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Abstract: Combining the advantages of Chan algorithm and Taylor series expansion method, the article has
proposed an improved localization algorithm in the BDS positioning system. The algorithm eliminates much
deviation of the positioning results in Chan algorithm, offers the optimized result as the initial value of Taylor
series expansion method, then get the weighted sum of the positioning of the results of the two kinds of algo-
rithm, finally put the final result as the location of the mobile station coordinates. Experimental results show
that the proposed algorithm can effectively improve the positioning precision in the noise environment.
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1. Introduction

Currently, the most widely studied ranging signal trans-
mission technique is based on Time of Flight Measure-
ment (TOF), wherein the Time Difference Of Arrival
technology (TDOA) is relatively easy to implement.
TDOA technique measures the arrival time difference of
different signals ,so its accuracy depends on the accuracy
of the time offset between base positioning stations.

Chan algorithm [1] is one kind of location algorithm
which has analytical solutions, and solves the location
coordinates of mobile stations on the basis of least square
method(LS) or weighted least square method (WLS).This
algorithm uses non-recursive method to conduct resolu-
tion on hyperbolic equations. The basic concept of Chan
algorithm is: firstly, one intermediate viable is used to
convert nonlinear equation into linear equation, and the
location coordinates of mobile stations are rough esti-
mated by using weighted least square method, then the
location coordinates and other constraint conditions are
rough estimated, the location coordinates of mobile sta-
tions are precisely estimated by using weighted least
square method again and the ultimate coordinate could be
obtained.

Taylor series expansion method [2] is one kind of recur-
sive algorithm. Its basic concept is: firstly, one initial
estimates location value of mobile station is needed, then
Taylor series expansion is conducted on this location, the
nonlinear equation could be converted into linear equa-
tion by ignoring second order and above second order
terms, then least square method is used to estimate, each
obtained results by recursion is used in location correc-
tion of mobile stations to improve the precision of esti-
mate, finally the estimated location could approach the
real location of mobile stations is different Compared
with Chan algorithm, Taylor series expansion method has
no analytical solution and its operation is relatively com-

plicated. Besides, the initial estimated location value of
mobile station could not deviate from the real location
excessively, otherwise Taylor series expansion will not
convergence.

2. The Improved Algorithm
2.1. Related Works

The classic Chan algorithm could attain all TDOA by
measuring, and obtain a specific analytical solution,
however, the performance would be affected in NLOS
environment [5]. Taylor series expansion method could
conduct recursive operation on the initial estimated loca-
tion value of mobile station and continuously correct the
estimated location value of mobile station to make it ap-
proach the real location value, however, this algorithm
would significantly 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 can be used to conduct resolution with
Taylor series expansion method and finally the location
result which is more precise will be received [6].

The literature [7,8] presented a location algorithm which
was based on Fang algorithm and Taylor series expan-
sion, it eliminated the location estimation which had
eliminated the estimated location value which deviated
excessively to improve the precision of location. The
literature [7,8] proposed another synergy location algo-
rithm, it conducted weighted calculation of the results
attained by different location algorithm, and the esti-
mated value which had been treated was used as the loca-
tion coordinates of mobile station. According to the
thoughts in literature, we present a modified location
algorithm which is based on Chan algorithm and Taylor
series expansion.
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2.2. The Proposed Algorithm

Assumed that the satellite where the mobile station is
located is noted as No.1, and meanwhile it act as the
serving satellite for the location system. If the measured
TOA of Ny satellites has been attained, these TOA val-
ues are subtracted from the measured TOA values of
serving satellite and (N, —1) TDOA values would be

got. If data of the involved m (m<n-1) satellite s is al-
ways used during each location, m TDOA values can be
randomly chosen from these( N s —1) ones to become

one group and it has CR}BSfl kinds of possibilities .
Chan algorithm is used to obtain the initial estimated
location value of mobile station under C{_, kinds of

conditions respectively. It is noted as (X,,¥,), besides,

k=1,2,..
mobile station and satellite error of the estimated
(X, ¥,) 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 discip-
lines. (X,,¥,) should be eliminated when the following

condition was satisfied:
‘\/(Xl - )’zk )2 + (yl - 9k )2 - Rl < Rthreshold ’ (1)

where R, .. IS the threshold, which could be alterna-
tive to control the error of (X,, ¥, ) as required.

., CRlye1 - With the increasing distance between

Assumed that estimated values of 77 initial coordinates
remained after eliminating the values which deviates

excessively, the values of the " coordinates are averaged

and got:
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where (x,,Y,) is the initial estimated location value of

mobile stations which is attained with Chan algorithm.
(XY, ) is substituted into Taylor series expansion me-

thod to conduct recursive resolution and one location
result could be attained.

The location results attain with Chan algorithm and Tay-
lor series expansion method should be weighted. The
residual between the measured value and location result

is defined in the literature [9]:
NBS

Z(R R)’

@)

®)

where R =\/(>A<—xi)2 +(y-v) ., (%9) is the ob-
tained location coordinates of mobile station with loca-
tion algorithm, (x;,y;) is the coordinates of No.i satellite
involved in location, R is the obtained distance be-
tween the mobile station and No.i satellite according to
TOA value, N is the amount of satellites involved in
location. When some location algorithm is adopted, if
R, is relatively small, it demonstrates that the obtained
coordinate location of the mobile station using this algo-
rithm is more precise; if R, is relatively large, it indi-
cates that errors of the obtained results using this algo-
rithm is relatively large. The algorithm which is more
precise should make up larger proportion in ultimate
weighting. The calculation formula of weighing coeffi-
cient R, is given in literature [6]. If k kinds of location
algorithms are used to conduct operation on the same
group of TDOA, respectively, weighting coefficient R,
of No.k location algorithm could be expressed as:

Rk 1 Nes
Rk NBS BS ;(R R)
f}(R JEXE T @)

Besides, (x ,¥*) is obtained location result by using

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

) ERE)

S Ry (Zw ] |

and the flow chart of the proposed algorithm is shown in
Fig. 1.

()

3. Simulation

Simulation is carried out independently for 1000 times on
Chan algorithm, Taylor series expansion method and the
modified location algorithm which is based on Chan and
Taylor, respectively. The model of multiple satellite is
used in simulation. Assumed that the location system
contains seven satellites, and the community radius is
1000 meters, schematic diagram of distribution of satel-
lites are shown in Fig. 2.

The measured TDOA [5] values which is obtained by
using five satellites and using six satellites are simulated,
respectively, location of mobile station is A or B. The
model of signaltransmission distance could be expressed:

I = R +Cgu xrandn(1)+Cy o xrand(1)  (6)

Gauss
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where R is the real distance between mobile station and
satellite, randn(1) is a random number between 0 and 1

is the noise
distribution,

which satisfies uniform distribution,, Cg,,

coefficient which satisfies the normal
CyLos 1S NLOS coefficient.
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Figure 1. Flow chart of modified algorithm
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Figure 2. Distribution of satellites

Fig. 3 shows the RMSE graph with changing the noise
coefficient [10] 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 coordi-
nates of mobile station is adopted as the initial value dur-
ing simulating the Taylor series expansion method in
noise environment, therefore, the precision of Taylor
series expansion method is significantly higher than
Chan algorithm. The modified algorithm presented in this
paper can make the initial value which is used to substi-
tute 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 located in location A, the increasing amount of
satellite 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 satellite
decreases the error of Chan algorithm, and increases 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.
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Figure 3. RMSE with different Noise Coefficient at A

Fig. 4 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 sta-
tion is at location B, the increasing of satellites also im-
proves the location precision of Taylor series expansion
method. From Fig. 3 and Fig. 4, we can find that in noise
environment, the proposed algorithm attains better per-

formance than Chan algorithm at different locations.
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Figure 4. RMSE with different Noise Coefficient at B
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Fig. 5 and Fig. 6 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 algo-

rithm in NLOS environment.
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Figure 5. RMSE with different NLOS Coefficient at A
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Figure 6. RMSE with different NLOS Coefficient at B

4. Conclusion

A modified location algorithm is presented which is
based on Chan and Taylor. Firstly, this algorithm uses
Chan algorithm to estimate the location of mobile station,

then the obtained results are optimized by eliminating the
contained location results which deviated excessively, the
obtained optimized results are acted as the initial value
used in Taylor series expansion method to conduct
another location operation, finally, the obtained location
results using these two algorithms are weighted summed,
and the ultimate result is the location coordinate of mo-
bile station. The experiment indicates that in the noise
environment, the performance of the proposed algorithm
in the article is better than Chan algorithm, which could
effectively improve the location precision.
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