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Abstract—In this demonstration paper, we present an indoor Sensor Networks (WSN) and Wireless Local Area Networks
positioning system developed for Android smartphones, coed (WLAN); see P] and references therein for an overview of

Airplace. To infer the unknown user location we rely on ositioning technologies and commercial svstems
ubiquitous WLANSs and exploit Received Signal Strength (RS5 i Most 0? these teghnolo ies can deIive)r/ a high level of
values from neighboring Access Points (AP) that are constdly 9 9

monitored by the mobile devices under normal operation. Our POsitioning accuracy, however they usually require the de-
system follows a mobile-based network-assisted architage to ployment and calibration of expensive equipment, such as
eliminate the communication overhead and respect user pracy. custom transmitters and antennas, which are dedicated-to po
In a typical scenario, when a user walks inside a building a sitioning. This is time consuming and implies high insttidia

smartphone client conducts a single communication with our . S . .
Distribution Server to receive the RSS radiomap and is then costs, while the user needs to carry specialized equipment i

able to position itself independently using the observed RS order to perform positioning. Therefore, several positign
values. Moreover, we have implemented an Android applicatin ~ systems rely on WLANs owing to the wide availability of

to facilitate the collection of RSS values by users that may existing infrastructure, i.e., WLAN Access Points (AP)ath
contribute their data to our system for constructing and updating provide ubiquitous coverage inside buildings. Locatiom ca

the radiomap through crowdsourcingt. be inf d at | | (i th itioni ..
We will demonstrate the real-time positioning capabilities e inferred at a room level (i.e., the positioning error is in

of the system during the conference by allowing attendees to the order of 2-4m) by exploiting Received Signal Strength
carry an Android tablet in order to view their position on (RSS) values extracted through passive scanning of theoheac

a floorplan map, while walking around inside the demo area packets transmitted by neighboring APs as part of the standa
(interactive scenario). Moreover, we will illustrate how to evaluate network functionality. Thus, commercial mobile devices;ls

the performance of different positioning algorithms usingprofiled -
data in a trace-driven scenario. Our objective is to highligit the &5 smartphones and tablets, can be used without any hardware

effectiveness and applicability of our system and at the saentime ~ modifications because they are usually equipped with WLAN
the participants will be able to appreciate the potential ofindoor adapters for wireless connectivity and only a software aigen
h ici ill be abl iate th ial ofind dapters f | tivity and only ft ag
location-oriented services and applications. is needed for monitoring the RSS values.

l. INTRODUCTION . To address the ch_allenging signal propagation.conditions
) . indoors, due to multipath, reflections and diffractions, SRS
) Acgor_dlng to rece_nt statistics _peoplt_a spend 8(_)'90% of th‘j’i'r':ugerprints (i.e., vectors of RSS measurements recoraed fr
time in indoors environments, including shopping malls, IIAPs in the vicinity of the user) have been studied extengivel
braries, awpcgrts or university campuses, while 70% ofut@ll . e jiterature; seed] for a detailed survey on fingerprint-
calls and 80% of data connections originate from indodfs [ based algorithms and systems. This approach has two phases;

This gas triggered an mcrgalsmg.mterest n md:?or Locatio;, the setup phase a number of RSS fingerprints are collected
Based Services (LBS) and location-aware applications, €4 priori at some predefined reference locations using a com-

in-building guidar_me and ”a"‘ga“"”v _asset tracking, rtjde mercial device. Each RSS fingerprint is associated with the
support for Ambient and Assisted Living (AAL), etc. Torespective reference location and is stored in the so called

enable such applications and facilitate their wide accema radiomap that covers the whole area of interest. Essentiaé
alternat_ive solutior_ls are r_equired for the provisiqn ofuiatp radiomap is a mapping from the multi-dimensional RSS space
a}nd_ reliable Iocatlon_ estimates becausg s_gtelhte-based Pto the physical coordinatés:, y). Later during the positioning
_tlor_nng, €.9., GPS, is unavailable or &gmﬁcantly_degrhd&ase the currently observed RSS fingerprint is used to fand th
|n5|(_1l_e b_”"d”_‘gs due tf) the bloc_kage or attenuation of t st match from the reference fingerprints in the radiomalp an
positioning signals. This has motivated research overdse ly,q \nnown user location can be determined as the location
15 years and has led to the development of several posioni. .o ~iated with the best matching fingerprint.

systems that rely on a variety of technologies, including gep though there are some fingerprint-based positioning
infrared, Bluetooth, Radio-frequency identification (R systems in the literature, including tHelace Lab[4], the

Ultra-wideband (UWB), video cameras, ultrasound, Wimle??edpin[S] or the Molé [6] systems, the increasing market

1Screenshots, a video demonstration and a video tutoriahefAirplace of Android devices has recelyed_llm!ted .attentlon as a de-
system are available atttp://iwww2.ucy.ac.cytlaoudias/pages/platform.html velopment platform. Our contribution is Airplace, an end-t


http://www2.ucy.ac.cy/~laoudias/pages/platform.html
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Fig. 1. The Airplace Positioning System Architecture. Fig. 2. Screenshots of the Airplad®SS Loggeprototype application.

end mobile positioning platform developed on Android smartn specific locations at predefined intervals. These samples
phones that facilitates the construction of the radiomagh anontain the MAC addresses and RSS levels (in dBm) of all
features real-time positioning, while offering the adufial neighboring WLAN APs, as well as the coordinates of the
option to assess the performance of different fingerprasted location where the user initiated the recording. The siprt-
algorithms with respect to the positioning time, accuraeyg a screen with the basic functionality of starting/stoppire t
power consumptioh In this demonstration paper we start ouscan process and setting the preferences (e.g., the flaorpla
by presenting the system architecture and providing thaildet map, the log filename, etc.) is shown in F@.(left). First,
for the components in our platform. Then, we describe tlibe user defines the number of samples to be collected at each
demonstration settings including the equipment, as wethas location (Fig.2, middle) and then moves to the desired location
interactive and trace-driven scenarios that we will follosv while setting the ground truth in local coordinates y) by
present our system to the conference attendees. clicking on the map (with zooming capabilities). Finallet
user records the data, as shown in RAdright). In this way
Il. AIRPLACE POSITIONING SYSTEM ARCHITECTURE  the collected fingerprints are associated with the corredipg

The prototype system is developed on Android smartphor@%ﬁicm locations and the RSS radiomap reflects the indoor
and follows a mobile-based network-assisted architectufévironment.
which has two highly desirable properties. First, the com- The collected data are stored locally in log files and users
munication overhead is kept low and network congestion, N contribute their data to our system for building and
case of continuous positioning requests by multiple users,updating the radiomap through crowdsourcing. Specifically
avoided because the observed RSS fingerprint is not uploadf2® users can set the IP address and port number of our
to the network side (i.e., Positioning Server) for estimgti Distribution Servein order to upload the desired log file using
location, as in the case of a network-based mobile-assisfeéEXt protocol. In the future we plan to automate this preces
architecture. Second, security concerns are addresseasand Py allowing users to provide their log files anonymously
privacy is respected because the location is estimated dy Y¥henever a data connection is available.
user. A typical positioning_scenario comprises th_ree st@)oa B. Find Me Application
user enters an indoor environment, such as a university gamp T S _ ,
or a shopping mall, covered by several WLAN APs, (ii) the Our positioning application is a client that runs on Android

user's smartphone obtains the RSS radiomap and paramep§i@rtPhones and connects to the server in order to download
from the local distribution server in a single communicatiot "€ radiomap and algorithm-specific parameters, thus emgabl
round and (iii) the client positions itself independenting the user to self-locgte |_nde!oendently_ther_eafter. Theafate

only local knowledge, i.e., the downloaded radiomap afyf the Find Me application is shovyn in Fig3 (left), Wherg

the currently observed RSS fingerprint, and more imporyanfpe user can s_et the preferences (i.e., floorplan map, raghom
without revealing its personal state. download settings, etc.) and select any of the availablé pos

The Airplace system architecture is illustrated in Figand tioning alg_orithms from theAIgorit_hms co_nfiguration pan_el.
| We have implemented several fingerprint-based algorithms,

consists of thdRSS LoggeandFind Me applications, as well | ; T .
as theDistribution Serverthat are detailed below. including the deterministick-Nearest Neighbor (KNNjand
Weighted K-Nearest Neighbor (WKNMJgorithms B], [9],

A. RSS Logger Application as well as the probabilistiddaximum A Posteriori (MAP
nd Minimum Mean Square Error (MMSE)Igorithms [LQ],
flsl]. Our platform additionally supports two state-of-the-
art algorithms developed in-house, namely fRadial Basis
2An early version of our Airplace system was recently demaied inside Function (RBF)networks L2 and theSubtract on Negative

a conference venud], Add on Positive (SNAHL3] approaches.

The RSS Loggetis an application developed around th
Android RSS API for scanning and recording data sampl
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Fig. 3. Screenshots of the Airpla¢énd Me prototype application Fig. 4. The AirplaceDistribution Serverlistening for connections.

Our positioning application supports dual operation mode the respective MAC address. With this preprocessing (i.e
for the provision of real-time positioning informatio@(line averaging) we alleviate the effect of noise (i.e., RSS \alue
Modé and the evaluation of different algorithms using prerdluctuate over time even at the same location and do not usu-
corded test fingerprintsQffline Modg. In the Online Mode ally follow well known distributions) and outlier values.¢e
after downloading the radiomap and selecting an algoritherroneous RSS measurements due to transient behavior of the
the user can perform an one-time positioning by pressing thd_AN card). Moreover, with averaging the RSS radiomap is
Find Me Indoorbutton and the estimated location is plotte@ffectively compressed, thus reducing the user perceietyd
on the floorplan map. Alternatively, thErack Mebutton can for the system start-up (i.e., delay for receiving the ratip)
be switched on to initiate continuous positioning requésts and decreasing the location estimation time. For instaimce,
tracking the user while walking inside the building. In thisour 560n? experimental setup at KIOS Research Center with
case, the current location estimate (green circle) is woda® WLAN APs we collected 40 fingerprints per location at
approximately every one second, while the past locatioas d05 distinct reference locations. After preprocessingétaata
shown as red dots; see Fig.(middle). with our server the size of the radiomap is around 32KB and

In the Offline Mode we offer the option to simulate a largetakes only few seconds to download.
number of successive positioning requests (i.e., a file with Another interesting feature in our server implementat®n i
several RSS fingerprints collected at different locaticans lse a methodology for fine tuning algorithm-specific parameters
stored on the flash media, as opposed to be collected in reat example, selecting an appropriate value forin the
time). This mode, shown in see Fig.(right), is rather useful KNN method is not trivial and may considerably affect the
for loading test fingerprints collected a priori (e.g., aa@@pe performance of the algorithm. We handle this issue by first
RSS log file collected with th®SS Loggeapplication inside using theRSS Loggeto collect additional RSS samples for
the area of interest) in order to assess the performancevafidation. Then, the KNN algorithm runs on the server side
different algorithms in terms of the following criteria: with different values ofX” and the appropriate value is selected

« Execution Time: Measure the average time required i order to minimize the mean positioning error pertainiag t

practice to perform positioning on smartphones. the validation data. A similar approach is followed for dH a

« Positioning Accuracy: Display the average positioninggorithms in our algorithm bank. In this fashion, our servestfi

error pertaining to the test fingerprints. builds the RSS radiomap and then selects appropriate values

« Power Consumption: Investigate the battery depletionfor the parameters storing them in a separate configuration

by using the PowerTutor utilityl[4] to measure the actual file which is also distributed with the associated radiomap.
power consumption on smartphones during positioningNote that in a deployed version of our Airplace system this
fine tuning process could also be used to define the optimal

C. Distribution Server algorithm for a specific environment, so that the best opison

Our server is mainly responsible for the construction arsklected automatically in theéind Me positioning application
distribution of the RSS radiomap by listening for connea$io without any user intervention.
from clients that either contribute the collected RSS data
or request the radiomap and algorithm parameters to start )
positioning; see Figd. To create the radiomap file the servef- Equipment
parses all available RSS log files, which may be contributedFor the demonstration of our indoor positioning platform at
by several users, and calculates the mean RSS value per MAE conference venue we will use a Motorola Xoom tablet,
address by averaging over all samples collected at eadhalistwith a 10.1" screen (i.e., much larger than a typical 3.7 -
location. Finally, all averaged values are merged and dtoré.3" smartphone to facilitate presentation), an Nvidiardeg
in a single radiomap file so that each line corresponds 20T20 processor (1.0GHz) with 1GB of RAM running An-
the mean RSS values at a specific location and each coludinid 3.1 Honeycomb. Our Xoom tablet is equipped with

Ill. DEMONSTRATION SETTINGS



multiple wireless communication modules for voice and dafxace-driven: In this scenario we will demonstrate how
connections, featuring Quadband GSM/GPRS/EDGE as welir Airplace system can be utilized to evaluate different
as Bluetooth 2.0, however the tablet clients will rely offingerprint-based positioning algorithms under the sanme co
its built-in 802.11b/g WLAN transceiver to connect to thalitions in terms of execution time, positioning accuracyl an
Distribution Server either for uploading the collected finger-power consumption. Our team will have collected additional
prints through théRSS Loggeapplication or downloading the test fingerprints inside the demo area that will be employed
radiomap and the related algorithm parameters through thethe Find Me application running inOffline Mode The
Find Me application. TheDistribution Serverwill be running attendees will have the opportunity to see and compare the
on a linux-based workstation and the clients will be ablgerformance of different algorithms in the demo area, while
to connect to it though the WLAN hotspots installed in theur team provides the details and explains the trade-dtae
conference venue. Alternatively, if no wireless connétiis to each algorithm. Our goals in this scenario are twofoldegi
available during the demonstration, the RSS fingerprinis cthe participants a better understanding of how WLAN RSS
by manually copied from the smartphone’s sdcard to the faptbngerprint-based positioning works in practice and iltatt
running the server through the USB cable in order to create thow to use our system to get an early idea of what is the
radiomap and parameter files and then copy these files baxjpected positioning error in the area of interest, in otder
to the smartphone so that positioning can be carried out. decide whether more WLAN APs should be installed or more
To make the demo more appealing for the participants,dgnse fingerprints should be collected for the radiomap.

floorplan map of the demo area in .jpg format will be requir
for facilitating the collection of the data for the radiomaipd
displaying the location estimates during positioning. W& w
exploit the available WLAN infrastructure of the conferenc
venue, as well as neighboring WLAN APs installed in other REFERENCES
b!"'dings in n_ear_ViCinity' N(_)te that for pOSitiqning Wit"n&_ 1] Source: Strategy Analytics http://www.strategyatiaty.com.
Find Me application no active data connection is requwe({z] Y. Gu, A. Lo, and I. Niemegeers, “A survey of indoor positing
because the client only passively scans the neighboring /LA systems for wireless personal network&EE Communications Surveys
APs to get the required RSS values. In case there is a limitg ﬁ.Tﬁjgr'gafér\é‘?":Alaxg?]‘o#ypfdr1rgaf)zl’oigggﬁ fingerpiimg.” in LoCA
number of APs detected we will deploy a couple of HTC ~ 2007, pp. 139-156.
Desire smartphones that we own, using the readily availablél A-LaMarca, Y. Chawathe, S. Consolvo, J. Hightower, I.imJ. Scott,
Portable WiFi functionality, to improve coverage and defly § SCfs - Hotard, J, nghes, . Bater . Tabert, P Posed
a satisfactory level of positioning accuracy; this prazticas beacons in the wild,” pp. 116-133, 2005.
tested successfully in previous demonstratiafisifinally, we  [5] P. Bolliger, “Redpin - adaptive, zero-configuration @ut localization
might also use a projector along with a display export il [youd" et colaboraton; st AC niemational warstop or
to present the interactions on a smartphone directly on b wal  (MELT), 2008, pp. 55-60.

[6] J. Ledlie, J.-g. Park, D. Curtis, A. Cavalcante, and Lnfaaa, “Molé:

A scalable, user-generated WiFi positioning engine,’Irternational
B. Demonstration Scenarios Conference on Indoor Positioning and Indoor NavigationI{p, 2011,
. 1-10.

Interactive: First, we will hand out the Android tablet to [7] ?IF-J Laoudias, G. Constantinou, M. Constantinides, S. oMiou,

selected participants and ask them to collect a few RSS D: Zeinalipour-Yazti, and C. G. Panayiotou, "A platform ftire eval-
uation of fingerprint positioning algorithms on android stphones —

samples ins_ide the Conference venue and Comrib.Ute. them 10 gemos,” ininternational Conference on Indoor Positioning and Indoor
the system in order to experience tR8S Loggeapplication. Navigation (IPIN) 2011.

; ] P. Bahl and V. Padmanabhan, “RADAR: an in-building R5&@ user
Note that our team will have collected adequate sampléﬁ location and tracking system” #EEE INFOCOM 2000, pp. 775-784.

before the demo, covering the whole demo area, to guarant@g g. i, J. Salter, A. Dempster, and C. Rizos, “Indoor pisitng tech-
good performance. Next, the participants may start pasitgp niques based on wireless LAN,” ist IEEE International Conference

themselves with th&ind Me application in theOnline Mode on Wireless Broadband and Ultra Wideband Communicafi@e96, pp.
13-16.

of operation using the currently observed RSS fingerprifio; m. Youssef and A. Agrawala, “The Horus WLAN location denination
The participants will be able to view their current estinthte  system,” inACM MobiSys 2005, pp. 205-218.

e ; ] T. Roos, P. Myllymaki, H. Tirri, P. Misikangas, and J.e@anen, “A
position on the roorpIan map of the venue by pressing t[ﬁjel probabilistic approach to WLAN user location estimatiomfernational

Find Me Indoor button and compare it with their actual Journal of Wireless Information Networksol. 9, no. 3, pp. 155-164,
location. Alternatively, they may switch thErack Mebutton Jul. 2002.

; ; ; ] C. Laoudias, P. Kemppi, and C. G. Panayiotou, “Locdimausing ra-
on and start Walkmg around in the demo area in order &? dial basis function networks and signal strength fingetprin WLAN,”

compare their estimated trajectory (i.e., successivetipasi in IEEE GLOBECOM 2009, pp. 1-6.
estimates displayed as red dots on the floorplan map) witd] C. Laoudias, M. Michaelides, and C. Panayiotou, “Fatdterant

e i ; ; F fingerprint-based positioning,” INEEE International Conference on
the traveled path. In this interactive scenario, our object Communications (ICC)2011. pp. 1-5.

is to demonstrate th? efficiency Of. our indoor positionin@4] pPowerTutor: A Power Monitor for Android-Based MobildaForms
platform both for setting up and using the system, as well http:/powertutor.org/.

as the effectiveness of the underlying positioning algoni.
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