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Abstract

The biggest advantage of Bluetooth indoor positioning technology is equipment smaller, which
can be integrated in the handheld devices, personal computers and mobile terminal equipment.
This paper first introduces the evaluation standards of indoor positioning performance, then
expounds the characteristics of Bluetooth signal and the weighted least square positioning
algorithm of eliminating high order based on Received Signal Strength Indicator(RSSI), and
finally summarizes the full text.
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1. Introduction

Indoor positioning technology uses indoor correlated wireless signal, and combines indoor
localization method of implementing indoor location technology. Wireless local area network (LAN)
is the base of the Bluetooth positioning technology, deployed proper number of Bluetooth access
points in the region of the positioning. When positioning, LAN is configured to basic network
architecture, the Bluetooth labels and access points accessed to LAN proceed two-way
communication, and through the correlation algorithms estimates the labels’ position. It can be
positioning by measuring the value of signal strength Received Signal Strength Indicator(RSSI). The
shortcomings of low version of the Bluetooth positioning are poor stability, susceptible to noise
interference, and is only suitable for short distance, small range of positioning.

2. The evaluation standards of indoor location performance

In indoor localization algorithms, researchers mostly concern about the positional accuracy and
positional performance of the robustness of the algorithm, positional cost and the deployment of
complexity, etc. The main performance indexes of indoor localization algorithm are under discussion
in the following.

2.1 The minimum and maximum error

The minimum error is the minimum value of the positioning error required by the localization
algorithm in simulation experiments, which means the localization algorithm or positioning system
can achieve the best positioning effect. The maximum error is the maximum value of the positioning
error required by the localization algorithm, which reflects the localization algorithm or positioning
system of the worst situation.

2.2 The complexity

With the operation time(calculated quantity) of the localization algorithm as the reference point,
because the different performance of the mobile terminal CPU’s operational capability and power
consumption, it is very important to measure the complexity of algorithm. Not only should consider

mobile terminal memory’s storage size, but also attaches great importance to how much power loss
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of the localization algorithm. Even if make the server bear all the positional calculation, but
considering under the premise of multi-user sending out the requirements of positioning at the same
time, and whether the positioning system can always stay safe and run smoothly and efficiently.

2.3 MSE and RMSE

Mean Squared Error(MSE) and Root Mean Squared Error(RMSE) are two kinds of the common
standards of evaluating positioning precision in wireless positioning system, the calculation method
is as follows.

MSE = E{(x—ﬂz +(y— yﬂ SRy )

RMSE = E{(X—;j +(y_ )A/j }: \/%i[(xu _)?i)2 +(Y; — §i)2] (2)

There (x,y) is a true coordinate position of the mobile terminal, and (>A<, §/) is as the estimate of
mobile terminal location coordinates. Usually used to the two evaluation criterion, namely MSE and
RMSE, to compare, judge positioning performance of the various estimators.

2.4 CDF

Cumulative Distribution Function(CDF) does the cumulative distribution of each coordinate
estimating error. Through this function, it can be very intuitive to see the distribution probability
under a certain value of position error. The formula of CDF is:

2.

CDF(g) =1 3)

n
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1
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There into, Zei is positioning error of error sampling points number under the scope of ¢, and
1

n
Zei is the total number of error sample points. In the design and application of the algorithm and
1

system, generally need to set the value of CDF, so that it is less than or equal to a certain value.

3. Ranging based on RSSI

The ranging principle based on received signal strength indicator(RSSI) is that a radio signal will
happen loss of energy intensity in propagation process, and the wastage of the radio signal’s energy
intensity and the transmission distance meet certain mathematical function relationship, through the
mobile terminal to collect the value of RSSI around each beacon node launching, using the path loss
model to make the value of RSSI be converted to the distance from mobile terminal to each beacon
node.

3.1 The characteristics of Bluetooth signals

The localization algorithm based on RSSI needs to analyze the characteristics of Bluetooth signals.
The carrier frequency of Bluetooth signals has only 2.4GHz, Bluetooth realizes the expansion of the
spectrum using frequency modulation method, to divide the 2.4 GHz frequency band into 79
frequency points. The data transmission of Bluetooth beacon node is more complex, first sending data
at a certain frequency point, and then jump to another frequency point to continue sending data, while
these data transmission of frequency point arrangement is pseudo random, frequency shift 1600 times

per second, and the duration of each frequency is 625us.
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The protocol stack of Bluetooth specification is the protocol for the personal area of designing and
establishing wireless communication, using the hierarchical structure to respectively complete the
functions of data flow transmission and filtering, the establishment and release of wireless connection,
the guarantee of the quality of business services, the control of the link, the demultiplexing and
multiplexing of the protocol, etc. The stack of Bluetooth protocol follows the reference model of open
systems interconnection, as shown in Fig. 1, and from high to low Bluetooth protocol can be divided
into three layers, namely, the application layer protocol suit(ALPS), the middleware protocol
suit(MPS), the transport layer protocol suit(TLPS).
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Fig. 1 The protocol stack for Bluetooth

3.2 The weighted least square positioning algorithm of eliminating high order based on RSSI

Preprocessing signal parameters

In the positioning process of mobile terminal, terminal receives N RSSI values of certain beacon node,
because this N RSSI values are discrete random variables, whose values subject to or similarly
subject to Gaussian distribution. In order to get rid of the random and noise interference of signal
acquisition process and improve the positioning precision of the positioning algorithm, generally
choose those with high probability, that is, the area of high distribution density, measure the signal
strength of beacon node about x ’s density function of f(x), as shown in equation 4:

1 7(X*ﬂ)2

f(x)= e 29 4)
() o271
There pand ¢ are the average value and standard deviation of the signal intensity respectively,
which can solve through the following formulation:

H= i RSSI,
i=1

S= \/ﬁ(%“(Rssu —,u)zj

After all the values of the collected signal strength are to pass Gaussian filter, the range of the signal is
within [0.156 + £,3.096 + 1] of the RSSI values. Assuming that remain M RSSI values after filtering,

which is processed to be optimized. The processed RSSI values are as the RSSI values of beacon
nodes that participate in the positioning of the positioning algorithm in this period of time.

The optimized estimation of pseudo-range

Assume the transmission power of beacon node is Pt, whose unit is dBm, according to Huawei
indoor path loss model and the preprocessed M RSSI values, it can get the received signals of
pending positioning nodes is:

()
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N
RSSI =Pt —20xlog( f)-10xnxlog(d)-> P - X +28 (6)

i=0
N
Let A=Pt—20xlog( f)—z P —X_ +28, and then the formulation of (6) can be simplified:
i=0
RSSI = A—10xnxlog(d) (7)
M RSSI values can be obtained the equation set:
A—RSSI, =10xnxlog(d,)
A—RSSI, =10xnxlog(d
2 xnxlog(d,) ®)

A—RSSI,, =10xnxlog(d,, )

The above formulation can be abbreviated to the form below:

There into, g =10xn, & =[lgd,,lgd,,---,Igd,, I",b=[(A-RSSI, ),(A-RSSl, ),---,(A-RSSI,, )] .
Using the least square method to resolve the above formulation to get:

O1s =(qTq)_qub (10)
d =10%s (11)

So it can get the distance from the receiver to the transmitter of least-square estimate value d s, as
shown in equation 12:

A N

1 M
:MZ | (12)

Here, ai is the ith element of the vector a , 1=12,---,M . The least squares estimate values aLs

is substituted into the circle equation, namely, to realize the RSSI value of the least squares estimated
process.

3.2.3 The weighted least square positioning algorithm of eliminating high order based on RSSI
According to the formulation (12), it can be calculated respectively the distance from mobile
terminals to n launching beacon node d,(i=12,3,---,n) . Suppose the position coordinates of n

launching beacon nodes are all known, it can obtained the observed circular equation, as shown in
equation 13:

(X2 B X)2 + (yz - y)z = d2 (13)

(%, =) +(y, -y =d,’
There into, (x;,Y;)(i=12,3,---,n) is known to the coordinates of launching beacon nodes, (x,y) is

the mobile termmal’s coordinates.

The method of eliminating higher order is through calculating the difference between the observation
equation to eliminate secondary unknown parameters of observation equation. The formulation (13)
of the nth equation as the benchmark, the rest equations are all subtracted with it, and it can be got a
new observation equation:
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d12 _dn2 = X12 + y12 _(an + ynz)_ Z(Xl =X, )X_ 2(y1 —Yn )y
d7—d?=x?+y, _(xnz N ynz)_ 2(x, —x, )x=2(y, =y, )y 14)

dn—12 - dn2 = Xn—l2 + yn—l2 - (an + ynz)_ 2(Xn—l — X, )X - 2(yn—1 Y )y
To transform the formulation equations (14) can be obtained the form such as V, = B,Z, — L, of the
error equation:

v, 2(x,— %) 2(y, — V) [y (i y?)+dZ-d? ]
V2 _ 2(X2 - Xn )'2(y2 - yn) |:Xj|_ XS + y22 _(Xr? + yr?)+ dn2 _d22 (15)
Voul [206:2=%)200a=Ya)] |2, +y2,—(@+y?)+d2—d2, |

For the linear formulation equations V, = B,Z, —L,, using the method of the least square estimates
the estimated value of the state variable Z, from the observation vector L,, V, can be understood as
the observation vector L, of the error vector. The estimate criterion of the weighted least squares is to
make the sum of weight error of squares:

J(ZAe):(Le—Be iej We(Le—Be erj (16)

achieve a minimum. W, is a positive definite and diagonal weighted matrix, under the conditions of
the ratio of ranging error and the distance as the independent distributed Gaussian random variable, it
can be resolved by ranging error variance matrix V,, and W, =V.*. The distance between each

launching beacon node and the mobile terminal d,(i=1,2,3,---,n) has an impact on the positioning
accuracy, short distance has bigger influence on the position precision and long distance has little
effect on the positioning accuracy. The influence of the different distance on the positioning accuracy
is also reflected in V, matrix, its form is:

dl_dn,o,"‘,o i 612101"'10 —‘_ dl_dniol'”io

v _| 0d=dy 0 | 0,070 | 0.d,~d, 0

e

(17)

anln'vdn_l_dn _0,0,"',05_1J_0’07“.’dn—1_dn

Here, o/,07,-++,02, is the sum between the distance d,(i=12,3,---,n—1) and d,of the variance,

because the distance between each launching beacon nodes and mobile terminal is mutually
independent. The matrix V, not only contains the distance to affect weight, but also contains the

distance of different variance impacted on weight.

Let J[le be derivation, and order:

a(Z,) _

e =0 (18)
0Z,

So it can be obtained the solution of the estimated parameter Z, =[x, y]", as shown in equation 19:
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4, Conclusion

In this paper, the weighted least square positioning algorithm of eliminating high order based on
Received Signal Strength Indicator(RSSI), using Bluetooth beacon nodes to localization, effectively
improves the positional accuracy, which runs time significantly short, effectively enhances the
efficiency of the positioning. In this article, Gaussian noise on the influence of the algorithm is
smaller than the other algorithms, and is suitable for application in complex indoor environment.

Acknowledgements

This work was supported by the Collaborative Fund Project of Science and Technology Agency in
Guizhou Province Marked by the word LH on 7487[2014], the reform project of teaching contents
and curriculum system in colleges and universities of Guizhou Province on 2014SJJGXMO003, and
the project of education and cooperation for talent team word in Guizhou in 2015(N0O:[2015]67).

References

[1] Honggui Li. Low-cost 3D Bluetooth indoor positioning with least square. Wireless Personal
Communications An International Journal, 2014, 78(2): 1331-1344.

[2] H. Y Shi. A new weighted centroid localization algorithm based on RSSI. International
Conference on Information and Automation, 2012, pp.137-141.

[3] Zhu jianyong, Chen zili, Luo haiyong, and Li zhaohui. RSSI Based Bluetooth Low Energy
Indoor Positioning. 2014 International Conference on Indoor Positioning and Indoor Navigation,
27th-30th October 2014,pp. 526-533.

[4] J. Pollard and S. Zhou. Accurate indoor position determination. Department of Electronic and
Electrical Enginnering, University College London.

[5] H.Jin, Ch. Xu, and K. Lyons. Corona: Positioning Adjacent Device with Asymmetric Bluetooth
Low Energy RSSI Distributions. 28th Int. Symp. ACM User Interface Software & Technol., Nov.
2015, pp. 175-179.

[6] Z. Jianyong, L. Haiyong, Ch. Zili, and L. Zhaohui. RSSI based Bluetooth Low Energy Indoor
Positioning. IEEE Int. Conf. Indoor Positioning and Indoor Navigation, Oct. 2014, pp. 526-533.

[7] M. Ji, J. Kim, J. Jeon, and Y. Cho. Analysis of Positioning Accuracy Corresponding to The
Number of BLE Beacons in Indoor Positioning System. 17th Int. Conf. Advanced Commun.
Technol., July 2015, pp. 92-95.

[8] D. Contreras, M. Castro, and D. S. de la Torre, Performance Evaluation of Bluetooth Low
Energy in Indoor Positioning Systems,” Trans. on Emerging Telecommun. Technologies, vol. PP,
no. 99, pp. 1-10, Aug. 2014.

[9] F. Palumbo, and et. Al. A Stigmergic Approach to Indoor Localization using Bluetooth Low
Energy Beacons. 12th Int. Conf. Advanced Video and Signal Based Surveillance, Aug. 2015,

pp.1-6.

82



