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Abstract—In this paper, we proposed a 3D indoor positioning system based on Kalman filter using low cost MEMS sensors. The inertial sensors computed the trajectory using the Pedestrian Dead-Reckoning (PDR) algorithm. The 2D-position, velocity, and altitude information of the pedestrian was then calculated. A barometer was used to obtain height estimation to improve 3D indoor positioning system. The major advantages of our system are: low cost, no need of external infrastructures, no need of floor plans, no need of calibrations of fingerprinting measurement campaigns.
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I.  Introduction 

The Global Positioning System is widely used in tracking locations at outdoors. However, it cannot be used in indoor environments because of its experience of sever signal attenuation. On the other hand, there are huge demands for high precision indoor positioning systems. Examples of the applications include tracking children’s locations in shopping malls or large supermarkets, locating people with elderly dementia in providing support, and finding a car in a big parking garage.

Current indoor positioning technologies can be divided into two types: (1) infrastructure-based approaches and (2) infrastructure-free-based approaches.

Infrastructure-based approaches obtain the indoor positioning based on the information collected from external infrastructure or external equipment, such as network nodes, WiFi signals, Bluetooth signals, radio frequency (RF) signals, magnetic signals and video signals.

Infrastructure-free approaches eliminate the need for external signals. Most of these approaches are based on inertial sensors, i.e., accelerometers and gyroscopes. These sensors can accurately collect data in a harsh environment. However, the drift and bias errors of these sensors cause serious problems. 

However, the accuracy of current infrastructure-free-based solution for indoor positioning is not enough. Although infrastructure-based solution has higher accuracy, it can’t apply in tough environment, such as disaster scene. This paper presents an infrastructure-free approach to achieve high precision 3D indoor positioning with a low cost sensor that is based on Kalman filter model. 
II. System design
Fig. 1 shows a block diagram of the navigation system. Pedestrian dead-reckoning (PDR) [1] is used in this paper to sequentially estimate the pedestrian’s position. PDR consists of the double integration of current inertial sensor readings. If using only PDR to calculate the position and velocity, the system will eventually lead to divergent because of the sensor error. So in this paper, we use Kalman filter model as basis model. Kalman filter includes a prediction process and update process. When there is an appropriate observation, Kalman filter can compensate the error by update equation. By this way, the system will be stable relatively. ZUPT can very accurately detect the time when a pedestrian is standing still. The standing still moment equals that the velocity of the pedestrian is zero. And we use this information as the observation in Kalman filter, so it can eliminate system errors greatly. We use the barometer fused with accelerometer to obtain z-axis information by combine integrating ZUPT with Kalman filter. 
We also use the height information calculated to distinguish whether the pedestrian is walking on flat ground, climbing stairs or taking an elevator. The Kalman filter is extended to 15-dimensions, and the acceleration deviation and gyroscope bias is added in the state vector. Combining these methods are beneficial for obtaining higher precision positioning results.
[image: image1.png]Barometer
Outputs

Accelerometer

Outputs

oscope
Outputs

Kalman Filter
Prediction

“Foot-still”-
Detector Triggers
ZUPT

Satisfied

Velocity, Heading
and Position

Feedback

Trajectory

Kalman Filter
Update

Figure 1: Algorithm architecture




III. Requirements
This system requires no external infrastructure, but MEMS sensor will be worn on foot.
References

[1] Beauregard S, Haas H. Pedestrian dead reckoning: A basis for personal positioning[C]//Proceedings of the 3rd Workshop on Positioning, Navigation and Communication. 2006: 27-35.
