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1 Reason for Contribution

This document proposes a framework of meta-positioning which integrates several results of location estimates to get better location estimate. 
2 Summary of Contribution

This document proposes integrated positioning method called meta-positioning and extension of LPPe specification to include the functionality to achieve seamless, accurate positioning.
3 Detailed Proposal

1. Introduction
Various positioning methods have been proposed and used in practical applications so far. The following issues, however, still remain to be solved, especially in indoor environments:
1) Accuracy of ordinary location estimate in indoor environments is insufficient.
2) Cost to achieve very accurate positioning is expensive.
3) Area covered by single positioning method is usually small.
Regarding 1), such positioning methods as GPS or wireless LAN-based positioning cannot achieve high accuracy of shelves in a store. Next generation satellite-based positioning can achieve accurate positioning in a few years, but in indoor situation, the accuracy of the estimate is still 3 to 100 m and the variance of the estimation is large.
As for 2), high accuracy can be achieved by using very dense sensors such as RFID and infra-red markers, but this results in very expensive system if this is implemented in a broad area.

For 3), there are many places where GPS or wireless LAN positioning is not available (e.g. underground, indoor, or areas very close to tall buildings.
This document proposes a meta-positioning that achieves low-cost, highly accurate, and seamless positioning by integrating the results of several different positioning sources.

2. Integration of different positioning method

2.1 Overview of meta-positioning
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Figure 1: Framework of positioning integration (meta-positioning)
Figure 1 shows the concept of meta-positioning. The lowest layer corresponds to current various positioning methods, which are briefly categorized into satellite-based positioning, environment sensor-based positioning, and mobile sensor-based positioning. The proposed meta-positioning functionality is in the layer named "Integration". The location measurements input to the meta-positioning are integrated in this layer to obtain more accurate location estimate. In addition, since available positioning methods vary situation by situation, the positioning methods available in a certain situation are automatically selected to get accurate positioning. In this manner, the meta-positioning achieves a seamless positioning regardless of indoor/outdoor environment.
In addition, the result of integration can be fed back to each positioning method to enhance each positioning. For example, the result of integrated location information can be used for calibrating mobile sensor-based positioning using several sensors equipped on mobile terminals. The feed-back information can also be used to shorten time for capturing satellite signals.

2.2 Information exchanged between meta-positioning and individual positioning entities
The information necessary to calculate accurate position in the meta-positioning is basically the result of position estimate (latitude, longitude, altitude) and its accuracy information for individual positioning methods as well as time information of the estimate. The accuracy information indicates range of positioning errors and one sigma radius is typically used. For non-isotropic error distribution, ellipsoidal distribution is used to approximate the distribution. In this case, the parameter to describe the distribution is its semimajor and semiminor corresponding to one sigma in each direction, and the direction of the longer axis. Meta-positioning integrates several different position estimates in a statistical framework to get most probable position by using the accuracy information. 

2.3 Integration of several different measurements

   There are several methods to integrate different positioning methods. One of the methods is integration using a particle filter. 
In this method, particles are generated at probable positions according to the probability input to the meta-positioning, and they are moved according to a system model with certain noise. And then the weights at the positions of the particles after the movement are calculated by using the location and its accuracy information input to the meta-positioning, and particles are selected again according to the probability. The most probable position is derived by calculating the gravity center of the particles.
3. Proposal of extension of LPPe

The above mentioned meta-positioning can be implemented in SPC in SUPL framework, and no change is basically required to the SUPL architecture itself. However, to achieve the meta-positioning functionality, it is necessary to define the functionality itself and the way to exchange information between the meta-positioning and individual positioning entities. Fundamental elements (IEs) to achieve this have already been defined in the current LPPe specification, hence this can be achieved by combining the current elements appropriately.
In concrete, the position estimate and accuracy information exchanged between the meta-positioning and individual positioning methods can be described by using OMA-LPPe-HighAccuracy3DPosition defined in 6.4.1 in LPPe Ver. 1.0.

However, there is no method defined to integrate several different positioning methods to create one positioning result. Hence it is necessary to add the meta-positioning to positioning methods available in LPPe and related message formats to exchange the information with individual positioning methods.

4 Intellectual Property Rights

Members and their Affiliates (collectively, "Members") agree to use their reasonable endeavours to inform timely the Open Mobile Alliance of Essential IPR as they become aware that the Essential IPR is related to the prepared or published Specification.  This obligation does not imply an obligation on Members to conduct IPR searches.  This duty is contained in the Open Mobile Alliance application form to which each Member's attention is drawn.  Members shall submit to the General Manager of Operations of OMA the IPR Statement and the IPR Licensing Declaration.  These forms are available from OMA or online at the OMA website at www.openmobilealliance.org.

5 Recommendation

We recommend OMA Location WG to extend LPPe specification to include the functionality of the meta- positioning to achieve accurate, inexpensive, and seamless positioning especially in indoor environment.
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