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Abstract.Most of outdoor localization systems is based on range based
measurements. Thus, the mobile terminal needs calculate its distance from the
reference station. It can be represented by a base station or an access point.
Performance of this approach is highly affected by signal fluctuations due to
multipath propagation, especially in dense urban areas. In this paper, we propose
and evaluate the feasibility of implementation positioning system in outdoor
environment. Proposed localization system is based on finger-printing approach
and utilizes signals from the IEEE 802.11a network. IEEE 802.11a is not
traditional platform for mobile positioning, but it is widely implemented in recent
years and would be utilized for this purpose. We analyze the influence of different
factors on the positioning accuracy and provide some recommendation to
implementation of the system based on the IEEE 802 .11a.
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Introduction

Position of mobile device 1s very important information in mobile services. In-crease of
location based services (ILBSs) can be observed over last decade and it 1s not difficult
to find rich offer of smartphones with GNSS (Global Navigation Satellite System)
support or other platforms used to the position estimation in the market. Growing LBS
market has great potential, stimulates development, improvement of technologies
speeds up progress.

When a service provider is going to provide LBSs, he needs to make a decision
about the most appropriate positioning system for the business. Decision like that,
should be based on LBSs requirements, e.g. the positioning accuracy, need of mobile
device modification and etc. Implementation and operating costs also play very
important role [1] - [4].

Positioning systems have already been implemented in many sectors of our life e.g.
intelligent transport systems, commercial sector, industrial military and etc. [3, 6].
They can be used in navigation systems, tracking systems or searching systems.
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Many positioning systems exist and each has its own advantages and
disadvantages. GINSSs offer great cover-age area with good accuracy in the outdoor
environment. Unfortunately, these systems are not applicable in dense urban areas due
to low positioning accuracy. It is mainly caused by multipath propagation and obstacles
in line of sight On the other hand, positioning systems based on the radio
communication networks seem to be more suitable for this kind of environment [7] -
[10].

Generally, positioning methods used in outdoor are based on observation of
various signal parameters. Common positioning methods are based on Cell
Identification (Cell ID), Time of Amival (ToA), Received Signal Strength (RSS), or
Angle of Arrival (AoA) measurements [1], [3], [7], [9], [11] - [14]. Most of positioning
methods 1s sensitive to multipath propagation. Consequently, these methods are not
suitable for dense urban environments.

Time based methods are the most accurate, but too expensive to implement n
current networks. On the other hand, basic methods (Cell ID and RSS) do not require
high implementation costs, but their accuracy is poor. Therefore it is necessary to use
method, which is able to achieve good accuracy and it is not expensive.

Many research teams have paid an attention on the issue of mobile positioning
using the received signal strength nformation [15] - [18]. This interest could be based
on the fact that signal strength information can be simply measured in mobile device
and does not require additional implementation costs compared to other methods. The
RSS information can be processed in various ways, the Trilateration way or another
way based on fingerprinting method. The Fingerprinting method seems to be more
suitable for Non-Line-of-Sight (NLo3) environment compared to Trilateration way.
Furthermore, MS must not be modified. Therefore, we decided to use Fingerprinting
method in this work.

Our fingerprinting solution is based on RSS. Generally, the RSS collection can be
performed by either measuring in a real environment or predicting as described in [16].
In first case, it is very time consuming, but precise and real RSS information are
collected. On the other hand, predicting of RSS is more comfortable, but the data is
highly dependent on a quality of map model of a given environment and propagation
model used in simulation There is a compromise between the demanding effort and
accuracy in [16].

Many fingerprinting based positioning systems are implemented in IEEES02.11
networks. These are mainly used in indoor environment, but can also be successfully
installed in urban areas. In this paper, we are interested in a novel positioning concept
based on IEEE802.11a. This standard is not often implemented as standards, which use
2.4 GHz frequency band. Anyway it can be implemented in outdoor.

This paper examines the accuracy of positioning system based on the
fingerprinting method used in TEEEB02.11a network. Here we focus on an impact of
different environments on positioning accuracy. The positioning accuracy is evaluated
by mean, median and 95% error.

The paper is structured as follows. Section 1 summaries related works where
mobile positioning is based on fingerprinting method. Section 2 deals with the
architecture of proposed system. Test scenario is depicted in the Section 3. Section 4
deals with achieved results. The Section 5 concludes the paper and presents some ideas
for the future work.
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1. Related Works
1. 1. Fingerprinting

Fingerprinting algorithms can be implemented in various ways from mathematical
point of view and can be divided into two main frameworks - deterministic and
probabilistic. In our work we deal with fingerprinting positioning based on the
deterministic algorithm - Nearest Neighbor method (NN), which can achieve sufficient
accuracy compared to more complicated method, in case that density of radio map is
high enough [19].

Accuracy of the used method in radio networks is mainly determined by two
factors. Firstly, signal properties vary much at relatively small area. For instance, in
tew meters range, signal from an AP (Access Point) can get attenuated, get lost or be
replaced with a stronger one. Secondly, these signals are relatively constant in time.
This allows data gathering and their use in future to estimate position of mobile device.

Main disadvantage of fingerprinting positioning is sensitivity for environment
changes such as object movement in the building (e.g. people, furniture), which
altogether affect signal properties. For this reason it is necessary to update the radio
map, but basically, walls and furniture affect the signal most of all and therefore update
is not required so often.

Fingerprinting method consists of two phases. At first, radio map for an area where
planned localization service is desired (see Figure 1) must be created and stored in the
database. Radio map can be viewed as database of spots with known position
(coordinates) coupled with various radio signal properties, e.g RSS, AoA, or
propagation time. The phase in which radio map is created is called off-line phase or
calibration phase.
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Figure 1.Radio map for fingerprinting using RSS.

After the radio map is created and stored in the data-base, the second phase can
take place. This phase is called on-line phase or positioning phase. During this phase
MS measures signal properties at unknown spot. In the next step, the radio map is
searched to find the best match from existing spots. The match is actually the nearest
point from database and its coordinates are considered as MS position (for NN method).
Next sections deal with fingerprinting in more details.
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Localization Algorithm

The most common method to find the best match from the radio map database and
actually perform localization is the Euclidean algorithm. Let’s assume a fingerprint in
radio map, which 1s characterized by vector P:

P:[xj]:[xl,...,xM], (1)

wherex; characterizes thespot, i.e. values of the signal properties, in our caseR3S. A
represents number of APs in the range during the radio map creation. In general, let’s
consider the radio map contains fingerprints collected atNreference points.

P, :[xy.]:[xﬂ,...,xm], i1 N (2)

Unique identifiers of APs (commonly MAC address and SSID) are stored in radio
map as well as reference point coordinates. These are coupled with x, but are not
shown here for the simplicity of the model. The whole radio map contains all
fingerprints P; and creates the set S written as
:i=1...N}. (3)

During the localization of MS, the signal properties are measured at unknown spot
and new fingerprint Q 1s obtained

Q=[y]. j=l...M. 4

The Euclidean distance d, between vectors Py and Q is defined as

&)

When Euclidean distance formula is applied on the en-tire radio map, the vector of
distances D 1s obtained. The vector D, contains all distances between vectors P; stored
in the radio map and vector Q, and can be calculated as

p=[2]=[r 0] ©

The element of vector D with minimum value defines the nearest reference point to
Q. Tts position is recorded within radio map and its coordinates are considered as the
position estimate.
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2. Positioning System

The developed positioning system based on Wi-Fi was designed at the University of
Zilina and it is called WifiLOC. Basic principles of WifiLOC are described in the
tfollowing part.

2.1. WifiLOC Positioning System

WifiLOC was primarily developed to be used in the in-door environment, but it can
also be modified for operation in the outdoor environment. WifiL.LOC utilizes RSS
information from surrounding Wi-Fi access points to estimate position of mobile
device. The system 1s based on the above mentioned fingerprinting positiomng
algorithm and RSS information.

WifiLOC was developed based on mobile-assisted positioning concept. It means
that all necessary measurements are performed by the localized mobile station.
Measured data are sent to the Localization Server (L.CS), which is connected in the
network. The position of mobile device is estimated (calculated) on a server side. The
architecture of the system 1s depicted in Figure 2.
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Figure 2.The architecture of the WifiLOC system.

The communication within the system 1is based on the client-server architecture.
The architecture of the system can be divided into the three independent parts:

e Jlocalization server,

¢ network of reference stations (access points),

¢ mobile device - user, client.

3. Experimental Scenario

The main goal of the experiments is to evaluate the performance of positioning system
based Wi-Fi, working in 5 GHz ISM (Industrial, Scientific and Medical) frequency
band. Experimental scenario was realized at the campus of the University of Zilina.
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The nvestigated area is shown in the Figure. 3. Size of the area where positioning
system was deployed is 450x100 meters. Measurements during both phases were
performed in highlighted lines, with points spaced 3 m apart. The experiment was
implemented in the network based on IEEE802.11a standard. Six APs (Nanostation M5
Loco - Ubiquiti Networks™) were distributed around the area on the roofs of the
surrounding building. All used APs were in the range over the whole observed area and
Line of Sight (L.oS) signal propagation was dominant. Measurements were per-formed
using mobile terminal: Lenovo ThinkPad T431s with external GPS module for accurate
position determination. Mobile terminal is not equipped with omnidirectional WiF1
antenna, therefore 1t i1s important to take into account its orientation.

Figure 3.Experimental area — University of Zilina campus.

100 position estimates per scenario on the observed area were performed to
evaluate the performance of WifiLOC based on IEEE802.11a for each scenario. During
the off-line phase, fingerprints were created at the reference points, sent to the
localization server and stored in the radio map database. Mobile terminal moved with
slower pedestrian walking speed (thus about 3 km/h) during the on-line and off-line
phase.
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The signal power in the frequency band is influenced sigmificantly by moving
reflectors (pedestrians, cars) in the observed area. The problem of the signal power
fluctuations was partially eliminated by estimation of local average power from the
measured data. It is calculated as

1 ®
RSS :N—ZRSSK- , (7)

=1

wherel, is the number of samples (in this case N, = 10). The average value is used for
further processing,

For the analysis of the achieved positioning error, the distance between real —
precise position (obtained by GPS module) and the estimated position was calculated.
This distance was obtained by Vincenty formula. The formula is commonly used in the
geodesy to calculate the distance between two geo-points in WG S 84 system. Obtained
results were statistically processed and are analyzed in the next section.

The measurements were performed in the three different scenarios. The scenarios
differ in some conditions during the on-line phase of the fingerprinting method:

e Scenario 1 - off-line and on-line phase were per-formed in the same way and
under the same conditions, i.e. localized terminal orientation and the number
of movable object in the area was very similar.

¢ Scenario 2 - off-line phase data were used from Scenario 1. Much more
moving objects were situated in the observed area during on-line phase com-
pared to Scenario 1. The moving objects were pedestrians and several cars. In
this scenario we investigated an impact of movable objects quantity on the
positioning accuracy.

e Scenario 3 - off-line phase data were again used from Scenario 1. In this
scenario antenna orientation of the localized terminal was changed during on-
line phase. In this scenario we investigated an impact of localized terminal
orientation on the positioning accuracy.

Parameters of the scenarios were purposely defined because of significantly
different conditions in both phases of the positioning process. Movable objects
(reflectors) have an unpredictable impact. For example, reflectors could have been at a
point during phase of map creation but not in the phase of localization. This
phenomenon has significant impact on the positioning accuracy. The static reflectors
should not have significant impact, e.g. building, parking cars. Terminal antenna
orientation plays important role on the signal gain of receiving signal. The laptops are
not traditionally equipped with omnidirectional antennas. Generally, users do not take
into account orientation of their mobile device during the localization. Therefore it is
interesting to know the influence on positioning accuracy. These results would give us
realistic view on the system performance. The achieved results are analyzed in the
following section.
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4. Experimental Results

This part analyzes experimental results obtained by WifiLOC positioning system based
on IEEE802.11a. The performance of the system is evaluated by basic statistical

characteristics and cumulative distribution function. The obtained positioning results
for all scenarios are shown in Table 1 and Figure 4.

Table 1.Positioning error vs. Scenario

Positioning error Scenario 1 | Scenario 2 | Scenario 3 | Overall
Median error 9.14 12.15 11.00 10.76
Mean error [m] 11.6% 19.37 19.89 16.98
95%p error 2852 42.74 87.98 53.08

Scenario 1 would be denoted as ideal case, since conditions were almost same
during the both phases of the experiment. Amount of movable reflectors was similar
and antenna orientation was same in all measurements. Obtained results in this scenario
are the most accurate. Median error value 1s 9.14 m. Value of 95% error 1s 28.52 m.
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Figure 4.The architecture of the WifiLOC system.

The results obtained during the next scenarios are less accurate in case of median
value. The most significant difference can be seen in extreme values of positioming
error, i.e. 95% error (see Figure 4). 95% positioning error for Scenario2 is
approximately 1.5 and Scenario 3 is three times higher compared with Scenario 1. It is
caused by considerable fluctuation of received signal strength. The fluctuation is
indirectly shaped by different antenna orientation and moving objects in the observed
area. The higher number of moving objects means little more extremely inaccurate
position estimates compare with different antenna orientation.

According to achieved results, it can be concluded that TEEE802.11a 1s suitable for
mobile positioning. The values of positioning error are similar compare with
[EEE802.11b/g based on 2.4 GHz frequency band. It is caused that mobile terminal
was almost always in LoS with monitored APs and signal in 5 GHz frequency band are
not so interfered in the experimental area compared with 2.4 GHz frequency band.
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5. Conclusion and Future Works

We verified a positioning solution WifiLOC based on fingerprinting method and
network based on IEEES02.11a standard. This network is not often used for mobile
positioning. Therefore we try to bring new possible utilization of the network. The
solution uses received signal strength information for position estimation. In the used
ISM frequency band (5 GHz), signal is very sensitive to obstacles and reflectors. On
the other hand, the interference is smaller compare with 2.4GHz ISM band.

The experiments were implemented in three different scenarios. Impact of moving
objects in the area and orientation of the mobile terminal antenna on positioning
accuracy was investigated. According to the obtained results it can be said that these
two factors negatively affects the positioning accuracy.

Future works can be focused on implementation of Rank Based Fingerprinting
algorithm [20] to the WifiLOC and further testing of the developed positioning system.

Acknowledgements

This work has been partially supported by the Slovak VEGA grant agency, Project No.

1/0394/13 and by

Broker centre of air transport for transfer of technology and knowledge into transport and transport

infrastructure ITMS 26220220156"

7 ‘,-‘( ]

& r . "N \,

= <

o || [111 el

7~ Operatny program -
I_VYSKUMaVYvol - »

i B

* 3 w* Furopska unia

Hopmay fone repondineto 1o

We support research activities in Slovakia/Project is co-financed by EU

References

[1] M. Ibrahim and M. Youssef, CellSense: An accurate encrgy-efficient GSM positioning system, IEEE T.
Vehicular Technology6l (2012), 286-296.

[2] M. Mikusova, Sustainable structure for the quality management scheme to support improvement of
accessibility of public transport and public space,Planning support tools: policy analysis,
implementation and evaluation: proceedings of the seventh international conference on informatics and
urban and regional planning INPUT 201 2,pp. 206-219, 2012, ISBN 9788856875973.

[3] C. Wu, Z. Yang, Y. Liu, and W. Xi, WILL:Wireless indoor localization without site survey,Proceedings
of the IEEE International Conference on Computer Communications (INFOCOM'12), Orlando FL, pp.
64-72, 2012, ISBN 978-1-4673-0773-4.

[4] M. Stankus, M. Penhaker, J. Kijonka, andP. Grygarek, Design and application of mobile embedded
systems for home care applications, Proceedings of 2010 Second International Conference on Computer
Engineering and Applications ICCEA 2010, Bali Island, Indonesia, vol.1NJ, pp. 412-416, 2010, ISBN
978-0-7695-3982-9.

[5] M. Behan, andO. Krejear, Modern smart device-based concept of sensoricnetworks.E URASIP Journal on
Wireless Communications and NetworkinglSS (2013), Issue 1, DOIL 10.1186/1687-1499-2013-155,
ISSN 1687-1499.

[6] M. Alzantot, and M. Youssef, UPTIME: Ubiquitous pedestrian tracking using mobile phones,
Proceedings of Wireless Communications and Networking Conference 2012 (WCNC), pp. 3204-3209,
ISBN 978-1-4673-0436-8.



336

F. Brida and J. Machaj / Mobile Fositioning Solution

[7] P. Bahl, and V.N. Padmanabhan, RADAR: An in-building RF-based user location and tracking system,

Proceedings of the IEEE lfocom 2000, vol.2,pp. 775 - 784.

[8] P. Krishnan, A.S. Krishnakumar, J. Wen-Hua, and C. Mallows, A system for LEASE: location estimation

assisted by stationary emitters for indoor RF wireless networks, Proceedings of INFOCOM 2004, vol. 2.
pp. 1181 — 1190, ISBN 0-7803-8355-9.

[9] V. Cipov, L. Dobos, and J. Papaj, Cooperative Trilateration-based Positioning Algorithm for WLAN

[10]

[11]

2]

[13]

[14]

[15]
[16]
[17]

[18]

[19]

[20]

Nodes Using Round Trip Time Estimation, Journal of Electrical and Electronics Engineeringd(2011),
29-34.

L. Klingbeil, M. Romanovas, P. Schneider, M. Traechtler, and Y. Manoli, A Modular and Maobile
System for Indoor Localization, fnternational Conference, Indoor Positioning and Indoor Navigation
2010 (IPIN), pp. 1-10, ISBN 978-1-4244-5862-2.

X. Wang, Z. Wang, and B. O’Dea, A TOA-based location algorithm reducing the errors due to non-
line-of-sight (NLOS) propagationJEEE Transactions on Vehicular Technology52(2003), pp. 112-116.
Y. Haibo, G. Tao, Z. Xiaorui, X. Jingwei, T.Xianping, L. Jian, and J. Ning,FTrack: Infrastructure-free
floor localization via mobile phone sensing Proceedings of the IEEE International Conference on
Pervasive Computing and Communications (PerCom'l2), 2012, pp. 2-10, ISBN 978-1-4673-0256-2.
M. Abdellatif, A. Mtibaa, K. Harras, and M. Youssefy, “GreenLoc: An Energy efficient
WiFilocalization on mobile phones, 2013 IEEE International Conference onfCC 2013 - Selected Areas
in Communications Symposium, pp. 4425 — 4430, ISSN 1550-3607.

S. Sen, B.Radunovic, R.R. Choudhury, and T. Minka, You are facing the Mona Lisa: spot localization
using PHY layer information, Proceedings of the 10th international conference on Mobile systems,
applications, and services 2012, pp. 183-196, ISBN 978-1-4503-1301-8.

C. Takenga, K. Kyamakya, and W. Quan, On the accuracy improvement issues in GSM location
fingerprinting, Vehicular Technology Conference 2006, VTC-2006 Fall, pp. 1-5, ISBN 1-4244-0062-7.
T. Kurner, and A. Meier, Prediction of outdoor and outdoor-to-indoor coverage in urban areas at 1.8
GHz IEEE Jowrnal on selecled areasin communications20 (2002), 496 — 506.

C. Laoudias, R. Piché, and C. G. Panaviotou, Device self-calibration in location systems using signal
strength histograms,Jowrnal of Location Based Services7(2013), Issue 3, 165-181.

C. Nerguizian, C. Despins, and S. Affes, Indoor geolocation with received signal strength
fingerprintingtechnique and neural networks, Telecommunications and Networking - ICT 2004, pp.
866-875, ISBN 978-3-540-27824-5.

L. Tsung-Nan, and L. Po-Chiang, Performance comparison of indoor positioning techniques based on
location fingerprinting in wireless networks, 2005 International Conference on Wireless Networks,
Communications and Mobile Computing, vol. 2, pp. 1569-1574, ISBN 0-7803-9305-8.

J. Machaj, P. Brida, and R. Piché, Rank based fingerprinting algorithmfor indoor positioning, 2071
International Conference on Indoor Positioning and Indoor Navigation (IPIN), pp. 1-6, ISBN 978-1-
4577-1805-2.



	afc4_Stránka_11
	afc4_Stránka_12
	afc4_Stránka_13
	afc4_Stránka_14
	afc4_Stránka_15
	afc4_Stránka_16
	afc4_Stránka_17
	afc4_Stránka_18
	afc4_Stránka_19
	afc4_Stránka_20

