the unlocated node rate is less than 10%. In the future, security
of nodes will be considered in this algorithm by using hop count information.
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