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ABSTRACT

In short range Radio Frequency technologies, Wireless Location Area Network (WLAN) has already be
used as one of the most effective indoor positioning system. It is competitive in terms of both accuracy and
cost compared to similar systems. To date, several signal strength based techniques have been proposed.
Fingerprinting is a common technique for indoor positioning. It consists of the data training phase and the
real-time positioning phase, data training phase is to generate a radio map for the location phase. Generated
map is the key for the accuracy of positioning, for generating the radio map we need collect samples at each
reference point and analyse Radio Signal Strength Indicator (RSSI) . This paper presents a new approach to
approximate RSSI probability distribution, that is the adjusted Weibull function. Researchers have done
several experiments in difference conditions, the test results show that the adjusted Weibull function can
well approximate 2.4G WiFi RSS probability distribution. I hope this study can bring some reference for

fingerprinting indoor positioning.
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1. INTRODUCTION

Location Based Service (LBS) is mobile
application which depends on mobile devices and
mobile network to calculate the actual geographical
location of mobile user, further to provide the
service information related with the position the
users need. It is now becoming one of the standard
features in mobile devices and has good application
prospect and huge market space. The key issues for
LBS is the positioning technology. Indoor
positioning is one of the most active research areas
in recent years and more and more researches are
concentrating on it. Global Position System (GPS)
is the most popular positioning system, however, it
is not suitable for indoor positioning due to the
unavailability or attenuation of the GPS signals.
There are many radio technologies adopted for
indoor positioning, such as cellular networks,
Wireless Local Area Network (WLAN), yes,
WLAN aims to provide local wireless access to
fixed network , it is welcomed by consumers due to
its many advantages (such as low cost, mobile).
Especially, WiFi has become the industry standard,
it iperates up to 11 Mbps in the 2.4GHz band, all

those show WLAN is a good choice for indoor
positioning.

As we all know, indoor radio signals distribution
is very complex due to signal attenuation,
penetration losses and multipath propagation. It is
very difficult to generate a RSSI distribution model.
As mentioned above, the fingerprinting approach is
an effective way for WiFi positioning. For
fingerprinting, to generate radio map is very
important, because it directly affects the accuracy
of positioning. In this paper, we proposed adjusted
Weibull function to approximate the 2.4GHz WiFi
RSS probability distribution, experiments show this
approach can better reflect RSS distribution.

Broadly speaking, indoor positioning refers to a
field of theory, methodology and applications for
calculating location that a given user or device.
According to our related work on this aspect, its
main points can be summarized as follows: Using
RSSI can be mapped into a mathematical structure.
Using approximate RSS distribution can also be
mapped into a mathematical structure. Above two
structures all can be used to generate fingerprinting
database. But using RSSI to generate map needs
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large workload. The better data map, the better
locate.

The remains of the paper is organized as follows:
To reduce the time of calculating location for
indoor positioning with fingerprinting methodology,
we need generate training database quickly and
exactly. In section 2 and section 3, we explain that
the existing the components and theory of WLAN
and fingerprinting location system. Then we
describe how to use Weibull function to
approximate the RSSI distribution in section 4.
Based on presented Weibull model and test data, in
section 5, we do several experiments and
simulations and discuss the test results. Section 6
draws a conclusion to the whole paper and

foccaP

_—-ﬁ;—-‘

summarizes and discusses possible extensions of
our work.

2. THE COMPONENTS OF WIRELESS
INDOOR POSITIONING SYSTEM

The components of the wireless positioning
system in this paper consist of two parts: the
wireless network and mobile devices. As shown in
Figure 1, the server connected with several accept
points (APs) over a WLAN/Ethernet network is
responsible for the system core functions,
especially positioning calculations. The APs are
synchronized by the server when inquiring the
mobile devices in their surroundings and relay the
positions from the server to mobile devices.

wireless connections

data link

Figure 1: Wireless Indoor Positioning System

Whenever received signal strength, indicator
(RSSI) measurements are needed for positioning,
the server will send a trigger to all APs to scan the
mobile devices in their surroundings. Having
completed the inquiring task, all APs will send the
RSSI measurements back to the server either for the
purpose of calculating the current positions of the
mobile devices or generating the radio map
database.

3. LOCATION FINGERPRINTING
TECHNOLOGY

Location fingerprinting consists of two phases:
‘data training phases’ and ‘positioning phases’. The
objective of the training phase is to build a

fingerprint database. In order to generate the
database, reference points (RPs) must first be
carefully selected. Locating a mobile user (MU) at
one reference point (RP) location, the SSs of all the
APs are measured. From such measurements the
characteristic feature of that RP (its SS) is
determined, and then recorded in the database. This
process is repeated at another RP, and so forth until
all RPs are visited. In the positioning phase, the
MU measures the RSS at a place where it requires
its position. The measurements are compared with
the data in the database using an appropriate
search/matching algorithm. The outcome is the
likeliest location of the MU. The whole process is
illustrated in Figure 2.
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Figure 2: Two Phases Of Fingerprinting

The fingerprinting approach has been accepted as
an effective method for WLAN positioning,
although there are still a lot of problems. There are
in fact two ways to estimate the unknown location.
The simplest one is the deterministic method. The
average SS of each WLAN AP measured at each
RP is used to create the fingerprint database. Since
the variation of the SS measured at each point is
large, in order to achieve more accurate results, the
probabilistic approach has also been developed.
Unfortunately, the distribution of the SS is non-
Gaussian. Even worse, it varies at different
locations, and at the same location when the
orientation of the antenna changes. Hence many
measurements are necessary, and this takes more
time to generate the RSS distribution at each RP.
Furthermore, this increases the database size and
the computational burden. Nevertheless, the
establishment of the location fingerprint database is
an essential prerequisite. To achieve a good
estimation of user location, the more RPs, or in
other words, the smaller the granularity, the better.
And the more measurements obtained at each point
the better. However, more RPs and more
measurements mean that the training phase is a
significant task in terms of labour and time.

In all words, at each reference point, the RSSI
probability distributions of all APs are stored. To
speed up the location computation process, it is the

key which the probability of the RSSI was

measured accurately and quickly.

4. THREE- PARAMETER WEIBULL
DISTRIBUTION FUNCTION

In this paper, in order to obtain a good estimate
of the RSSI probability distribution at data training
phases, we introduce the Weibull function to
proximate the RSSI probability distribution. The
Weibull function is a traditional method for
modelling the signal strength of radio propagation.
The probability density function can be expressed
as

f=1g 5" LS

o , X<t

Where x is the variable of the function, t is the
shift parameter, m is the shape parameter, and 0 is

the scale parameter. While the cumulate
distribution function is defined as

,(x;tjm
F(x)=1-e‘* )
Maximum likelihood estimation is a very
effective and general parameter estimation

approach, using it to estimate the parameters of
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Weibull distribution has very high accuracy. The
basic idea is to choose undetermined parameter to
make sample probability maximum in the
observation fields. When there is n data and be
expressed as the sign xi (where i from 1 to n), and

<Y . < e
XXy X”, then the logarithmic likelihood

function can be expressed as

InL(x;,X,, -, X,;m,6,t)

:gm f(x;m,0,1) €)

im0

Then maximum likelihood equations can be
defined

8InL n Z”l: Zl[ J a—tzo

o (
8InL -ty
o =(1—m)izllln)(i_t+6;|n( 7 j =0

m:_ﬂ_n(m—1)+mz(xi—tj ~0

00 0 0 0=\ 0

Through equations (4) we can obtain the three
parameters of Weibull function. But due to the
equations is nonlinear and can’t access answers
directly. Currently, most ways is using computer
programming iteration solve, it is not only very
complex but also due to unfit initial value lead to
can’t obtain the results which we hope. In this
paper, we through logarithmic likelihood function
maximum value to solve the parameters.

4)

Let us look at the following deduced

00 0 0 0=

13 m
:Hg(xi -1)

olnL _ n

Take equation (5) into equation (3), obtained

InL(X,,X,, -+, X,;m,6,t)
=nlnm-nl In(%i(xi —t)m] (6)

+(m —1)Zn: In(x, —t)—n

According to maximum likelihood principle,
maximizing equation (6), then the value of m and t
are the estimated value of shape parameter and shift
parameter. From the physics meaning of three-
parameters Weibull distribution we know usually

0<m<10; O0=t<x , SO solving equation
(6) That is equivalent to solving equation(7)

max(InL(X,, X,,---, X,; M, &,1))

%i(xi —t)mj ()

i=1

:nlnm—nln(

£(M-DYIn(x ~1) -

O<m<10

Subject to: S.t.
{ O<t<x
Using nonlinear programming method to get
shape parameter and shift parameter is very easy,
then take shape parameter and shift parameter’
value into equation (5) to work out scale parameter.

5. EXPERIMENTS AND DISCUSSIONS

In order to test the performance of the algorithm
in this paper, two test cases have been carried out.
We used two computers, and two kinds of receiving
signal software in each computer to receive 2.4G
WiFi signals. As shown in table 1.

Table 1: Sample Numbers With Difference Computer And Receiving Signal Software

Sample numbers of Computer 1

Sample numbers of Computer 2

Receiving signal

software 1 11809

13583

Receiving signal

software 2 13649

12760

We need to explain, one is the two computers

have difference wireless receiving configuration,

e
105

and receiving signal software 1 is passive scan
wireless signals and receiving signal software 2 is
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active receiving. Each test has more than 11000
RSSI samples. Using the algorithm in this paper,
we draw the following pictures. Another is we only
use equation (7) to work out the shape and shift
parameters, the scale parameter is adjusted.

The figure 3 is a picture which uses passive scan
receivig software in computer 1, where red dash
line is the 11809 RSSI samples distribution. The
blue solid is we got the Weibull probability
distribution from the RSSI samples. The figure 4 is
a picture which uses active receiving software in
computer 1, where red dash line is the 13649 RSSI
samples distribution. The blue solid is we got the
Weibull probability distribution from the RSSI
samples.

Figure 3: 11809 samples by passive scan in computer 1
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Figure 4: 13649 samples by active receiving in computer
1

Similarly, figure 5 and figure 6 is respectively
the RSSI smples distribution and corresponding
Weiull probability distribution in the computer 2,

where red dash line shows samples distribution and
blue solid line shows Weibull probability, passive
scan has 13583 samples and active receiving has
12760 samples.
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Figure 5: 13583 samples by passive scan in computer 2
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Figure 6: 12760 samples by active receiving in computer
2

From figure 3 to figure 6, we can draw a
conclusion, the shapes of the two lines are similar
for each figure in lots of different conditions
(different  receiving software and different
computer). Of course, we also must look out this
test since it is only at one sampling position, hence
if we want to verify point further in this paper, we
need have lots of tests in various conditions. This is
our next works.

6. CONCLUSIONS

The contribution of the presented paper is to
provide an algorithm to approximate RSSI
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distribution. In order to make this algorithm quickly
create curve, we propose programming solving,
using this method significantly accelerate
calculating speed. Wireless infrastructure has been
widely utilized in personal area network
communication. The proximity approaches have
also been investigated in recent years. To pursue a
practical indoor locating solution with sufficient
accuracy in a wider area, this study enlightens an
indoor locating approach via RSSI probability
distributions.

The test result shows that RSSI probability
distribution approach is a reasonable way for 2.4G
WiFi locating. Since the Weibull function (adjusted
scale parameter) is utilized for approximating the
probability distribution of 2.4G WiFi signal
strength, it can reduce the workload needed for
generating the fingerprint database, to generate
fingerprint database will become easy and
speediness, location time cost will be improved
significantly.

Of course, the data in this paper from the test
which be done in a perfect place, have no people’s
disturb and other noticeable. But in real using, these
conditions are no existing. Hence we plan to do
more tests in various environments, such as school,
shopping, computer room and office etc, our further
work is to accurate describe the regularity of radio
signal distribution, provide sufficient theoretical
basis to generate fingerprinting database for indoor
positioning.
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