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Abstract—Aimed at solving the problem of local divergence
and low data accuracy, this paper introduces a new Time
Difference of Arrival(TDOA)-based localization algorithm
(TBL) for the large-scale, high-density wireless sensor net-
works which are designed for real-time surveillance and
unexpected incidents management. In particular, several
means to improve the accuracy of distance measurement are
investigated, and the TDOA method, based on the sound
wave and electromagnetic wave to locate in the large-scale
WSN, is discussed. Also, the well-designed circular location
process has the advantage of better positioning accuracy
and coverage percentage. Simulation results have confirmed
the effectiveness of the formed TBL algorithm.

Index Terms—distributed data, TDOA-based localization
algorithm, wireless sensor networks

1. INTRODUCTION

Ad hoc wireless sensor network has recently attracted
much interest in the wireless research community as a
fundamentally new tool for a wide range of monitoring
and data-gathering applications. Environmental control
and monitoring, smart rooms, robot control, inventory
systems, and interactive virtual worlds are only a few
examples. The underlying technology that drives the
emergence of sensor applications is the rapid development
in the integration of digital circuitry, which will bring us
small, cheap, autonomous sensor nodes in the near future.
New technology offers new opportunities, but it also in-
troduces new problems. This is particularly true for sensor
networks where the capabilities of individual nodes are
very limited. Hence, cooperation between nodes is re-
quired, but energy conservation is a major concern, which
implies that communication should be minimized. These
conflicting objectives require outstanding solutions for
many situations [1-3].

Measuring the physical positions of sensors is a funda-
mental and crucial problem in wireless ad hoc sensor
network operation for several important reasons. We
briefly list two of them in the following: first, in order to
use the data collected by sensors, it is often necessary to
have their position information stamped. For example, in
order to detect and track objects with sensor networks, the
physical position of each sensor should be known in ad-
vance for identifying the positions of detected objects. In
addition, many communication protocols of sensor net-
works are built on the knowledge of the geographic posi-
tions of sensors. However, in most cases, sensors are de-
ployed without their position information known in ad-
vance, and there is no supporting infrastructure available
to locate them after deployment. It is necessary to find an

80

alternative approach to identify the position of each sensor
in wireless sensor networks after deployment.

Extensive research has been done on localization for
wireless networks. A general survey is found in [4]. Glob-
al Positioning System (GPS) has been widely used for
localization service [5-6]. Although it is possible to find
the position of each sensor in a wireless sensor network
with the aid of GPS installed in all sensors, it is not practi-
cal to use GPS due to its high power consumption, expen-
sive price and line of sight conditions. The solutions de-
veloped in ubiquitous computing [4] are generally not
applicable for ad hoc wireless sensor networks as they
require too much processing power and energy.

Centralized localization methods depend on sensor
nodes transmitting data to a central location, where com-
putation is performed to measure the location of each node.
Doherty developed a centralized technique using convex
optimization to estimate positions based only on connec-
tivity constraints given some nodes with known positions
[7-8]. MDS-MAP [9] improves on these results by using a
multidimensional scaling approach, but still requires cen-
tralized computation. Requiring central computation
would be infeasible for ad hoc wireless sensor networks.

Distributed localization methods do not require central-
ized computation, and rely on each node determining its
location with only limited communication with nearby
nodes. These methods can be classified as range-based
and range-free. Range-based methods use distance esti-
mates or angle estimates in location calculations, while
range-free methods depend only on the contents of re-
ceived messages.

In this paper, we propose a TDOA-based localization
scheme for wireless sensor networks and validate the
scheme by simulation. This location measurement scheme
avoids the drawbacks of many existing schemes for out-
door sensor location detection. Our simulations show that
our scheme is potentially very effective.

II. METHOD AND ALGORITHM

The classic Chan algorithm could attain all TDOA by
measuring, and obtain a specific analytical solution, how-
ever, the performance would be affected in NLOS envi-
ronment. Taylor series expansion method could conduct
recursive operation on the initial estimated location value
of mobile station and continuously correct the estimated
location value of mobile station to make it approach the
real location value, however, this algorithm would signifi-
cantly affected by the initial location, and the operation
process is rather complicated. Therefore, we can explore
some location algorithm to obtain one relatively precise
initial location at first, then the obtained initial location
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can be used to conduct resolution with Taylor series ex-
pansion method and finally the location result which is
more precise will be received.

The literature[3,4] presented a location algorithm which
was based on Fang algorithm and Taylor series expansion,
it eliminated the location estimation which had eliminated
the estimated location value which deviated excessively to
improve the precision of location. The literature proposed
another synergy location algorithm, it conducted weighted
calculation of the results attained by different location
algorithm, and the estimated value which had been treated
was used as the location coordinates of mobile station.
According to the thoughts in literature, we present a modi-
fied location algorithm which is based on Chan algorithm
and Taylor series expansion.

Assumed that the base station of community where the
mobile station is located is noted as No.1, and meanwhile
it act as the serving base station for the location system. If
the measured TOA of Ngg base stations has been attained,
these TOA values are subtracted from the measured TOA
values of serving base station and (Ngs-1) TDOA values
would be got. If data of the involved m(m<n-1) base
stations is always used during each location, m TDOA
values can be randomly chosen from these(Ngs-1) ones to

become one group and it has C%BH kinds of possibilities.
Chan algorithm is used to obtain the initial estimated
location value of mobile station under Ch. . kinds of
conditions respectively. It is noted as (%, 7,), besides, k=
1, 2, -, C%EH. With the increasing distance between
mobile station and base station error of the estimated
()Ack, ﬁk) also increase, which would significantly affect

the ultimate estimated location result of mobile station,
therefore, the initial estimated values which deviates ex-
cessively should be eliminated according to some disci-
plines. (X, y,) should be eliminated when the following

condition was satisfied:

‘\/(xl -7 +(¥, = 9,)° = R\ = Rvestota (1)

Where, R esnoia 1S one threshold, which could be alter-
native to control the error of (X, , y,) as required.

Assumed that estimated values of # initial coordinates
remained after eliminating the values which deviates ex-
cessively, the values of the # coordinates are averaged and
got:

[xo } i ,17(221 ) 0
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n
(x,,,) is the initial estimated location value of mobile
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stations which is attained with Chan algorithm. ( Xg> Vy) is

substituted into Taylor series expansion method to con-
duct recursive resolution and one location result could be
attained.

The location results attain with Chan algorithm and
Taylor series expansion method should be weighted. The
residual between the measured value and location result is
defined in the literature [4]:
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Where, R, = \/(5e - X )2 + (j} =i )2 > (32,);) is the ob-
tained location coordinates of mobile station with location
algorithm, (x;))is the coordinates of No.i base station
involved in location, R; is the obtained distance between
the mobile station and No.i base station according to TOA
value, Ny is the amount of base stations involved in loca-
tion. When some location algorithm is adopted, if R, is
relatively small, it demonstrates that the obtained coordi-
nate location of the mobile station using this algorithm is
more precise; if R, is relatively large, it indicates that
errors of the obtained results using this algorithm is rela-
tively large. The algorithm which is more precise should
make up larger proportion in ultimate weighting. The
calculation formula of weighing coefficient R;is given in
literature. If k kinds of location algorithms are used to
conduct operation on the same group of TDOA, respec-
tively, weighting coefficient R; of No.k location algorithm
could be expressed as:

k ~
R, =]§:S =NIBSEN1 (R - RS

=JVIBSEZ’]”(R/.—\/()€’{ —xl.)z +()A/k —)’i)z)

Besides, (%%, 7" )is obtained location result by using

“4)

2

No.k location algorithm, so the ultimate location coordi-
nate of mobile station (fc, j;)is:

1 K nkp-1
;CL ER(EX g )
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In the structure of GA algorithm, we can get the opti-
mization equation as the following equation (6):

h =exp _"X;TZC,-" R
J

j=12,..m (6)

The output of the network is given as:
Vo (k) =wh=wh +wh, +..+w h (7)

m m
Assuming the ideal output is y (k), the performance in-
dex function is:

E(k)=%(y(k)-ym (k)) ®

The equation of basic function is as equation (9) as fol-
lows:

a_}.(C. d,u, +eki/.akq0)—piii =0 (9

ikl k
Under the linear relationship, basic equation is shown in
equation (2):

9, (ey.,daku, —nkijak<p) =0 (10
The linear differential equation can be expressed into
the following simplified forms:

L(\V,w) f(x,w)=0,
L(V,0)=T(V)+w pJ (11)
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III. EXPERIMENT RESULT

Fig.1 shows the RMSE graph with changing the noise
coefficient when mobile station is at location A. We can
find that the errors of three algorithms all increased with
the increase of noise coefficient. The real coordinates of
mobile station is adopted as the initial value during simu-
lating the Taylor series expansion method in noise envi-
ronment, there-fore, the precision of Taylor series expan-
sion method is significantly higher than Chan algorithm.
The modified algorithm presented in this paper can make
the initial value which is used to substitute into Taylor
series expansion method approach to the real coordinate
values of mobile station for it eliminates the estimated
values which are excessively deviated after using Chan
algorithm, therefore, the error of the modified algorithm is
smaller than Chan algorithm. Due to some deviations
existing between the initial values adopted in modified
algorithm and real values, its errors are larger than that of
Taylor series expansion. When the mobile station is locat-
ed in location A, the increasing amount of base station
make the results of Chan algorithm more precise, however,
it has little effects on the error of Taylor series expansion.
To the modified algorithm which is based on Chan and
Taylor, for the increasing amount of base station decreases
the error of Chan algorithm, and in-creases the precision
of initial values to some extent, thus making the results of
Taylor series expansion method more precise, the errors of
weighted results became smaller.

Fig.2 shows the RMSE graph with changing the noise
coefficient when the mobile station is at location B. From
the graph it could be seen that location variation has some
effects on location precision. When the mobile station is at
location B, the increasing amount of base stations also
improves the location precision of Taylor series expansion
method. From Fig.1 and Fig.2, we can find that in noise
environment, the proposed algorithm attains better per-
formance than Chan algorithm at different locations.

Fig.3 and Fig.4 show the RMSE graphs with changing
NLOS coefficient when mobile stations are at location A
and B, respectively. From these graphs we find that with
the increase of NLOS coefficient, performance of the
three algorithms all decrease. In NLOS environment, the
location precision of Taylor series expansion method is
obviously better than Chan algorithm, and the location
variation of mobile station also effects on location results.
Because of integrating the advantages of Chan algorithm
and Taylor series expansion method, the performance of
our proposed algorithm is also better than Chan algorithm
in NLOS environment.

IV. DISCUSSION

The wireless multipath fading channel will greatly in-
fluence the location accuracy of any location measurement
system. Major factors influencing multipath fading in-
clude multipath propagation, speed of the receiver, speed
of the surrounding objects, and the transmission signal
bandwidth. Multipath propagation refers to the fact that a
signal transmitted from the sender can follow a multiple
number of propagation paths to the receiving antenna. In
our system, the performance is not affected by the speed
of the receivers since all sensors and beacon nodes are
stationary. However, a moving object in the surrounding
area can cause interference. Our scheme mitigates the
effect of multipath fading by measuring TDoA over mul-
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tiple beacon intervals. TDoA measurements have been
very effective in fading channels, as many detrimental
effects caused by multipath fading can be cancelled.

Another factor related to wireless channels that causes
location measurement errors is NLoS transmission. To
mitigate NLoS effects, beacon nodes can be placed well
above the surrounding objects such that there are line-of-
sight transmission paths from beacon nodes to sensors.

In fact, during the experiment can be found, the re-
ceived signal strength has a very distinct time-varying.
Corresponding to different distances, the change of its
location error is a random process. Figure 3-4 shows that,
corresponding to different distances, by the line of sight
distance of the normal number of errors estimated from
the empirical model and the actual distance, i.e. ranging
error. As can be seen from the figure, when the distance
increases to a certain extent, the ranging error has in-
creased significantly. And in the short distance (about 10
m in the present experiment), the vast majority of the error
is maintained at about 10%. Description In the case of
sight distance of close range accuracy is more reliable.

V. CONCLUSION

This paper introduces a new TDOA-based localization
algorithm (TBL) for the large-scale, high-density wireless
sensor networks which are aimed at real-time surveillance
and unexpected incidents management. In particular, sev-
eral means to improve the accuracy of distance measure-
ment are investigated, and the TDOA method based on the
sound wave and electromagnetic wave to locate in the
large-scale WSN is discussed. Also, the well-designed
circular location process has the advantage of better posi-
tioning accuracy and coverage percentage. This paper
presents a three-dimensional joint wireless sensor net-
works localization algorithm based on wave interference
sensor angle measurement (AOA) and time difference of
arrival (TDOA). The algorithm has a high precision, can
be effectively estimated three-dimensional space position
sensor nodes. The algorithm is divided into three steps:
Firstly, use the measurement algorithm based on wave
interference angle sensor to calculate the angle of beacon
nodes and unknown nodes; then using the measured angle
and distance, using the proposed derived formula to calcu-
late the precise coordinates of the unknown node.
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