Demonstration Abstract: Crowdsourced Indoor
Localization and Navigation with Anyplace

Lambros Petrou*, George Larkou*, Christos Laoudias’, Demetrios Zeinalipour-Yazti* and Christos G. Panayiotou!
*Department of Computer Science, University of Cyprus, 1678 Nicosia, Cyprus
TKIOS Research Center for Intelligent Systems and Networks, University of Cyprus, 1678 Nicosia, Cyprus

Abstract—In this demonstration paper, we present the Any-
place system that relies on the abundance of sensory data
on smartphones (e.g., WiFi signal strength and inertial mea-
surements) to deliver reliable indoor geolocation information.
QOur system features two highly desirable properties, namely
crowdsourcing and scalability. Anyplace implements a set of
crowdsourcing-supportive mechanisms to handle the enormous
amount of crowdsensed data, filter incorrect user contributions
and exploit WiFi data from heterogeneous mobile devices. More-
over, Anyplace follows a big-data architecture for efficient and
scalable storage and retrieval of localization and mapping data.
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I. INTRODUCTION

Crowdsourcing has recently emerged as a promising so-
lution for collecting the high volume of location-tagged data,
e.g., the WiFi Received Signal Strength (RSS) radiomap of a
multi-storey building, which are required to support indoor
localization systems. In this context, volunteers engage in
participatory sensing campaigns to collect location-dependent
RSS samples from the surrounding WiFi Access Points (AP)
that they later contribute to the system. This is an attractive
approach, because it splits the cumbersome and time consum-
ing data collection task among the crowd. At the same time,
however, it raises new challenges such as filtering incorrect
contributions (trustworthiness), managing the radiomap size
and fusing data from heterogeneous mobile devices that report
the RSS measurements very differently.

Several systems leverage crowdsourcing for creating and
updating the RSS radiomap, including Redpin [1], our award-
winning Airplace platform [2] and others. However, these
systems do not consider diverse devices. The WiFiSLAM appli-
cation [3] and the Molé system [4] allow the user to carry any
device during localization. Still, they require a homogeneous
radiomap, i.e., collected with a single device or by contributors
carrying the same devices, thus they cannot exploit the full
benefit of crowdsourcing. Other systems, such as Elekspot [5]
and FreeLoc [6], support different devices both for creating
the radiomap and localizing, however they do not cope with
the radiomap size and data quality issues.

We address the above challenges with efficient mechanisms
at the server side. Regarding scalability issues, our system
operates on top of a big-data management back-end service,
with a Google Maps user interface. Anyplace' will allow
entities (users, companies, organizations, etc.) to realize indoor
information management systems, including point of interest

'The Anyplace system, https:/anyplace.cs.ucy.ac.cy/
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Fig. 1. The Anyplace system architecture.

(POI) navigation, on top of existing wireless networks by
leveraging rich multi-sensory data available on smartphones.

II. ANYPLACE SYSTEM ARCHITECTURE

Our platform consists of four components, including the
Server, the Architect and two client applications running on
Android smartphones, namely the Logger and the Navigator.
The Anyplace system architecture is shown in Fig. 1.

A. Anyplace Server & API

The Server follows a big-data architecture and provides
a Web 2.0 API using JSON objects for Mapping, Navigation
and Localization. It stores buildings, floorplan maps, and POIs
information, while it uses Couchbase as its back-end database
for scalability and fast metadata retrieval. Moreover, the Server
delivers indoor navigation directions to the user upon request.

In addition, the Server features several modules to assist
the crowdsourcing functionality. Importantly, the differential
RSS module outputs RSS differences, instead of absolute RSS
values, for fusing the data contributed from diverse devices
into a single usable radiomap [7]. To keep the size of the
radiomap low, the spatial aggregation module spans a grid over
the area with predefined resolution (e.g., 2 X 2 meters) and
aggregates all the uploaded RSS values from the same WiFi
AP that fall within the same grid cell. In addition, the outlier
filtering module checks the validity of the contributed RSS data
by comparing the MAC addresses of the APs at the presumed
user location against the relevant data in the radiomap.
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Fig. 2. The Anyplace Architect mapping tool and floor editor.

B. Anyplace Architect

The Architect website offers a feature-rich, user-friendly
and account-based interface for placing the blueprint of a
building on top of Google Maps with multi-floor support. In
particular, within the Architect floor editor the user is able
to upload, scale and rotate the desired blueprints to fit them
properly, as shown in Fig. 2. The user can later add, annotate
and geo-tag POIs inside the building and connect them to
indicate feasible paths for enabling the delivery of navigation
directions. The Architect also offers a Viewer mode to provide
read-only access to building, floorplan and POI information.

C. Anyplace Logger

The Logger application enables users to record RSS read-
ings from nearby WiFi APs and upload them to our Server
through the API. In this fashion, volunteers are contributing
RSS data for crowdsourcing the radiomap. Contributors can
select the desired building and floor, as well as modify the
number of samples to be recorded and other settings, through
the preferences screen. Subsequently, the users indicate their
current location by clicking on the map and then click the
on-screen buttons to initiate and end the logging process.

D. Anyplace Navigator

The Navigator allows users to see their current location on
top of the floorplan map and navigate between POIs inside the
building. The onboard smartphone sensors (i.e., accelerometer,
gyroscope and digital compass) are seamlessly integrated in
our tracking module to smooth the WiFi locations and enhance
the navigation experience. When the Navigator is launched,
the building map and the associated POIs are automatically
loaded by using the rough user location provided by the Google
Geolocation API (Fig. 3, left). Then, the application downloads
the RSS radiomap of the relevant floor and displays the user
location on top of the map, using a WiFi localization algorithm
developed in-house, while the user can click on nearby POIs
to get more information (Fig. 3, middle). Moreover, users may
search for POIs and get navigation directions from their current
location to the desired POI (Fig. 3, right).

III. DEMONSTRATION EXPERIENCE

Our system has low setup time because it will rely on the
WiFi infrastructure available at the conference venue. If neces-

T lCE T 10:38pum TR 10:42pm

&
@ anyPlace

R
< @.\ AL

N\

]
(@ anyPlace

201 (Postgraduate studies Laborato
- EpYQoTAPLO HETANTUXIAKWY
onoudv )

Google

Fig. 3. Screenshots of the Anyplace Navigator application.

sary, our team can quickly deploy additional smartphone APs
to provide adequate WiFi coverage. Thus, only the floorplan
digital map of the demo site is required.

We will demonstrate the real-time localization capabili-
ties of Anyplace by allowing attendees to carry an Android
smartphone running the Navigator software and viewing their
travelled path, while walking around the demo area. At the
same time the participants will be able to appreciate the
potential of indoor location-oriented services by carrying out
POI search and navigation.

They will also have the opportunity to interact with the
Architect website in order to add and annotate indoor spaces
in a straightforward way or simply explore other annotated
buildings that are publicly available through the Viewer mode.
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