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[bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK137][bookmark: OLE_LINK138][bookmark: OLE_LINK134][bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK31]Most of indoor localization solutions currently rely on uncommonly technologies such as ultra wide band (UWB), LED lights, ultrasonic. However, in these solutions the hardware modification was required. In this work, we developed a low-cost indoor localization system which relies on WiFi signals and smartphone sensors. Specifically, a practical and accurate smartphone localization solution is presented, and it has some excellent characteristics: high accuracy; no requirement of additional hardware components on the receiver side; using the existing infrastructure.
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[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK199][bookmark: OLE_LINK200][bookmark: OLE_LINK158] 1.   INTRODUCTION
[bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK205][bookmark: OLE_LINK206][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK69][bookmark: OLE_LINK70]Satellite based localization systems (such as GPS, GLONASS, BeiDou) cannot be used indoor and in underground environments. Hence, a lot of attention is focused on indoor localization in recent years. As a result a number of technologies and solutions were developed, such as ultra wide band (UWB), LED lights, ultrasound, to name a few. However, these solutions require deploying special infrastructure, which impedes immediate viability.
[bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK147][bookmark: OLE_LINK148]In this work, we propose a real-time localization system for both static and mobile scenarios with commodity off-the-shelf (COTS) smartphones. The proposed system is named as MagLoc which can be used to localize smartphones with no-additional hardware.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2.   SYSTEM  DESIGN
[bookmark: OLE_LINK220][bookmark: OLE_LINK221][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK211][bookmark: OLE_LINK212][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK128][bookmark: OLE_LINK129]The MagLoc indoor localization system combines geomagnetic matching, INS, altitude measurement, WiFi fingerprint and particle filer together, as shown in Fig.1.


Figure 1: Localization system diagram
[bookmark: OLE_LINK1][bookmark: OLE_LINK213][bookmark: OLE_LINK214][bookmark: OLE_LINK162][bookmark: OLE_LINK163]Our system is divided into two phases: the training phase and the online localization phase. 
[bookmark: OLE_LINK164][bookmark: OLE_LINK165][bookmark: OLE_LINK215][bookmark: OLE_LINK216]2.1 Training Phase
[bookmark: OLE_LINK68][bookmark: OLE_LINK82][bookmark: OLE_LINK85][bookmark: OLE_LINK97][bookmark: OLE_LINK67][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK116][bookmark: OLE_LINK121][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK149][bookmark: OLE_LINK150]The training phase is used to construct two kinds of fingerprint maps. Measurements of the geomagnetic field and received signal strength indicator (RSSI) or channel state information (CSI, which is fine-grained information and may enhance accuracy of location significantly) are collected to respectively generate the geomagnetic fingerprint and the WiFi (RSSI/CSI) fingerprint using the map information. The WiFi fingerprint is exploited to estimate target initial or coarse location. Three elements will be recorded in the geomagnetic fingerprint map: magnetism magnitude, orientation offset and map information. 
In the indoor environment, magnetic signal is various. Although 3 axis changes when the smartphone is on different posture and placement, the combination of them remains stable. So we choose  as the magnetic feature of fingerprinting from raw data.
2.2 Localization Phase
[bookmark: OLE_LINK166][bookmark: OLE_LINK167][bookmark: OLE_LINK43][bookmark: OLE_LINK62]In the localization phase, the fingerprints are exploited to estimate the position of smartphones together with measurements of sensors.
a) [bookmark: OLE_LINK176][bookmark: OLE_LINK177]Geomagnetic matching
[bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK209][bookmark: OLE_LINK210]The geomagnetic fingerprints matching is a time series matching problem, which can be utilized to obtain accurate location estimate. As the sampling rate might be different and the speed of device movement might be different as well, time series may be “warped” non-linearly by stretching or shrinking it along its time axis. Based on the fact that Dynamic Time Warping (DTW) algorithm can find the optimal alignment between two time series, the DTW is used to evaluate the geomagnetic time series similarity to update the weight of particles for each step and calibrate the target position with geomagnetic trajectory matching result in our system.
b) Particle filter
[bookmark: OLE_LINK178][bookmark: OLE_LINK179][bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK152][bookmark: OLE_LINK153][bookmark: OLE_LINK154][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK180][bookmark: OLE_LINK181]Particle filter algorithm integrates information from the INS module, barometer, WiFi matcher and geomagnetic matcher, to estimate the posterior distribution of the target position. The state of each particle consists of two pixel coordinates x and y on the map, accuracy estimated, a direction d, a step length l, history state of each step, and history of magnetic data. Those altogether contribute to the final result.
[bookmark: OLE_LINK168]On the initialization stage, particles are distributed according to the result with WiFi matcher. After that, once a step is detected, the states of particles are updated with the newly collected data. On the prediction stage, all particles move according to the move model. And weights update relies on the observation model, which will make full use of collected signal data. Then follows a resampling step, where particles with higher weight are split and those who bump the wall are killed. Finally the update phase is proceeded normalizing the weight of all particles according to the measurement model, and the final position estimation result is packed and delivered.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK159][bookmark: OLE_LINK160][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK131][bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK117][bookmark: OLE_LINK118]MagLoc system consists of existing Wi-Fi devices and a tag node. Figure 2 shows the system deployment.


Figure 2: Example deployment of our system.
[bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK161][bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK28][bookmark: OLE_LINK106][bookmark: OLE_LINK107]The tag node can be a common portable device, such as laptop, smartphone. MagLoc system runs locally on a smartphone, shown in Fig.3. The proposed system is a low-cost scheme without requiring any additional hardware.
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