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Abstract: Localization algorithm is one of the key technologies of WSN (wireless sensor networks), and there
are two kinds of WSN localization algorithm, distance-based and distance-free algorithms. APIT (approximate
point in time) is a distance-free algorithm which is not depends on hardware and has a relative low localization
error rate. But there are two obviously shortages of APIT, firstly, the average cover rate is not 100 %, and it will
decrease with the communication radius dramatically; secondly, the average cover rate will be lower and the
localization error rate will be higher when there are obstacles in distribution environment. In order to solve the
problem above, this paper proposed a new localization algorithm—CESILA (Communication Circle External
Square Intersection-Based Localization Algorithm), this algorithm can decrease the localization error by
experience parameters, and can guarantee cover rate by external square intersection. Experiment shows that the
average localization error rate is 5 % lower than APIT algorithm in regular distribution environment, and 7 %
lower than APIT in environment with obstacles; the cover rate is 100 % whatever the other conditions are..
Copyright © 2013 IFSA.
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themselves  with  hardware. So, localization
algorithm’s goal is to locate the unknown nodes.

1. Introduction

WSN (Wireless sensor network) is organized by
nodes with characters of small size, low price and
low computing power, which can organized
automatically through wireless communications.
There are mainly four key technology of WSN, they
are routing, security, energy consumption and
localization. Localization can provide support to
other aspect; therefore, more and more researchers
pay their attention to localization algorithm [1].

There are two kinds of nodes in WSN, one kind
called anchor nodes which can locate their location
with hardware such as GPS and etc., the other kind
called unknown nodes which cannot locate
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Currently, the localization algorithms have been
separated into two kinds [2-4]: distance-based
localization algorithm and distance-free localization
algorithm,  distance-based  algorithm  evaluate
unknown node’s location with actual distances and
angles of nodes which can be get by hardware,
distance-free algorithm, the distance-free localization
algorithm has been wused widely since the
distance-free algorithm is lower in price and simple
to distribute.

Classical distance-free localization algorithms
including Centroid algorithm, DV-Hop algorithm [5],
Amorphous algorithm [6] and APIT [7, 8] algorithm,
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APIT algorithm has lowest average localization error
rate among them which is appropriate to the
applications require high location accuracy such as
military target tracking, mine personnel positioning
and etc.. But there is a common character of these
kinds of environment, that is full of obstacles in
distribution environment, is it affect to the
localization error rate and cover rate?

Actually, because of the point in test, the average
localization cover rate is low especially when the
communication radius is short, and APIT algorithm
is an obstacle-aware algorithm which means the
localization error rate is high and cover rate is very
high in distribution environment with obstacles. So,
focusing on those disadvantages of APIT, this paper
proposed a new localization algorithm which can
decrease the average localization error rate and
increase the cover rate especially in environment
with obstacles.

This paper is organized as follows: Sec 2, related
work, performance of localization and principle of
APIT are introduced, the simulations of APIT has
been done in Sec 3, and the advantage and
disadvantage of APIT is analysis through the
simulations, in Sec 4, the principles of CESILA
(communication circle external square
intersection-based  localization  algorithm) s
introduced, and the comparison and experimental
result has been given in Sec 4, and included in Sec 5.

2. Related Work
2.1. Performance of Localization Algorithm

Performances are used to evaluate an algorithm,
according to the usage and characters of localization
algorithm, the mainly performance is localization
error rate, localization accuracy localization cover
rate, grid density and ratio of localization error and
cover rate, their definition are as follows:

1) Localization error rate.

Localization error rate presents the degree of the
difference between the estimated coordinates and
actual coordinates, the localization error rate is
calculate as formula 1.

ien \/( Xie =Xt )* +( Vie = Vit )° 1)

error _rate=
- L(N)xR

In formula (1), N presents assemble of node that
can be located by the localization algorithm, L
presents the length of assemble of N, (X;) presents
the estimated coordinates calculated by localization
algorithm, (x;), is the actual coordinates when the
node has been deployed. R presents the
communication radius of the node.

2) Localization accuracy.

Localization accuracy is opposite to localization
error rate, the method of calculating localization
accuracy is shown as formula (2).

localization _accuracy = 1-localization _error ~ (2)

3) Localization cover rate.

Localization cover rate presents the ratio of
located nodes to all unknown node, thus, if a
localization algorithm has a higher means it has a
better performance, the monitoring region will be
larger simultaneously, the cover rate is calculated by
formula (3):

N
cover _rate = —Resoved ©)

Unknown

In formula (3), Ngegoeq Presents the number of
located nodes, Nypmown Presents the number of all
unknown node, so cover rate is larger with Npgeoveq -

4) Grid density.

Grid density presents the relationship of

distribution side length and grid length; it will be
calculate by formula 4:

square _ L

rid _density =——=—
ane - y grid _length

(4)

5) Ratio of localization error rate and cover rate.

Ratio of localization error rate and cover rate
presents both the performance of localization error
rate and cover rate, the Ratio will be calculated by
formula (5).

localization _error

ratio _error _cover =
cover _rate

®)

Form the formula (5), we can conclude that the
performance of the localization algorithm is
proportional to ratio_error _cover .

2.2. Principles of APIT Algorithm

APIT (approximate point in test) algorithm is a
distance-free WSN localization algorithm which is
proposed by Tian He and etc., the principles of APIT
is triangle approach, the principle is shown as Fig. 1,
assume that there are n unknown node which can be
communicate with the unknown node, the algorithm
will traverse C_n”"3 different triangles, and calculate
the overlap of the triangles.

As shown in Fig. 1, the centroid of the overlap
polygon is the estimated coordinates of unknown
nodes. The main phrase of APIT is as followings:

1) Anchor node information collecting phrase.

Anchor node will broadcast message to its
neighbor nodes, the message composed of anchor
node ID, anchor node coordinates and the anchor
node’s signal strength and etc. The format of the
message is shown as Fig. 2.
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Fig. 3(a). Principles of PIT (unknown node in the triangle).

Fig. 1. Principles of APIT algorithm.
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Fig. 2. Format of the message broadcasted
by anchor nodes.

The node (includes other anchor nodes and

unknown nodes) who receive the broadcast message
will work as the rules, first, it will analysis the head

(& ——(©)
Fig. 3(b). Principles of PIT (unknown node out
of the triangle).

all X, + Xy + ot X
L = : 2n ! (6)

of the message, and get the ID of the anchor node

who broadcasted the message; then, it will judge if
the anchor node already in its forwarding table, if it

is, broadcast the message, but do not update
forwarding table; if it is not, also broadcast
message, but update the forwarding table with
content of the message.

2) Point in test (PIT) executing phase.

After the first phase, every unknown node

mastered much information of anchors nodes, so,
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n
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In the formula, presents the horizontal
coordinate of the unknown node, presents the

vertical coordinate of the unknown node, (%;,Y; ) and

presents the coordinates of the grids with the max

count.
the

unknown node traverse every three of them and test

if the unknown node in the triangle composed by

three anchor nodes. The principles of PIT is shown as
Fig. 3(a) and Fig. 3(b), we can deduce form Fig. 3(a)

that, if unknown node in the triangle, when

unknown node is close to one of the anchor nodes, it
must be far away from the other two nodes; we also
can deduce that if the unknown is out of the triangle

shown as Fig. 3(b), when the unknown node is

away from one of the anchor nodes, it must be

away from the other two nodes simultaneously.
However, the WSN node is static when it

been deployed in the most conditions, so we cannot
locate the unknown node by moving the node,
instead, we can judge if the unknown in the triangle

by calculate its neighbors and their signal strength
3) Grid scanning phase.

If the unknown node in the triangle composed by
some three anchor nodes, then the grids’ count
(initialized by 0) in the triangle will be crease by 1.

4) Centroid calculate phase.

After the above three steps, we can find the entire

grid who has the max count, then calculate

centroid of the polygon that composed by the grids.

The formulas are as shown in (6) and (7).
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the 3. Performance Analysis of APIT

Localization Algorithm
the

The greatest advantage of APIT is the low
localization error rate, but the inherent characters of
APIT decide that there are some obvious
disadvantages as follows.

1) Low localization cover rate. There must be
some unknown node not in any triangles, especially
when the communication radius is short.

2) Localization error rate change with the
distribution and environment dramatically, especially
when the distribution environment with obstacles,
because some nodes cannot communicate even their
physical distance is very short. For example, this
paper has analyzed the affection of localization error
rate and cover rate of C-shape distribution
environment.

3) localization error rate is related with grid
density, in a certain region, localization error rate
will be lower when the density is larger, but the
localization error rate will go steady when the grid
density is large enough, what’s the value of it?

far
far

has

the
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In order to analyze the APIT algorithm,
simulation and performance analysis has been done
in this paper. The conditions of simulations are
shown as Table 1. The analyzed performance of
APIT include localization error rate, cover rate,
relationship of grid density and localization error
rate, C-shape affection of localization error rate and
cover rate.

Table 1. Initialized Condition of Apit Simulator.

Rectangle-shape | C-shape
1000,
Experimental area 1000 x 1000 m? | 300, 300,
700
;I;]c;tal number of nodes 200 200
Proportion of anchor 0.2 0.2
nodes
GPS error rate (GPS-R) | 0 0
Communication radius 100, 200, ..., %88
(R) 1000 (m) 1000 (m)

Three groups of experiments have been done in
the conditions show as Table 1.

1) Test the localization error rate. First, fixing the
communication radius short for R, let R=100 m, ten
experiments in different random distribution has been
done, and the localization error rate is shown as
Fig. 4 (a). Secondly, changing the grid density, the
grid density changed from L/10,L/20,..., L/20
(L presents the side of the rectangle), the localization
error rate is shown as Fig. 4 (b); Thirdly, changing
the communication radius, let R equals 100, 200,
300,..., 1000 separately, the localization error rate is
shown as Fig. 4 (c).

09
0sr
07r A
06F
0s5r B

0 %W
A

03r

localization error rate
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Fig. 4 (a). Average localization error rate in different
distributions (R=100m).

As shown in Fig. 4 (a), the average localization
error rate is around 40 % when the communication
radius R=100 m; as shown in Fig. 4 (b), localization
error rate is proportional to the grid density in a

certain limitation, but it will be coming steady when
the grid density is large enough; as shown in Fig. 4
(c), localization error rate is also proportional to
communication radius, when the radius of the nodes
equals with the side of the distribution areas, the
localization error rate is approximated to 60 % which
can be took as a limitation. The reason of this
phenomenon is that more and more unknown nodes
has been located as the communication radius is
larger, but the localization error rate of these node are
larger and larger, since the average localization error
rate increased.

0.3a2

03

038k

0378

03781

localization error rate

0377

0.376

L L L L L L L L L
1) 2 4 B g 10 12 14 16 18 20

Order of experiments(grid density changing)

Fig. 4 (b). Average localization error when grid density
is change (R=100 m).
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Fig. 4 (c). Average localization error when communication
radius changing.

2) Test the localization cover rate. First, fixing
the communication radius short for R, let R=100 m,
ten experiments in different random distribution has
been done, and the localization cover rate is shown as
Fig. 5 (a); Secondly, changing the communication
radius, let R equals 100, 200, 300, ..., 1000
separately, the localization cover rate is shown as
Fig. 5 (b).

As shown in Fig. 5 (a), the average localization
cover rate is about 76 % - 90 %, the cover rate is
increasing with communication radius, when the
communications is about 400-500 m, the cover rate
can be reach 100 %.
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Fig. 5 (a). Average localization cover rate in different
distributions (R=100 m).
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Fig. 5 (b). Average localization error when communication
radius changing.

3) Test the affection of the different distributions
of APIT’s localization error rate and cover rate, the
condition of the experiment are shown as table 1, the
average localization error rate is shown as Fig. 6 (a),
and the average rate is shown as Fig. 6 (b), the
horizontal coordinate of both Fig. 6 (a) and Fig. 6 (b)
presents the communication radius.
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Fig. 6 (a). Comparison of localization error rate in different
distribution (rectangle-shape distribution
and C-shape distribution).
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Fig. 6 (b). Comparison of localization cover rate
in different distribution (rectangle-shape distribution
and C-shape distribution).

As shown in Fig. 6(a), the localization error rate
in C-shape distribution is higher than the one in
Rectangle-shape, and as shown in Fig. 6(b),
localization cover rate of C-shape distribution is
lower than the one of Rectangle-shape.

Concluded from the above, the main
disadvantages of APIT are:

1) Average localization error rate is proportional
to communication radius; the value of the error rate
is range from 40 % to 60 %.

2) The cover rate of APIT cannot reach 100 %
when the communication radius is less than half of
the side of distribution area.

3) Not adaptive when there are obstacles in
distributions  environment, such as C-shape
distribution, the localization error rate is higher and
the cover rate is lower compared with the rectangle
distributions.

4. Communication Circle External
Square Intersection-Based
Localization Algorithm

Focusing on the three disadvantage of APIT
algorithm,  this  paper  proposed  another
geometry-intersection localization algorithm -
CESILA (Communication Circle External Square
Intersection-Based Localization Algorithm), the
principles of CESILA is shown as Fig. 7 (a) and
Fig. 7 (b).

As shown in Fig. 7 (a), the red circle presents
unknown nodes, and the blue circle presents the
anchor nodes, the black circle presents the
forwarding nodes, R is short for communication
radius, n presents the hops from unknown node to
anchor node. As shown in the figure, the unknown
node j must be in a circle of which the anchor node i
as the center of the circle and with 2nR for the radius
of the circle if unknown node j can communicate
with anchor node i through n hops, so it must be in
the external square of the circle. Thus we estimated
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the coordinates of the unknown node by the
intersection of the rectangles, shown as Fig. 7 (b),
which is easy to calculate and convenient to unified
computing because the intersections is also rectangle.

/ 2nR \

\
; R
/ \
\ /
\ /
\\ /v

Fig. 7(a). Principles of CESILA.

~

B

Fig. 7(b). Schematic diagram of rectangular intersecting.

According to the principles of CESILA, the
procedures of it are as follows:

1) Anchor node information collecting phrase,
anchor nodes broadcast message with NodelD which
is used to identify nodes from each other, Hop, and
coordinates of itself. The format of the message is
shown as Fig. 8.

| NodeID | Hop | Localization(P,, P,) ]

Fig. 8. Message formats broadcasting by anchor node.

When the forwarding nodes receive the message,
it will update forwarding table as formula (8)

(i,hop+1,(R,.Ry))

if (i € FT(NodelD))

(i,hop+1,(Ry.Ry))

if (i € FT(NodelD)and(hop+1) < FT(I,Hop))

(i,hop+1,(R,.Ry))

if (i e FT(NodelD)and(hop+1) > FT(l,Hop))
(®)

FT=FTu

Issue 8, August 2013, pp. 128-135

In the formula, FT presents the forwarding table;
the format of FT is the same as message format
which is compose of ID of anchor node, hop from
one anchor node to this node, and the coordinates of
anchor node. The triple  (i,hop+1,(Py,R,))

presents information of anchor node i in forwarding
tables. The value of FT(NodelD) returns the ID of

anchor node, FT(I,Hop) returns hops from anchor

node i to this node, nodes update their forwarding
table according to rules defined by formula (8).

2) Grid partition and scanning phase.

Assume that the distribution area is rectangle,
thus the coordinates of each grid is calculated by
formula (9).

fx(i,j):ix£+2 ]
noexh i20,1,.—) )

(i) = fxm b "

v n 2xn

As shown in formula (9), L presents the side of
distribution; n presents the grid density,
(f(i,7),f,(i,])) presents the coordinates of the

grid, and present the location of the grid (row and
column), the count of each is initialized by 0, that is
g, (i,]), k presents the 1D of this unknown node, so,
for each unknown node ’s count g,(i,j) is
calculated by formula (10).

0. (i) = higp(i,j)(location(k):(—1,—1))

0 (location(k )=(-1,-1))

(10)

As shown in formula (10), glf(i,j) presents

anchor node h who can communicate with unknown
node , m is the number of anchor node that can
communicate with , if LitJ ={=1— means
the node is not located yet, the calculate method of
gE( i,j) isshown asformula (11).

ge (i j)+1

(er:]in < fx(ifj)<xrr1]1ax1 yrrr]ﬂn < fy(i:j)< Yrr:max
g¢ (i)

(others)

gr(i,j)=

(11)
(3) Calculate the centroid of the intersection

rectangle which has the max count of the grids, the
calculate formula is shown as formula (12).

Lk _ (Xmax — Xnin )

X 2
12
Lk~ (Ymax = Ymin ) (2
y 2
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In the formula, Xpa , Xmin s Ymax + Ymin

present the max horizontal coordinate, the min
horizontal coordinate, the max vertical coordinate,
and the min vertical coordinate among the grids with
the max count separately.

5. Simulation Result

In order to prove the correctness and effective of
CESI localization algorithm, simulations have been
done in this paper. CESILA is simulated in
MATLAB 2012, and the comparison of CESILA and
APIT algorithm is given, the result analysis mainly
about localization error rate, localization cover rate,
grid density’s affection to localization error rate and
cover rate, different distribution’s affection to
localization error rate and cover rate, the condition of
the simulation is also shown as Table 1.

In order to prove the performance of CESILA,
five experiments have been done in this paper, and
the comparison has been done between APIT and
CESILA.

1) Fixing the communication radius short for R,
let R=200 m, the results of localization error rate of
the two algorithms in ten different Rectangle
distributions are shown as Fig. 9.

T T T T T
—#— gyerage localization error rate of CESILA
—— average localization eror rate of APIT

o
w

o o
~ m
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m
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|

average localization error rate
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0.4 B -~ el .
4 A—————+
Dai\h\‘/' i
02t g
0.1 g
0 1 1 L L 1 1 1 1
1 2 3 4 5 [3 7 ] 9 10

order of experiments

Fig. 9. Localization error rate comparisons between
APIT and CESILA.

2) Changing the communication radius, let R
equals 100 meters, 200 meters, 1000 meters
separately, the results of localization cover rate of the
two algorithm in ten is shown as Fig. 10, the
horizontal coordinate of the figure presents the
communication radius of the node, and vertical
coordinate presents the localization cove rate of the
algorithm.

Form the Fig. 9, we can get that the average
localization error rate of CESILA is lower than APIT
by about 5.9%; and we can get form Fig. 10 that the
cover rate of CESILA is 100% whatever the
experimental conditions are, while the cover rate of
APIT is changing with the communication radius.
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Fig. 10. Localization covers rate comparisons between
APIT and CESILA.

3) Changing the grid density, let the grid length
form 100 meters, 90 meters, ... 0.5 meters, the values
of the gird length is shown as the horizontal axis,
grid density is in inverse proportion to grid length.
The localization error rate in different grid density is
shown as Fig. 11, we can get that the localization
error rate is in inverse proportion to grid density in a
certain range, and the localization error rate will tend
to a constant when the gird density is large enough.

2 T T T T T T T T T T T T
| —#— Localization error rate and grid density of CESILA |
181 =

1B B

14F B

localization error rate

nafF

0B

04k

02 ! 1 1 1 1 ! 1 1 1
oo 80 80 70 6O 10 9 & 7 B 1 0% 08 07 06 045

Grid length {m)

Fig. 11. Localization error rates in different grid
density of CESILA.

4) Fixing the communication radius let
R=200 meters, the localization error rate has been
concluded in Rectangle distribution and C-Shape
distribution, the result is shown as Fig. 12.

Form Fig. 12, APIT is a distribution aware
localization algorithm, and its localization error rate
is higher when the node is distributed in C-shape
distributions, while CESILA is not a distribution
aware localization algorithm, and its localization
error rate in C-shape distributions is the same as the
one in Rectangle distributions.

5) Changing the communication radius R, let R
equals 100 meters, 200 meters, 300 meters,...,
1000 meters separately, the cover rate of the two
algorithms are shown as Fig. 13.
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Fig. 12. Localization error rate in different
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Fig. 13. Localization cover rate in different
distributions of CESILA and APIT.

Form Fig. 13, we can get that APIT is a
distribution aware localization algorithm, and its
localization cover rate is lower when the node is
distributed in C-shape distributions, while CESILA is
not a distribution aware localization algorithm, and
its localization cover rate in C-shape distributions is
the same as the one in Rectangle distributions.

6. Conclusion

The research of the this paper is about one of the
key technology of WSN, that is localization
algorithm, this paper analyzed and summarized the
disadvantages of APIT according to the problem of
low cover rate of APIT. In order to solve the
problem, a new localization algorithm—CESILA has
been proposed in this paper, the principles of

CESILA is the communication external square
intersection method. In addition, the simulations and
performance analysis has been done in this paper, the
simulation results show that the localization error
rate of CESILA is lower than APIT by about 5.9 %,
and the cover rate of the CESILA is 100 % in any
conditions. However, CESILA is limited by
parameters, for example, the cover rate of CESILA
might reach 100 % and has a lower localization error
rate when the one each side of the square is less than
2nR, so what is the optimized value of the one each
side of the square will be further research in future
work.
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