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ABSTRACT
In this contest, we present a smartphone-based indoor positioning system by fusing pedestrian dead reckoning and proximity beacon technologies. The former is used to measure the relative position change caused by user’s walking locomotion and the latter is used to measure the absolute position based on the distance calculation from the beacon.
Our presented system needs two kinds of apparatus such as smartphones and beacons to provide two-dimensional position information.
· The smartphones, being carried by each user, are pre-installed with our original application both to determine user’s current position based on the above-mentioned technologies and to display user’s trajectory on the indoor map.
· The beacons, being fixed at several pre-defined points, are constantly advertising BLE or acoustic packets for sending their unique identifiers that are related to each ground truth position.
Before the submission of this paper, we tested the same system in a certain underground walkway and confirmed that the accuracy was sufficient to navigate users to their destinations.
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1. SYSTEM OVERVIEW
As is mentioned above, our system needs smartphones and beacons as hardware. Each smartphone must have a BLE module, a microphone module and a motion sensor module that combines accelerometer, gyroscope and magnetometer, respectively. For this reason, we will choose Nexus5 as an example in this contest.
In addition to that, each smartphone requires several kinds of files such as the application file, the indoor map file that is composed of the floor plan and the passable/non-passable segments, the database file that stores both the identifiers and the ground truth positions of each beacon, respectively
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Figure1: The main components of the system 
Our application executes three processes to determine user’s current position. The first thing is to recognize user’s walking locomotion. It is well-known that the waveforms of data series obtained by the motion sensor module have specific patterns derived from user’s walking cycle [1]. Our application observes these data series to detect the above-mentioned patterns based on their shapes such as amplitude, gradient, time-period and so on. And if the presence of them are confirmed, our application estimates a relative change of user’s position.
The second thing is to update the current position. Our application also observes RSSI values of advertise packets coming from each beacon and calculate the newest position absolutely by using only the obtained RSSI values higher than a threshold. In case that they are all lower (that is to say, all the beacons are far from a user), the newest position is calculated by the amount of relative position changes from the last absolute one.
The third thing is to correct the current position. In the internal memory, our application overlay the updated current position on the indoor map. And if it is found to be inside of the non-passable area, it is moved to the near end of the passable area according to the travelled distance from the previous position. Thus, our application determines user’s current position continuously.
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TECHNICAL FEATURES:
We have put the most time and effort into developing an algorithm of pedestrian dead reckoning (it is written as “the first thing” in the section 1) which features the flexibility of carrying the smartphone.
Typical algorithms [2] are design to work with the motion sensor module which is attached to a particular part of user’s body. On the other hand, the user operates his/her smartphones in various poses such as texting, phoning, taking photos and so on. Therefore, if one of the typical algorithms works in the smartphone, the accuracy of indoor positioning drops significantly when the user changes poses. 
Our original algorithm consists of four key functions such as the coordinate system conversion, the recognition of walking locomotion, the calculation of walking velocity and the smoothing of trajectory, respectively. And they are executed in-order about ten times per second 
2.1 The coordinate system conversion
Since the data series obtained by the motion sensor module depend on the smartphone’s coordinate system, each data is converted to another data in the earth’s coordinate system with the composite rotation matrix. Each value of the matrix is decided according to the orientation of the smartphone which is tracked with the motion sensor.
2.2 The recognition of walking locomotion
The waveforms of the converted data series have specific patterns when the user is walking. In the experimental environment, we have collected various patterns with a machine learning method and registered them into our algorithm. If these patterns are detected in the waveforms, our algorithm executes two more functions below.
2.3 The calculation of walking velocity
The walking acceleration of the user can be calculated as a vector from the horizontal comportment of the converted data series. Furthermore, the walking velocity of the user can be calculated as a vector by the time-integration of the above-mentioned acceleration. Figure2 shows an example of calculation results. The blue line indicates the quantities of walking velocity. (The user walked for about six seconds in case of this sample.) 
2.4 The smoothing of trajectory
The relative position change of the user can be calculated as vector by the time-integration of the above-mentioned velocity. Figure 3 shows an example of calculation results. The blue arrows indicate each position change and have a tendency to turn right then left alternately. Since this tendency is derived from user’s walking locomotion, our algorithm recalculates the relative position change along with the smoothed trajectory.
Figure2: The forward velocity of a pedestrian (a blue line)
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Figure3: The smoothed trajectory image (black arrows)
3. DEPLOYMENT REQUIREMENTS:
3.1 Deployment
Our presented system requires the installation of several beacons with AC adapter as waypoints. The amount of them depends on the size and the walking path structure of the evaluation area. It is preferable that each beacon is fixed on the ceiling. But if impossible, we will use camera tripods to fix them. And there is not any tap for participants, we will use mobile batteries to supply electric power to our beacons.
In addition to that, we would like the accurate floor plan in a raster format for three purposes below.

1. To determine the places of each beacon and measure their ground truth positions.
2. To create passable/non-passable segment.
3. To measure the ground truth position of the start point.
3.2 Calibration

According to user’s operation. The calibration process for the motion sensor module can be executed at any time. It takes about ten seconds.
Just before the evaluation, the user is supposed to give the ground truth position of the start point to the application manually. (That can be optional so long as the beacon is placed nearby the starting point.)
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