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Abstract

The positioning system based on RSSI is extremely affected by the multipath
transmission medium, the signal transmission and shadow. Even changing the angle of
the antenna is likely to affect the ranging accuracy. In order to solve the problems above
this paper proposes an indoor optimal positioning algorithm based on Wi-F I‘
strength. It introduces positioning evaluation function, using the optimal algorltvlg et
a set of path loss exponent to improve the positioning accuracy. Experime how

that the algorithm can obtain higher positioning accuracy hout p ation of
indoor environment or additional hardware investment. & Q
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1. Introduction ?

The technology of Wi-Fi is widely expl nowada@work It has been a part of
people's work, study and entertalnme h|c es convenient and high quality
network service for people. At th tlme mless Location Based Services

(LBS) attracts the attention of ers. The , the location technology based on
Wi-Fi rapidly arouses peop.ﬁ att mand qwckly becomes the focus of the
indoor location technology resedrch du vantages of low cost of deployment, easy
to implement, high positi g accura d easy extension.

The current ma'm of |nd r loCalization algorithm is mainly based on RSSI,
which is with n hardware investment. There are a large humber of
Wi-Fi nodes in e, as Ion rior to get name and coordinates of locating wireless
AP, it can nmg AP nodes. Positioning algorithm based on RSSI is
divided |n categ i on ranging algorithm and ranging algorithm. At present,
many scholars have Iot of exploration and research on the localization method

wireless signal fluenced by the positioning environment obvious, and the influence of
different pbgtaclés on the wireless signal cannot be predicted. In the literature [2, 3], in
ate the influence of indoor positioning environment on the positioning
e secondary positioning algorithm based on RSSI is proposed. First according
0 isting network information, the location terminal is roughly located, and then
mg to a rough estimate of the location update path loss index, and then second
es to locate, to improve the positioning effect. In the literature [4], the secondary
posmonmg method is adopted to obtain the better positioning effect by modifying the
path loss exponent in the indoor environment. Based on the existing algorithms, this paper
proposes an optimal positioning algorithm based on RSSI, by introducing the positioning
evaluation function, the optimization algorithm is used to obtain a set of optimal path loss
index to improve the positioning accuracy in the presence of non line of sight error.

based on the p@‘ model. In the positioning process, the main problem is that the
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2. RSSI Data Processing

Indoor environment is complex and changeable, due to wave signal of non line of sight
propagation, multipath propagation, and other electronic devices in the signal to
interference, the intensity fluctuation for receiving RSSI is bigger, the value of great
uncertainty and randomness. Before the system is located, the measured signal strength
must be processed by filtering, so that the measured value is close to the true value.

2.1. Data Error Processing

The error of RSSI in the measurement process can be divided into random error,
system error and gross error. When the transmitter and the receiver does not exist non
line-of-sight error, the fluctuation amplitude of RSSI is small, which is mainly due to the
random error and the gross error of the part. On the contrary, the measurement result is
violent fluctuation, gross error and random error are very obvious, it is need to rémo
part of the existence of coarse error before positioning, and then make the fllte id
the influence of the positioning accuracy of the system.

(1) Gross error elimination ﬁ %
At present, there are many ways to achieve elimi \ he data, the

simplest is repeated measurements, Pauta criteri Gru ion is the most
commonly used mathematical methods. Accor to the b%(ments for indoor
positioning and feature of Wi-Fi signal intensjt§athis paper%ac S Pauta test to eliminate
gross error. If a RSSI measurement value measure\ es of average value of the
difference in the absolute value is gr an all~measured values three times the
standard deviation, you can identifie ent value is the gross error data
exist, need to eliminate. The Pal i@ used to ate gross error in the process of
measurement data, need to compl e foIIo g steps:

a. RSSly,, RSSI,...... RSSlin ’&Q value of N node for m times
measurement, take the a e as u, l, + R53|2n +...+RSSI,,

L 2

b. Calculatio@gdevﬁ@% o= \/%i(RSSImn —uy :
O W@

i=1

c. Traverse RSSI4, lon...... RSSI,,,, if it is satisfied |Rss|mn - y| > 3o, that the data
is gross error, e removed.

(2) Ra error processing

state of the system is k, if the established mathematical model is used to predict
thesState of the whole system, using this model, the most ideal value of the system in k
state is easy to get from k-1 state. X(k | k-1) is the results obtained based on above state of
the system. A and B are the parameters of the system in advance. X(k-1 | k-1) is the
optimal value of a state in the system. U(K) is control variables for the current state of the
system, P(k | k-1) is the covariance of X(k | k-1). I is a unit matrix, H is the parameter for
the measurement system, K, is the Kalman gain of the system, R and Q is respectively the
noise covariance in the measurement process, Z(k) is the measured value at k time.
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X (k[k—1)= AX (k —1]k —1)+BU (k)
P(k|k-1)=AP(k-1k 1) A" +Q

X (K[k) =X (k=1]k=1)+ K, (k)(Z (k) - HX (k[k -1)) )
Ky (K)=P(k[k=1)HT /(HP(k|k-1)HT +R)

P(k|k)=(1=K, (k)H)P(k[k-1)

In actual position environment, the receiver can scan RSSI of all wireless node for the
current moment in a certain coordinate, but the value between measured and true is still
exists a certain deviation. In most cases, it can be classified as Gauss white noise, which
has no relation with time and obeys Gauss distribution. Therefore, we can get two RSSI
values: measurement and empirical value according to the established positioni tepn”
model. The optimal RSSI value of the specific position can be calculated by u%ﬁ se
two values in combination with their respective noise characteristics. RSSI ystems
should be exactly the same all time assuming that the reqeiving eng’c ates are
unchanged, so the value of A is 1. Because the contro?:ﬂ%Jl ofpexist in this

location system, U(K) is O, the estimate value of systemdfo
RSSI(k|k—1):RSSI(k—1k—Q \\?f
RSSI(k-1 | k-1) is optimal value of syst k-1 l‘i@ss|(k|k_1) is estimated
rding to thésvactual measured value and

result of system for the current times
n resy\( e current time is RSSI(k | k) by

estimated value of RSSI, the best est'

calculated. The value of measureme m pa is 1, get the following formula.
Rssl (k|k)=RsSI (k|k— RSSI (kk-1)) @

In order to make the Kalma fllter ze the cycle calculation until the signal
strength data processing is0yer, need ate the covariance of the RSSI(k| k), because
the filtering model ;s S model yst , the covariance of k time is:

|k fQ P(k|k-1) 4)

2.2. Influ‘f Pat)& ndex on Distance

In general, there rtain error between the field strength value obtained by the
experiment and t value, according to the empirical model, the conversion of the
field strength a@ureless AP node which is read from the receiving end to the distance
will bring greater deviation to the positioning system. So it is necessary to modify the
path los I, this paper introduces the random variable X, which will affect the
rando r as far as possible to minimize. The logarithmic attenuation model based on

is shown in the following formula; q
RSSI =RSSI, —10ylog| — |+ X
0 v gTd0j+ - (5)

The error of path loss index will bring bigger error to the estimate distance between the
receiver and the transmitter, ignoring the effects of noise, the following formula can be
obtained.

RSSl,—RSSI
d=d, x10 7
o (6)
RSSI,-RSSI is said to AR, so relative error d is:
é‘ d d 1 1010’ 107

AR_AR ‘
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(7)
d , 77 is respectively gamma measurement value.
11 77 &
7oy vxr 7 (8)
AR AR ARAy
5=[1-10" ©|=1-10""
(9)

Generally take the average of v, it is assumed that the orientation environment
information can be reflected in 3.60 in this paper.

3. Evaluation Function of Positioning System vy.

In the positioning algorithm based on distance measurement, the istance
intersection method is generally used to determine the coogdinates of 4hg, _nogdes to be
measured. Under the ideal conditions for the free space %er%spec 0 more than
three reference nodes as the center, to each reference QQ suréé’node distance
as the radius of the circle intersect in one point, ¢ soft n:&ﬁs location of the
node is to be measured, as shown in Figure.1. I&V

7

S

&
%

Figu@Scher&@Diagram of Location under Ideal Conditions

nodes whose cgondirates are set as {(X1, Y1), (X2, ¥2), (X3, ¥3), (Xs, Yo)}, the true distance
between thespositioning terminal and the four wireless AP nodes is respectively d;, d,,
d;, d: in practical applications, due to the environment in the presence of
interf , no matter what method calculated the wireless AP node and positioning
% distance is always greater than or less than the actual distance between the two.
i

In Figure.l,;h@@'on coordinates of the location terminal is (X, y), four wireless AP
0

easurement error will lead to the four circle will not intersect at a point, as shown
in¥igure 2.
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Assuming that in Figure 2, the coordinates of the\(f%e
shortest distance line segments for positioning termi the
positioning circle is respectively {(a;, by), (a, bz),g . (a4,
circles is di, d,, ds, dg4, they are actually the estimated-distance sitioning terminal to

various wireless AP node. Ideally, the co te mappifig, and positioning terminal
should be made one. The sum of the mijni istance he positioning terminal to

all the boundary circles is the sum of t nce he point to the mapping points.
The following formula can be obtaln s%\{

(10)

When there are n ereles odes
f(xy @—dlh‘d}@...
*

i . y.),i=12...n (12)

Accordi@the a @ory, this paper will put f(x, y) function as the system's
positioning evaluation ion, to determine the results of the positioning. The traditional
positioning system en loop; positioning evaluation function is used to make the
positioning sys chieve a closed loop. In view of the problem of large amount of
calculation of t se coordinate point, the initial positioning and the middle position are
dlrectly by the least square method in this paper, and then use the location
ction to test the accuracy of the positioning results, then according to the
o correct path loss index for repositioning, in order to improve the positioning
of the system.

(11)

4. Optimal Positioning Algorithm

4.1. Primary Positioning based on RSSI

For the initial location of the system, need to make full use of the Wi-Fi network has
information, select the larger signal strength of AP point, and given the specific value of
the path loss index, the average path loss index is 4. When the positioning end is added to
the WiFi network, the signal strength value of each wireless AP point is scanned in the
communication network. Then the signal strength value obtained by measurement is in
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accordance with Pauta test and Kalman filter, after filtering the RSSI sampled data, the
signal intensity values of all wireless AP nodes are sorted, and select strong signal
strength of the wireless AP point for the initial positioning, the initial positioning of the
process is shown in Figure 3.

Join network

The search of the AP
nodes in the network

A

Get RSSI of AP node
and processing

Estimated the distance ?\V
1 . QO
Initial positioning \&
|

# Of |
g~ ROsitioning
L/ S
L
Figure 3.’?&/ Char O@e Initial Positioning
In the initial positignai e RS I’(%ta ned will be in accordance with the size of the
sort, select the str int of the<pgsitioning of the signal, in general, the signal strength

of the AP node {Q 70dBnﬁ® not have value need to.

The mei@ east sq method is used to solve the initial location, path loss index
iS pf =k SNwyk =y n empirical value in the current location environment, Kk is

0, calculate the disi(b; and then the system for positioning, to determine whether the
positioning of s Zif the positioning is successful, then enter the search for optimal
positioning, or ess to wireless AP nodes.

.2. Optimmization Update of Path Loss Index

e completion of the initial position based on the signal receiving strength,
g to the results of the initial positioning to determine whether enter the optimal
sitioning. Because the prior information of the location environment is unknown and is
easy to be affected by the movement of the object and people, the path loss exponent in
different location environment is shown in Table 1.
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Table 1. Path Loss Exponent in Different Location Environment

Location environment Path loss index y
Downtown area 3.7-6.5
Office 2-6
Free space 2
Outdoors 2.8

Assignment optimization was carried out on the path loss index as follows; select the
best path loss index y. The main process is as follows:

1) According to the results of the initial positioning of each wireless AP node
corresponding to the difference‘\/(x_xi )2+(Y—yi )2 —di" in descending order, select the

*
first n/2 optimization calculation, },& =y, =...=y" =, remain unchanged. ?y

environment is between 2~6.5, from we n know

2 2
2) From Table 1 shows that the value of the path loss ex%xng in th@@ location
7/1k_min:7;_min:"':7:/2_min:7min:2 ! Jl.(_maxzyQ :w 7max:6'5 !
$,=S,=...=Su, = (Voax — Vi) /77, 1 15 @ positiv r, k ds\searghing times, in the
initial seasonal, k=1, j = 1.

3) Different processing strategies are a@% accorah@ the k value. When k=1,
7i=7n(m=12....,j-1), , has been Opliniized f@he m bit, at the same time,
% N

=7

— —k . .
7;'<+1:7J'k+2 :---:7:/2 =V When kzgn m(n@"d_]"]-kl’“"n/z)'
4) yy is a, ats, a+28,-.-,QAf ectivej@ (t)=a+ts,t=0,12,...,7.

5) Acquisition range ased on@ng the least square method to calculate the
coordinate value, p{@ coordinate value through the positioning evaluation formula

(12). \
6) Sele@inimu
optimizatio ue for

optimal »¥ , if j=n/

of ;valuation formula corresponding » , ;kj is current

=*The optimal path loss index obtained is used to find the
ete a rough search, otherwise, j=j+1, repeat 3) ~5) step.

_ —k-1 . [~k )
7) Make k?@—l, s o =max(2,7;"=5) 74 =min(7; " +5,65), to reset s,
make S@&’W _yjk min)/;7, repeat 2) ~6) step. When the maximum value of s; is less
than6 hreshold, the optimization is done.

@inal Location based on RSSI

Using the above process to obtain a set of optimal path loss index, compute the
distance from location to the selected wireless AP node, then the weighted centric
localization algorithm is used to carry on the final positioning. According to the
characteristics of WiFi positioning, the closer distance wireless AP node, the greater its
influence. In this paper, 1/d; is selected as the weighting factor of the positioning system.
The calculation formula of the position terminal position is as follows:

1

x=211%, X i+i+...+— (13)
d, d, d,/ d, d, d

n
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yo Y Yoy %

i+i+...+i 14)
d, d, d

d d, d,

n

In the above formula, X, y, are coordinates for wireless AP node, d, is the estimated
distance calculated by the path loss exponent.

5. Experiment and Result Analysis

In order to verify the positioning performance of the optimization algorithm in the
indoor environment, the laboratory experiment was conducted in the laboratory, which
was complicated by the indoor environment, more people and often moving around.
Computer and other electronic equipment in the laboratory are more, the interference
source is more, and the local map of the scene is shown in Figure 4.

ield Te

@\vironment Map

The laboratory is 7 %ers long ang,'6.50 meters wide, deployed 4 known locations
of wireless AP nogés,The*layout is shown in Figure 5, establish the right angle coordinate
system based o catiomQ , the coordinates of the 4 wireless AP nodes are

P3(6.00, 5.50), AP4(0, 5.50), 8 test points were selected.
s dvance to its true location, number is 1~8. Network layout
12p

Figure™

prare as shown in Figure 5.

5.5

Figure 5. Network Layout and Test Point Location Map

In experiment dy=1.00m, #=5, Ry is the average value for 500 times measured at do,
experimental measurement RSSly =-18 dBm. The threshold setting for the stopped optimal
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location is 0.10. After traversing, the sum of 8 test point positioning error is minimum
when y= 3.6, so the path loss index is fixed 3.6 in the non optimal location algorithm.

Field experiments are carried out according to the above mentioned parameters, the
positioning terminal is moved to 8 known locations of the test points, the signal strength
of four wireless AP nodes is measured at each test point 20 times.The height of the above
8 measurement points is 0.75 meters. After pull up to the sampled data in Pauta inspection
and Calman filter to locate, the experimental results are shown in Figure 6.

4,
—l— Wealitod lodatin
3.5¢ e Laosr squars mathod
=@ tin] ki dpaithag
3.0
Eas 1 V’
S
& 2.0k
(=)
£
<]
g 1.5p
‘D
&
1 Q
0.5p O \V

0 .
1 2 € NG ¢ % 8
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Figure 6. Eight Test Pomts r,@dlng Positioning Error
Figure 6 shows that the opt tlon a |s better than the non optimization
algorithm; the average error st s 1 12 meters, the average location error
of the weighted centroid Iocallza ion a is 1.36 meters, the average location error
of the least square meth 1.66 m In contrast to the open environment test, the
average location esr e opti I algorithm is the least; positioning error has only

increased by 0.27 N ositi ors of other two kinds of positioning algorithm are
increased by_abDd 40 mete hen the location environment changes, the optimal

location alovxé a@h stability and adaptability.
6. Conclusion

At present, '@nand for positioning and navigation is gradually increasing and the
outdoor positiohing and navigation is relatively mature, but in the complex indoor
environm uch as hospitals, supermarkets, subway stations and other indoor
environ@t, the positioning system is still unable to meet the needs of people. Because
of t lexity of indoor location environment, it is difficult to determine the path loss

=in view of the actual demand of the positioning system, this paper puts forward a

od to find the optimal location, by introducing the positioning evaluation function,
and the path loss index is optimized to improve the positioning accuracy, it has certain
popularization and application value.
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