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Abstract — This paper outlines the basic principles of Navigine cross-platform indoor navigation technology that enable mobile developers to create a wide range of indoor location based services (LBS) or easily embed positioning and assets tracking functionality into the existing mobile applications. Technology is based on a sensor fusion approach that effectively combines measurements of a various smartphone sensors delivering accurate positional information in a real-time mode. Human’s relative displacements are estimated utilizing readings of inertial measurement unit (IMU) aided with fingerprinting-based algorithms which allow to determine user’s initial position and overcome the accumulation of errors. Digital plan of a building is also used to refine a user’s trajectory by applying map matching technique. The solution is currently deployed in more than 30 locations including airports, shopping malls, office spaces etc. The average localization accuracy varies from 1 to 3 meters.
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I. Introduction
Indoor positioning systems can be used in various premises like hospitals, warehouses, malls, and other ones, where the GLONASS/GPS signals are not available. Different studies state [1] that about 90% of the time people spend indoors, that’s why development of robust and accurate indoor navigation system became so crucial task. It’s also worth noting that smartphones have become an integral part of people’s daily life and measurements of their sensors and Wi-Fi/Bluetooth telecommunication modules can be exploited to the solution of this problem. 
Due to the prevalence of Wi-Fi and Bluetooth technologies, a sufficient number of different access points (AP) could be simultaneously available indoors, allowing to build a radio map of received signal strength (RSS) with the required accuracy. After that navigation solution is calculated by comparing the RSSI of the received signals with the radio map prepared beforehand. In case of insufficient number of Wi-Fi access points Bluetooth Low Energy (BLE) beacons can be additionally deployed. To reduce the influence of radio signal fluctuations on the positioning accuracy, one can use aiding information based on proposed motion dynamics, for example, travelled distance, direction of motion, stops, detection of the steps and evaluation of their length. Solution of the posed task is realized through comprehensive integration of person's dynamic, RSS or geomagnetic data and building’s floor plan in a Particle Filter. 

Utilizing fingerprinting-based algorithms in the navigation system leads to the need of training stage, that must be performed one single time, and during which radio and geomagnetic maps are measured. In order to simplify training stage and demonstrate capabilities of indoor navigation system special mobile application was developed (fig.1). It operates in two modes: Measuring mode and Navigation mode. In navigation mode app shows user’s position either on the local floor plan or on global mapping service.
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Navigation system can also operate on Windows Phone and iOs operation systems. These systems require deployment of BLE Beacons due to software restrictions, specifically inability of sampling Wi-Fi RSS data.
Fig. 1.  Application screenshot
II. Technology
On of the key components of Navigine indoor navigation technology is the Particle Filter which allows to combine different information sources.
The first one is Pedestrian Dead Reckoning System (PDR) that employs filtering techniques and gains information about human motion dynamic: detection of motion patterns and step moments, evaluation of a stride length and direction by processing IMU and magnetometer readings. All these data are utilized on prediction stage of Particle Filter, which evaluate user’s relative position according to the step length and a previously known location.
Fig. 2.  GP radiomap prediction

The second source is information, delivered by fingerprinting algorithm, which is based on the fact that each building has its unique radio and geomagnetic map. These maps are measured on a training stage. The main drawback of these maps is their discreteness due to discrete positions of measuring points or so-called Reference Points (RPs). In order to compose a continuous data map (fig.2) and predict signals in areas, where there are no measurements, Gaussian Processes (GP) [2] are used. These maps are utilized on a correction stage to refine the user’s position by comparing last RSS/geomagnetic measurements with the pre-generated GP maps. Gaussian Processes is an extremely powerful tool especially when it's used in cooperation with a PF.
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The third source is a digital plan of the building that enables to perform map matching techniques. As while people move they can’t cross the walls and other obstacles, these data can be used to correct the user’s trajectory by evaluating the most likely one. 
Once all these data sources are combined together navigation algorithm estimates user’s best possible position that is finally displayed on the local map in mobile app.
III. Requirements
For correct operation of the described system azimuth angle, magnetic declination, digital plan, and corresponding building sizes are required. In order to easily manage all location parameters, special web platform was developed [3], where any user can readily create the location and adjust its parameters. Android/iOs/Windows Phone mobile applications are automatically synchronized with the web-platform.
In order to correctly estimate user’s position, system specification requires at least 3 visible access points. The more visible APs the better positioning accuracy is achievable. In a case of absence of visible Wi-Fi APs low-cost BLE beacons can be deployed.  Radio map measuring stage (training) stage must be performed one single time. No other special requirements are necessary. The average localization accuracy varies from 1 to 3 meters.
References

[1] Klepeis NE, Nelson WC, Ott WR et al. (2001) The National Human Activity Pattern Survey (NHAPS): A Resource for Assessing Exposure to Environmental Pollutants. Journal of Exposure Analysis and Environmental Epidemiology. 11(3):231-252. 

[2] A. Smirnov, A Panyov, A. Golovan, V. Kosyanchuk, Efficient Localization Using Different Mean Offset Models in Gaussian Processes. International Conference on Indoor Positioning and Indoor Navigation (IPIN),  Oct. 2014.

[3] Navigine Web Platform,  http://client.navigine.com/login
�





�











