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ADAPTIVE POSITION DETERMINATION

BACKGROUND

[0001] Location estimation is used by mobile processing devices to establish the device
position and is a feature which is useful to a number of applications on the device. Location
estimation techniques may use any of a number of different methods to calculate a position.
While satellite systems such as Global Navigation Satellite System (GNSS) may aid in
determining positions, use of Wi-Fi beacons in calculation techniques may provide a more
accurate position fix and/or provide position fixes in areas where satellite systems are not
accessible. The position of a mobile computing device can be estimated by using the strength
of the radio signal from a beacon. However, the unpredictability of signal propagation through
indoor environments is a challenge in determining a position fix. It can be difficult to provide
an adequate statistical model of signal strength measurements. Some efforts have focused on
techniques that can generate an accurate empirical model from training data collected in a test
area and real-time estimation for mobile processing devices. The accuracy of such approaches
is at least in part dependent on the number of positions that are known to the positioning
algorithm. The possible signal fluctuations that may occur, however, can increase errors and
inaccuracies in the path of the user. Depending on the position of a device, one calculation
method may be superior to others in providing position accuracy.

SUMMARY
[0002] Technology is provided for calculating a position in response to a position request.
The position request can include observed beacon data associated with the request and upon
which the calculation should in part be based. In response to the position calculation request, a
selection is made between positioning algorithms and potentially differing data sources and
models. Choice of the data models and algorithms depends on a number of factors, including
the capabilities of the device performing the processing, the number of observed beacons and
the availability of data to resolve a position at a venue.
[0002a]  According to one aspect of the present invention, there is provided a computer
implemented method of determining a calculated position, comprising: receiving a request to

determine a position of a mobile processing device; selecting a location calculation method
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from available methods based on availability of at least venue fingerprint data comprising
previously observed beacons, wherein a first method is selected if the venue fingerprint data
include previously observed venue and floor data for observed beacons in a request and venue
detection and floor detection are successful, wherein a venue is determined based on a
threshold number of at least two detected and venue-identified beacons, and a second method
is selected if insufficient data to determine a venue is available for a venue, wherein
insufficient data is available if less than the threshold number of beacons are present; and
calculating the position of the mobile processing device using the method selected.

[0002b]  According to another aspect of the present invention, there is provided a mobile
processing device including a wireless communication channel, comprising: a processor; a
memory including code instructing the processor to perform the steps of; observing a plurality
of wireless beacons via the wireless communication channel, each beacon having observed
characteristics; selecting a position calculation method stored in the memory based on
availability of at least venue fingerprint data comprising previously observed beacons,
wherein selecting comprises: selecting a first method if a threshold number of at least at least
two observed beacons are included in the venue fingerprint data along with venue and floor
data and venue detection and floor detection are successful, and selecting a second method if
less that the threshold number of beacons is not available for observed beacons in the venue
fingerprint data; and calculating a position of the mobile processing device using the method
selected.

[0002¢]  According to still another aspect of the present invention, there is provided a
method comprising: receiving a request to determine a position, the request including an
observation of a plurality of wireless beacons from a mobile processing device, each beacon
having observed characteristics; determining whether venue fingerprint data based on
previous observations of beacons exists for one or more of the plurality of wireless beacons in
the observation; selecting a position calculation method based on the venue fingerprint data,
wherein a first method is selected if the venue fingerprint data includes previously observed
venue and floor data for observed beacons and venue detection and floor detection are
successful, wherein a venue is determined based on a threshold number of at least two

detected and venue-identified beacons, and a second method is selected if venue and floor
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data is not available for a venue for at least the threshold number of beacons; and calculating
the position of the mobile processing device using the selected method.

[0002d] According to yet another aspect of the present invention, there is provided one or
more computer-readable storage media having stored thereon, computer-executable
instructions, that when executed by a processor, cause the processor to perform a method as
described above or detailed below.

[0002¢]  According to a further aspect of the present invention, there is provided a mobile
processing device comprising: at least one processor; and at least one memory comprising
computer program code, the at least one memory and the computer program code configured
to, with the at least one processor, cause the at least one processor to: observe a plurality of
wireless beacons via a wireless communication channel, each beacon having observed
characteristics; select a first position calculation method stored in the memory based on a
sufficient availability of three-dimensional (3D) Wi-Fi fingerprint data comprising at least one
of a successful venue detection of a threshold number of previously observed beacons or a
successful floor detection of the threshold number of previously observed beacons, wherein
the threshold number comprises at least two previously observed beacons; select a second
position calculation method stored in the memory based on an insufficient availability of Wi-
Fi fingerprint data comprising the successful venue detection or the successful floor detection
of less than the threshold number of previously observed beacons; and calculate a position of
the mobile processing device using the selected position calculation method and the observed
characteristics of the observed plurality of wireless beacons.

[0002f]  According to yet a further aspect of the present invention, there is provided an
apparatus comprising: at least one processor; and at least one memory comprising computer
program code, the at least one memory and the computer program code configured to, with
the at least one processor, cause the at least one processor to: observe a plurality of wireless
beacons via a wireless communication channel, each beacon having observed characteristics;
select between a first position calculation method stored in the memory and a second position
calculation method stored in the memory based on which of the first position calculation
method or the second position calculation method provides a more accurate position

calculation using Wi-Fi fingerprint data, the first position calculation method and the second
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position calculation method corresponding to different positioning algorithms having
associated data sources and models; and calculate a position of the mobile processing device
using the selected position calculation method and the observed characteristics of the
observed plurality of wireless beacons.

[0002g]  According to still a further aspect of the present invention, there is provided a
computer implemented method to determine a position of a mobile processing device,
comprising: receiving a request to determine a position of a mobile processing device;
selecting one of a first position calculation method or a second position calculation method
based on an amount of available Wi-Fi fingerprint data comprising previously observed venue
and floor data for observed beacons, the first position calculation method and the second
position calculation method corresponding to different positioning algorithms having
associated data sources and models; and calculating the position of the mobile processing
device using the selected method.

[0002h]  According to another aspect of the present invention, there is provided one or
more computer-readable storage media having stored thereon, computer-executable
instructions, that when executed by a processor, cause the processor to perform a method as
described above or detailed below.

[0003] This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the claimed subject matter, nor is it
intended to be used as an aid in determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figure 1 is a block diagram depicting mobile computing devices relative to

wireless beacons utilized for position calculations.
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[0005] Figure 2 is a perspective exploded view of an indoor position with a plurality of
wireless beacons.
[0006] Figure 3 is a flowchart representing a method in accordance with the present
technology to determine a position using a selected method.
[0007] Figure 4 is a flowchart illustrating a step of selecting a most accurate calculation
method.
[0008] Figure 5 is a flowchart illustrating creation of data models for the method of Figure
3.
[0009] Figurce 6 is a flowchart illustrating sclection of a floor based on a voting features
interval.
[0010] Figure 7 is a block diagram illustrating scenarios calculating position using an EZ
algorithm.
[0011] Figure 8 is a table illustrating a first AP model.
[0012] Figure 9 is a table illustrating a hybrid AP model.
[0013] Figure 10 is a table illustrating voting features interval data.
[0014] Figure 11 is an exemplary response to a “get location using fingerprint” (GLUF)
request represented in XML
[0015] Figure 12 block diagram of a functional representation of a first processing device
and a computing device.
[0016] Figure 13 is a block diagram of a functional representation of a second processing
device and a computing device.
[0017] Figure 14 is a block diagram of a processing system.

DETAILED DESCRIPTION

[0018] Technology is provided for determining or calculating a position in responsc to a
position rcqucst. The position request can include obscrved beacon data associated with the
request and upon which the calculation should in part be based. In response to the position
calculation request, a sclection is made between alternative positioning algorithms and
potentially differing data sources and models. By providing a number of different
algorithms, an optimal method of calculating a position based on observed data in the
position request occurs.

[0019] In accordance with the technology, a position calculation system uses one of at
least two algorithms and two data models to calculate a position based on which algorithm
provides a more accurate position calculation. Choice of the data models and algorithms

depends on a number of factors, including the capabilities of the device performing the
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processing, the number of observed beacons and the availability of data to resolve a position
at a venue. In the disclosure herein, the beacons used may be wireless fidelity (Wi-Fi) access
points having one or more basic service set identifiers (BSSIDs). (It should be noted that
one physical access point may be configured to support multiple BSSIDs.)

[0020] A first type of algorithm uses data consisting of Wi-Fi access point fingerprints
and GPS position fixes based on a two dimensional (2D) access point model. The two
dimensional model includes a longitude and latitude of various access points having known
positions. A 2D data store of the access point positions is maintained with positions of all
Wi-Fi access points in the model provided at the approximatc center of all observed
locations. Thus, the position associated with an access point comprises a most statistically
likely position of a detected access point, rather than where the access point may be actually
located. Using beacon detections, multiple measurements are combined during a position
calculation in response to a position request to compute position and error radius. This
method is alternatively referred to herein as creating an “inferred” position. This first
method is less sensitive to characteristics of the RF environment, as the RF environment
affects only whether a beacon can be observed, and is effective when beacon density is low.
The first method works well in higher density environments with predictable RF
characteristics, however a second positioning algorithm described below provides
statistically better positioning results in such higher density environments.

[0021] A second positioning algorithm uses three dimensional Wi-Fi fingerprints based
on beacon observations consisting of Wi-Fi fingerprints, venue, floor, and user supplied
ground truth relative to a known position. A 3D data store is provided in which an access
point model having latitude, longitude, venue, and venue floor characteristics may be
provided. The model positions Wi-Fi access points where the access points are believed to
be located, using signal strength to range the position. To calculate a position, the
positioning algorithm positions device using trilateration, using signal strength to determine
distance from published access points in the 3D store. A device’s receiver gain is
automatically determined, and four observed Wi-Fi access points are used to calculate a
position. A signal strength distribution based floor detection model is used to determine a
floor from the Wi-Fi fingerprint. This calculation system is advantageous when the RF
environment is more predictable (i.e., follows propagation path loss curve approximately)
and when beacon density is high.

[0022] In the context of this disclosure, a calculated position may include a latitude,

longitude and other logical location information such as a venue identifier and a floor
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identifier within the venue.

[0023] Figure 1 illustrates an exemplary context in which the technology described herein
may be utilized. Figure 1 illustrates a block diagram of a plurality of mobile computing
devices 102, 104 which utilize one or more beacons 110a — 110d or other cell sites 120a,
120D to calculate a position for the mobile device. The mobile computing devices 102, 104
observe or otherwise detect one or more of the beacons 110, 120 and utilize the signals from
these beacons to compute a position. Exemplary beacons include cellular towers, base
stations, base transceiver stations, base station sites, and/or any other network elements
supporting any quantity and type of vacation modec. Typically, beacons 110a — 110d
represent Wi-Fi beacons which have known propagation properties and signals which
provide information to allow, for example, the mobile devices to calculate positions in areas
where other types of signals may not be present, such as the interior of buildings and the
like. Each of the mobile computing devices 102, 104, may store properties for each beacon
110, 120. In some embodiments, exemplary properties include a latitude and longitude of
the observing mobile computing device and an observation time. In internal positions such
as a venue, the observations may include more granular information, such as a floor position.
[0024] Each mobile computing device may itself perform a position calculation, or may
provide information to a location service 125 via a network 50 with the location service 125
returning a calculated position of the device to the device. Each position calculation may
utilize a Kalman filter (or other methods) to a beacon fingerprint (e.g., set of
beacons observed by the computing device) to produce an inferred device position. An error
radius may also be calculated. The error radius may be reflected as a circle having the
estimated device error radius as its radius. As a result, if a particular beacon is detected with
a given confidence level, an inferred device position may be produced that is within a circle
centered at the cstimated beacon position with the estimated beacon radius as illustrated at
418 of Figure 12.

[0025] The location service 125 which may perform a position calculation based on the
observations of mobile computing device (102, 104), pervious position surveys, and other
data which is gathered and stored at the location service 125. In some embodiments, location
service 125 may collect data from numerous different mobile computing devices as well as
observations of beacons relative to known actual positions, referred to herein as ground
truth. Mobile computing devices 102, 104 may send the properties of observed positions
and of the beacons observed at the various positions to the location service via network 50.

Location service 125 may operate one or more computing devices as illustrated herein to
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provide position determination services to the mobile processing devices via network 50.
[0026] A calculated or inferred position may include both position and have an associated
error radius. The error radius is a reflection of the uncertainty or error which may be present
in the calculation of the position. An illustration of an error radius as displayed by a
mapping application using a calculated position is set forth in Figure 12. Generally the error
radius represents an area surrounding the calculated position which indicates to the user of
the calculated position the relative accuracy of the calculation.

[0027] The observations may be used in conjunction with GPS services to determine a
position. In some instances, GPS data is not available. When a mobile computing device 18
present in an interior of a building venue, access to GPS data is generally difticult to receive.
Hence, the use of Wi-Fi or other information may yield more accurate inferred position data.
[0028] Figure 2 illustrates an exploded, perspective view of a venue 200 having a plurality
of Wi-Fi beacons positioned about the interior of the structure. Venue 200 may be, for
example, a shopping mall, school, office building, airport or other building where access to
GPS data is not readily available. Figure 2 illustrates a first floor 210 and second floor to
212 of the venue 200. A plurality of walls 220 separate various rooms 225 within the venue
200. Beacons 110 are positioned throughout both floors of the venue 200. A processing
device may use the properties of the beacons within the venue 200 to calculate the position
of the processing device. Generally, calculated positions are returned to applications which
utilize the calculated position to provide information to user. Although there are a number
of different types of location applications, a mapping application is a typical use a calculated
position.

[0029] Local positioning may be performed utilizing many different properties. Some
methods use physical propertics of the signal, while others use the time taken for the signal
to reach the destination node. Some common positioning methods include angle of arrival,
cell identity, time of arrival, time difference of arrival and power based wireless positioning
methods. One common approach employs surveying of signal strength information in a
particular area. This information forms a database describing the signal strength finger print
of that area. The database is later used to determine the position of a mobile device by a
particular pattern matching algorithm. Another power based wireless positioning approach
uses a path-loss model to estimate the relationship between the signal strength and distance
from transmitters. The estimated distances from three or more transmitters are used to
trilaterate the final position of the device. Although particular methods and algorithms of

positioning are described herein, the present technology may incorporate any of a number
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of different position calculation methods in conjunction with the teachings of the
technology.

[0030] Figure 3 is a flowchart illustrating a method in accordance with the present
technology to determine a calculated position. In one context, the position is calculated in
response to a position request. The position request may be generated, for example, by a
mobile processing device seeking to determine a calculated position for one or more location
aware applications on the mobile processing device. The method may be performed in whole
or in part on a mobile processing device alone, or in communication and cooperation with a
location service 125.

[0031] At step 320, venue beacon information is acquired for onc or morc venues. A
venue may be a location with physical facilities, such as a building, or any location where
one or more beacons of “‘access points” (AP) are located. The venue information may result
from a position survey during which information is gathered comprising beacon fingerprints
of positions of beacons which are detected at the venue. Beacons may be detected by a
mobile computing device 102, 104 at a given point in time represent position observations
and include a beacon (ingerprint. The beacon (ingerprint may also include other atiributes
of the detection such as signal strength, and the date and time of observation. One
mechanism for gathering site information is disclosed in U.S. Patent Application Serial No.
US20140057651A1 having a filing date of October 23, 2013.

[0032] Generally, position survey information may be gathered by physically surveying
a site using a mobile processing device, determining a beacon fingerprint for the location
and establishing a set of ground truth data of actual positions associated with beacon
fingerprints for the venue. To establish ground truth for a particular venue, observed data
for a venue is associated with known positions for the observed data. The observed data may
be associated by means of a survey using known position information (in terms of known
latitude, longitude, and floor positions) which is mapped to a beacon fingerprint at a given
time. Fingerprints of the known beacons at each of a set of map positions is created. A
correlation between the inferred positions is used assess the accuracy of the position
determination by comparing the inferred position with ground truth.

[0033] At330, and at a time which may be coincident with or after acquisition of location
fingerprints at step 320, a request to determine a position may be received. The request may
be received from, for example, a location aware application on a mobile processing device.
The request may be received by a calculation on the mobile processing device or transmitted

from the mobile device and received by the location service 125. Numerous such location
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applications on a mobile processing device may use calculated positions to provide
information and services to users of the mobile processing device. Once the position
determination request is received at 330, a determination of beacons observed by the mobile
positioning device initiating the request is made at 340. The observable beacons are used in
calculating the position of the device relative to the position fingerprints. In one
embodiment, the request at 330 may include a set of observed beacons at 340 as part of the
request.

[0034] At 350 a determination is made as to which of one or more alternative position
calculation mecthods will provide the most accurate position calculation based on a number
of factors. The dctermination of the method used for calculating a position is described
below with respect to Figure 4.

[0035] At 360, the selected method is used to calculate a position, and the calculated
position is returned in response to the request at 370.

[0036] Figure 4 is a flow chart illustrating one method of determining which of a plurality
of alternative methods provides the best position calculation at step 350 in Figure 3. In one
embodiment, two potential calculation methods may be utilized. However, it will be
understood that the number of different types of calculation methods need not be limited.
Further, the present technology is applicable to indoor positioning calculations and hence
the presence of a sufficient number of venue beacons for a particular method of calculation
may be needed.

[0037] Initially, it should be noted that a default method using an inference algorithm
based on a Kalman algorithm with a 2D beacon model data is shown at 360A. The default
method of 306A is used to determine a calculated position if other, more robust position
methods are not capable of usc as described herein. The inferred position result from this
algorithm is provided at 372. Although in onc aspect, a Kalman algorithm is used at 360A,
other methods for calculating a position may be used as a default method in accordance with
the technology.

[0038] At 344, an attempt is made to determine a venue where the device is located. The
venue may be determined, for example, based on a threshold of at least two detected and
venue-identified beacons being present in observations made by the device at 340 above. In
one embodiment, the venue is verified if two beacons having a minimum detected threshold
signal strength are present in the observations 340. If venue detection is unsuccessful at 346,
then the method returns to the default calculation method at 360A.

[0039] If venue detection is successful at 346, then an attempt is made to detect the floor
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within the venue at 348. In one embodiment, floor detection may be determined by a voting
process as discussed below with respect to Figure 6 .

[0040] If floor detection is unsuccessful, then the method returns to the default calculation
method at 360A.

[0041] In another alternative, venue and floor detection 355 may be accomplished using
floor detection steps 348 and 352. In this alternative, detection of a floor may include data
identifying the venue where the floor is located, such that detection of the beacon fingerprint
of a given floor inherently yields the venue where the floor is located.

[0042] If floor dctection is successful at 352, then one of an inference algorithm using a
3D venue-based hybrid access point (AP) model (at 360B) or an algorithm based on an “EZ”
positioning algorithm using a 3D venue AP model (at 360C) may be used to determine a
calculated position. An EZ algorithm is detailed in K. Chintalapudi and V. Padmanabhan,
“Indoor Localization Without the Pain,” MOBICOM, Association for Computing

Machinery, Inc., September 2010,

[0043] If floor detection is successful at 352, initially an attempl to calculale a position
using an EZ algorithm at 360C is performed. If the calculation is successful at 374, the
calculated position is resolved at 376. If the calculation is not successful, an inference
algorithm using a hybrid AP model incorporating floor and venue data is used to calculate
a position at 360B. At 378, a calculated position is returned.

[0044] At 380 a coherency and privacy check may be performed on the calculated results.
The coherency and privacy check determines whether the result agrees with a minimum data
standard specified. For example, if only one Wi-Fi beacon is found in observed data and no
2D data was available for the beacon, a coherency check would ensure that no position result
be provided duc to privacy concerns.

[0045] In general, an EZ algorithm uses an assumption that all the observations reported
from an initial survey and those used in a position calculation are constrained by the
underlying physics of RF propagation. The EZ algorithm models these constraints and then
uses them to determine the AP model and the unknown positions simultancously. Referring
to Figure 7, assume that there are two users (M1,M2) and two APs (AP1,AP2) and one
knows all the four AP-user distances (as shown scenario I-A in Figure 7). Based on this
information, several different quadrilaterals can be constructed, with positions of the APs
and users as the vertices as depicted in Scenarios I-A and I-B. The realization of the relative

positions (modulo translation, rotation, and reflection) of the APs and users is not unique.
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However, it can be proved that if there were three APs and three mobile users, there can
only be a unique realization for the relative positions of the APs and the users (Scenario II).
This demonstrates that given enough distance constraints between APs and mobile users,
one can uniquely determine their positions in a relative sense.

[0046] In practice, distances between APs and mobile users can be inferred through

received signal strength (RSS). A popular model that relates distance to RSS is given by:

pij = P, — 10y; log(\/(ci —xj)T(ci —xj)) +G;

[0047] In the above equation, p;; is the received RSS at the /" mobile user from the /" AP,

P; is the transmit power of the i™ AP, ; is the position of the i AP, x; 18 the position of the
/™ mobile user, y; is the path loss exponent in the vicinity of the i AP, and G; is the gain of
the /% mobile receiver.

[0048] For cach RSS observation, one equation in the form of the above is obtained. Since
a large number of observations can be collected from different locations (some known
locations but mostly unknown locations) for cach mobile processing device as it moves,
eventually enough equations (i.e., constraints) are provided to solve for all the variables.
[0049] Because solving such equations is non-trivial, and a specialized genetic algorithm
is developed to solve them. By using a hybrid method with genetic algorithm and gradient

descent, finding the solution becomes an optimization problem:

minjzz

[0050] The above problem has no known analytical solutions and has a large number of

pij - Pi + 10 Yi IOg\/(Ci - Xj)T(Ci - xj)

local minima. To solve the above, a constraint on the 2D search space is used to resolve the
position using EZ algorithm. A bounding box of the venue may be used as the constraint.
Commercial mapping systems such as BING® Maps provide venue metadata which can be
incorporated as the constraint. The bounding box is a sct of two positions that specify the
lower left and upper right of the rectangle that covers the area of the venue.

[0051] Figure 5 illustrates a method for gathering and building a 2D and 3D beacon store
in accordance with the present technology. In one embodiment, Figure 5 represents a
method for performing step 320 in Figure 3. At 510, venue beacon information is gathered
using any of a number of known techniques. The location service 125 may collect and
maintain the various beacon stores described hercin and may provide all or a portion of the
modecls crcated and described herein to a mobile computing device. In some embodiments,

location service 125 may collect data from numerous different mobile computing devices
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as well as scheduled observations of beacons relative to known actual positions, referred to
herein as ground truth. Mobile computing devices 102, 104 may transmit observations to
location service 125 via network 50.

[0052] At 520, the venue beacon store may be populated using the beacon observations
relative to ground truth positions. Generally, venue survey information may be gathered by
physically surveying a site using a mobile processing device, determining a beacon
fingerprint for the location and establishing a set of ground truth data of actual positions
associated with beacon fingerprints for the venue. To establish ground truth for a particular
beacon, obscrved data for a beacon is associated with known positions for the observed data.
The observed data may be associated by means of a survey using known position
information (in terms of known latitude, longitude, and floor positions) which is mapped to
a beacon fingerprint at a given time. Fingerprints of the known beacons at each of a set of
map positions is created. A correlation between the inferred positions is used to assess the
accuracy of the position determination.

[0053] At 530, a venue AP model is created based on the Venue AP data gathered at 510.
[0054] 2D (latitude and longitude) observations for APs may likewise be present in a data
store at 515 for a number of venues. 2D observations 515 may include observations of APs
with reference to position data but without floor observations, and may or may not be
associated with venues based on the accuracy of the position data associated with the APs.
Where AP measurements can be correlated to positions, a 2D model can be generated at
525.

[0055] For both the EZ algorithm at 360C and an inference (internal Kalman) algorithm
at 360B, a 3D venue access point model is used. In one embodiment, the 3D venue access
point model may be generated by a mobile processing device or a location service 125 of
Figure 1. As illustrated in Figure 8, the 3D venue AP model is a table of data consisting of
the columns: BSSID (Base Service Set ID), Latitude, Longitude, Power, Gamma, Venueld,
and Floorld.

[0056] As noted above, if a threshold number of beacons are present, an attempt will be
made to use an EZ algorithm calculation at 360C using the 3D AP model. If the EZ
algorithm fails to infer a position (at 374), the system will fall back to using an inference
algorithm at 360B to infer the position. For this purpose, the venue-based 3D beacon store
is used as part of the AP model.

[0057] In accordance with the technology, a venue-based 3D beacon store is generated at

535. This generation may be performed by the location service 125. An example of the
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hybrid model is shown in Figure 9. To accomplish, the hybrid venue-based AP model is
generated using the EZ model on the indoor observations using the same training data used
to generate indoor AP model (Figure 8) and the 3D beacon store for the venue. This
information is joined with the venue AP model generated by an indoor refining technique
to create a hybrid indoor model. The EZ algorithm is used to find the position (latitude,
longitude), power, and path loss exponent (gamma) of the AP’s inside of the venue. For a
fingerprint, each beacon with the received signal strength can be written as an equation with
the position (latitude, longitude) as unknowns. To solve the position (latitude, longitude), at
least three (3) beacons arc used for trilatration. However, for various devices, the receiver
gain, which affects the received signal strength, is also unknown. This adds another
dimension to the solution and thus at least one more beacon in the fingerprint is used to
solve the equations. Therefore, in one embodiment, 2 minimum number of beacons in a
fingerprint to resolve its position is four beacons. To build this hybrid model, solutions of
the unknown quantities of the AP’s based on the observations (each observation being an
equation with these unknowns). The method to find the solution is the gradient descent
algorithm, which tries to find the solution by searching different combinations of unknowns
to the equations to minimize the error. This generation EZ algorithm is a counterpart to the
positioning algorithm used at 360C for calculating a position, and is based on the same
principle.
[0058] Figure 6 illustrates a method of performing step 360C. At 610, an initial
determination is made to ensure that at least two beacons are present At 620, a determination
of the venues determination can be made is two beacons associated with the venue are found
in the observed data (340) from the position request.
[0059] At 630, cach beacon in an obscrvation fingerprint is retricved, and floor detection
is determined by a floor detection process at 640. The floor may be determined, for example,
via a voting algorithm or a maximum likelihood algorithm.
[0060] Inthe maximum likelihood algorithm, a statistical probability calculation is made
which uses a receiver gain offset estimation maximum likelihood method to select the floor
and receiver gain that maximizes the probability that a given floor “generates” the Wi-Fi
fingerprint. To select the floor, the method solves for the maximum probability according
to:

argmax m

ax .
R i l_LKProb( JAP; = rssi; + R|ﬂoori)

Where:
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R is the Receiver gain offset;
floor 1 is the ith floor;

AP ij is the received power from AP j in floor i (where AP is the “access point™);

and
rssi_j is the received power from AP _j in the fingerprint

[0061] In the voting model, each beacon in the Wi-Fi fingerprint from the incoming
request has a vote for every floor in the indoor beacon store (across all the venues) and the
floor with the most votes wins. The winning floor also verifies the venue. If none of the
floors receives a vote, then the floor cannot be determined and the venue 1s not verified.
Thus, floor/venue information cannot be provided in the response. The voting model is
based on a Voting Feature Intervals (VFI) model such as that described in G. Demir6z and
H. Giivenir, “Classification by Voting Feature Intervals,” Proceedings of the 9th European
Conference on Machine Learning, pp. 85-92, 1997 The VFI model is a table containing the
following information for the beacons in the venue: Bssid, Venueld, Floorld, IntervalStart,
IntervalEnd, and Weight. A partial VFI model is shown in Figure 10. Each entry in the table
represents a beacon’s (Bssid), vote (Weight) (between 0 and 1) for the Floorld and Venueld
if the RSS of the beacon in the fingerprint falls within an interval specified by IntervalStart
and IntervalEnd. A beacon could have multiple non-overlapping intervals on the same floor,
or have intervals for different floors. Therefore, there could be multiple entries in the table
for the same beacon.
[0062] At 650, the floor determined by ecither of the above methods is returned.
[0063] In one embodiment, the location service 125 may provide position information in
response to a position request from a mobile device. In such cases, the returned data may be
represented in Extensible Markup Language (XML) provided in response to a “get location
using fingerprint” (GLUF) request when floor and venuc arc resolved. An cxample of the
XML provided in response to this request is illustrated in Figure 11. The item
<ResolvedLocation> is an XmlElement in <LocationResult> and is a property carrier. It
represents a logical position to which more detailed items of the venue can be added. For

99 66;

example, “store,” “isle,

AN

gate,” etc. detail items can be added. <ResolvedLocation> will
not be populated if there is no indoor result. It is also possible to return only a venue
(VENUEID) without a floor result and only the Venueld property will be populated in
<ResolvedLocation>. The enhanced GLUF response is backward compatible, with only one
additional XML node that contains logical position entities such as Venueld and Floorld.

[0064] Figure 12 illustrates a block diagram of a mobile computing device 400 which may

12
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comprise one of the mobile computing device 102, 104 of Figure 1, and may include
elements of a mobile device such that illustrated in Figure 10, below. Computing device 400
may include, for example, a processor 412 and a user interface 418. An exploded view of a
display of a user interface 418 illustrates a plan view of a map 200a of a venue, such as
venue 200, with an indication 415 of an inferred position displayed on the map along with
an error radius 417 surrounding the indication 415 of the inferred position.

[0065] Device 400 includes memory 410 which may store plurality of position
observations 411, 422. Although only two position observations 411 and 422 are indicated,
it will be understood that a number of position obscrvations will be present in memory 410.
Each position obscrvation includes a fingerprint of beacons 402 and associated beacon data
404. The position observations may be utilized by a position calculation application 420.
The position calculation application 420 may be utilized to calculate a position from the
position observations 411, 422. Location aware applications 430 utilize the inferred position
calculated by the position of calculation application for any of a number of purposes. In one
embodiment (illustrated in Figure 4), the location aware application may be a map
application and display the infer position along with the error radius on a user interface. It
will be understood that numerous other types of applications make use of inferred positions,
and the technology discussed herein is not limited to location aware applications which are
mapping applications.

[0066] Figure 13 illustrates a block diagram of the functional components of a computing
device 1400 which in one embodiment may be utilized to provide location service 125.
Computing device 1400 includes a processor 1412 and user interface 1418. Device 1400
may further include memory 1410 having components provided therein including a default
beacon store 1411 and a venuce/AP beacon store 1422. The default beacon store 1411 may
include 2D obscrvations uscd for default algorithm processing (step 360A), while the venue
beacon store 1422 may include data for the EZ and indoor inference methods described
above. Memory 1410 may further include position calculation applications 1430, 1435 and
correlation application 1472. Optionally, location aware applications 1478 such as those
used on the mobile processing device may also be present in memory 1410.

[0067] Figure 14 depicts an example block diagram of a mobile device for implementing
the operations of the disclosed technology. The device of Figure 14 is a more detailed
illustration of, for example, devices 102, 104 of Figure 1. Exemplary electronic circuitry of
a typical mobile processing device is depicted. The mobile device 1000 includes one or

more microprocessors 1012, and memory 1010 (e¢.g., non-volatile memory such as ROM
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and volatile memory such as RAM) which stores processor-readable code which is executed
by one or more processors of the control processor 1012 to implement the functionality
described herein.

[0068] Mobile device 1000 may include, for example, processors 1012, memory 1010
including applications and non-volatile storage. The processor 1012 can implement
communications, as well any number of applications, including the applications discussed
herein. Memory 1010 can be any variety of memory storage media types, including non-
volatile and volatile memory. A device operating system handles the different operations of
the mobile device 1000 and may contain user interfaces for operations, such as placing and
receiving phone calls, text messaging, checking voicemail, and the like. The applications
1030 can be any assortment of programs, such as a camera application for photos and/or
videos, an address book, a calendar application, a media player, an internet browser, games,
an alarm application or other third party applications. The non-volatile storage component
1040 in memory 1010 contains data such as web caches, music, photos, contact data,
scheduling data, and other files.

[0069] The processor 1012 also communicates with RF transmit/receive circuitry 1006
which in turn is coupled to an antenna 1002, with an infrared transmitted/receiver 1008, and
with a movement/orientation sensor 1014 such as an accelerometer and a magnetometer
1015. Accelerometers have been incorporated into mobile devices to enable such
applications as intelligent user interfaces that let users input commands through gestures,
indoor GPS functionality which calculates the movement and direction of the device after
contact is broken with a GPS satellite, and to detect the orientation of the device and
automatically change the display from portrait to landscape when the phone is rotated. An
accclerometer can be provided, ¢.g., by a micro-clectromechanical system (MEMS) which
is a tiny mechanical device (of micrometer dimensions) built onto a semiconductor chip.
Acceleration direction, as well as orientation, vibration and shock can be sensed. The
processor 1012 further communicates with a ringer/vibrator 1016, a user interface
keypad/screen 1018, a speaker 1020, a microphone 1022, a camera 1024, a light sensor 1026
and a temperature sensor 1028. Magnetometers have been incorporated into mobile devices
to enable such applications as a digital compass that measure the direction and magnitude
of a magnetic field in the vicinity of the mobile device, track changes to the magnetic field
and display the direction of the magnetic field to users.

[0070] The processor 1012 controls transmission and reception of wireless signals.

During a transmission mode, the processor 1012 provides a voice signal from microphone
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1022, or other data signal, to the transmit/receive circuitry 1006. The transmit/receive
circuitry 1006 transmits the signal to a remote station (e.g., a fixed station, operator, other
cellular phones, etc.) for communication through the antenna 1002. The ringer/vibrator 1016
is used to signal an incoming call, text message, calendar reminder, alarm clock reminder,
or other notification to the user. During a receiving mode, the transmit/receive circuitry 1006
receives a voice or other data signal from a remote station through the antenna 1002. A
received voice signal is provided to the speaker 1020 while other received data signals are
also processed appropriately.

[0071] Additionally, a physical connector 1088 can be used to connect the mobile device
100 to an external power source, such as an AC adapter or powered docking station. The
physical connector 1088 can also be used as a data connection to a computing device. The
data connection allows for operations such as synchronizing mobile device data with the
computing data on another device. A global positioning service (GPS) receiver 1065
utilizing satellite-based radio navigation to relay the position of the user applications is
enabled for such service.

[0072] The technology is operational with numerous other general purpose or special
purpose computing system environments or configurations. Examples of well-known
computing systems, environments, and/or configurations that may be suitable for use with
the technology include, but are not limited to, personal computers, server computers, hand-
held or laptop devices, multiprocessor systems, microprocessor-based systems, set top
boxes, programmable consumer electronics, network PCs, minicomputers, mainframe
computers, distributed computing environments that include any of the above systems or
devices, and the like.

[0073] The technology may be described in the general context of computer-executable
instructions, such as program modulcs, being cxecuted by a computer. Generally, program
modules include routines, programs, objects, components, data structures, ctc. that perform
particular tasks or implement particular abstract data types. The technology may also be
practiced in distributed computing environments where tasks are performed by remote
processing devices that are linked through a communications network. In a distributed
computing environment, program modules may be located in both local and remote
computer storage media including memory storage devices.

[0074] Although the subject matter has been described in language specific to structural
features and/or methodological acts, it is to be understood that the subject matter defined in

the appended claims is not necessarily limited to the specific features or acts described
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above. Rather, the specific features and acts described above are disclosed as example forms

of implementing the claims.
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CLAIMS:

1. A computer implemented method of determining a calculated position,

comprising:
receiving a request to determine a position of a mobile processing device;

selecting a location calculation method from available methods based on availability of at
least venue fingerprint data comprising previously observed beacons, wherein a first
method is selected if the venue fingerprint data include previously observed venue and
floor data for observed beacons in a request and venue detection and floor detection are
successful, wherein a venue is determined based on a threshold number of at least two
detected and venue-identified beacons, and a second method is selected if insufficient data
to determine a venue is available for a venue, wherein insufficient data is available if less

than the threshold number of beacons are present; and
calculating the position of the mobile processing device using the method selected.

2. The computer implemented method of claim 1 further including creating a data
model including observed beacon characteristics and associated position data, the position

data including a venue identifier and a floor identifier.

3. The computer implemented method of claim 2 further including refining

previously observed position data to include at least refined position data.

4. The computer implemented method of claim 1 wherein selecting includes
determining a venue from the observed beacons, followed by determining a floor from the

observed beacons.

5. The computer implemented method of claim 1 wherein said calculating
includes initiating a calculation using the first method, determining that observed beacons or
previously observed data is insufficient to complete the calculating, and selecting the second

method.
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6. The computer implemented method of claim 1 further including selecting a

third method if no venue fingerprint data for observed beacons in the request is available.

7. The computer implemented method of claim 1 further including selecting a

5  third method if said calculating using the first or the second methods fails.

8. A mobile processing device including a wireless communication channel,

comprising:
a processor;
a memory including code instructing the processor to perform the steps of;

10 observing a plurality of wireless beacons via the wireless communication channel, each

beacon having observed characteristics;

selecting a position calculation method stored in the memory based on availability of at
least venue fingerprint data comprising previously observed beacons, wherein selecting

comprises:

15 selecting a first method if a threshold number of at least at least two observed beacons are
included in the venue fingerprint data along with venue and floor data and venue detection
and floor detection are successful, and selecting a second method if less that the threshold

number of beacons is not available for observed beacons in the venue fingerprint data; and
calculating a position of the mobile processing device using the method selected.

20 9. The mobile processing device of claim 8 further including code: selecting a
third method if venue fingerprint data for observed beacons is available or if said calculating

using the first or the second methods fails.

18

Date Regue/Date Received 2020-04-28



10

15

20

25

81800120

10. The mobile processing device of claim 9 further including calculating using a
data model including observed beacon characteristics and associated position data, the

position data including a venue identifier and a floor identifier.

11. The mobile processing device of claim 9 wherein said calculating includes
initiating a calculation using the first method, determining that observed beacons or
previously observed data is insufficient to complete the calculating, and selecting the second

method.

12. The mobile processing device of claim 9 wherein said first method is an EZ
algorithm method, the second method is a Kalman algorithm, the first and second method

using data including floor and venue data.

13. A method comprising: receiving a request to determine a position, the request
including an observation of a plurality of wireless beacons from a mobile processing device,

each beacon having observed characteristics;

determining whether venue fingerprint data based on previous observations of beacons

exists for one or more of the plurality of wireless beacons in the observation;

selecting a position calculation method based on the venue fingerprint data, wherein a first
method is selected if the venue fingerprint data includes previously observed venue and
floor data for observed beacons and venue detection and floor detection are successful,
wherein a venue is determined based on a threshold number of at least two detected and
venue-identified beacons, and a second method is selected if venue and floor data is not

available for a venue for at least the threshold number of beacons; and
calculating the position of the mobile processing device using the selected method.

14. The method of claim 13 further including selecting a third method if venue
fingerprint data for observed beacons in the request is available or if said calculating using the

first or the second methods fails.
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15. The method of claim 14 wherein said calculating includes initiating a
calculation using the first method, determining that observed beacons or previously observed

data is insufficient to complete the calculating, and thereafter selecting the second method.

16. The method of claim 15 further including creating a data model including
observed beacon characteristics and associated position data, the position data including a
venue identifier and a floor identifier, and including refining previously observed position

data to include at least refined position data.

17. The method of claim 16 wherein selecting includes determining a venue from

the observed beacons, followed by determining a floor from the observed beacons.

18. The method of claim 13 wherein the receiving includes receiving the request
from a mobile device via a network and further including outputting the position of the mobile

processing device to the mobile processing device via the network in response to the request.

19. One or more computer-readable storage media having stored thereon,
computer-executable instructions, that when executed by a processor, cause the processor to

perform a method according to any one of claims 1 to 7 and 13 to 18.
20. A mobile processing device comprising:
at least one processor; and

at least one memory comprising computer program code, the at least one memory and the
computer program code configured to, with the at least one processor, cause the at least

one processor to:

observe a plurality of wireless beacons via a wireless communication channel, each

beacon having observed characteristics;

select a first position calculation method stored in the memory based on a sufficient
availability of three-dimensional (3D) Wi-Fi fingerprint data comprising at least one of a
successful venue detection of a threshold number of previously observed beacons or a
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successful floor detection of the threshold number of previously observed beacons,

wherein the threshold number comprises at least two previously observed beacons;

select a second position calculation method stored in the memory based on an insufficient
availability of Wi-Fi fingerprint data comprising the successful venue detection or the
successful floor detection of less than the threshold number of previously observed

beacons; and

calculate a position of the mobile processing device using the selected position calculation

method and the observed characteristics of the observed plurality of wireless beacons.

21. The mobile processing device of claim 20, wherein calculating the position of
the mobile processing device comprises using an access point (AP) model in a 3D data store

having latitude, longitude, venue and venue floor characteristics for a 3D venue.

22. The mobile processing device of claim 21, wherein the AP model comprises a

3D venue-based hybrid AP model.

23. The mobile processing device of claim 20, wherein the first position
calculation method comprises an EZ positioning algorithm and the second method position
calculation comprises a Kalman algorithm, the first and second position calculation methods

using data including 3D floor and venue data.

24, The mobile processing device of claim 20, wherein the computer program code
is further configured to, with the at least one processor, cause the at least one processor to
select a third method upon failure of calculating the position of the mobile processing device
using the first or the second methods or upon Wi-Fi fingerprint data for the observed beacons

being unavailable.

25. The mobile processing device of claim 20, wherein the computer program code
is further configured to, with the at least one processor, cause the at least one processor to

calculate the position of the mobile processing device using a data model including the
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observed characteristics and associated position data, the position data including a venue

identifier and a floor identifier.

26. The mobile processing device of claim 20, wherein the 3D Wi-Fi fingerprint
data comprises data relating to a venue where access to Global Positioning System (GPS) data
is not readily available, including one of a shopping mall, a school, an office building or an

airport terminal.
27. An apparatus comprising:
at least one processor; and

at least one memory comprising computer program code, the at least one memory and the
computer program code configured to, with the at least one processor, cause the at least

one processor to:

observe a plurality of wireless beacons via a wireless communication channel, each

beacon having observed characteristics;

select between a first position calculation method stored in the memory and a second
position calculation method stored in the memory based on which of the first position
calculation method or the second position calculation method provides a more accurate
position calculation using Wi-Fi fingerprint data, the first position calculation method and
the second position calculation method corresponding to different positioning algorithms

having associated data sources and models; and

calculate a position of the mobile processing device using the selected position calculation

method and the observed characteristics of the observed plurality of wireless beacons.

28. The apparatus of claim 27, wherein the computer program code is further
configured to, with the at least one processor, cause the at least one processor to determine an

amount of available Wi-Fi fingerprint data for previously observed beacons to select the first
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position calculation method or the second position calculation method as having the more

accurate position calculation.

29. The apparatus of claim 28, wherein the available W-Fi fingerprint data
comprises at least one of a successful venue detection of a threshold of previously observed
beacons or a successful floor detection of the threshold previously observed beacons, wherein

the threshold comprises at least two previously observed beacons.

30. The apparatus of claim 27, wherein the computer program code is further
configured to, with the at least one processor, cause the at least one processor to select the first
position calculation method or the second position calculation method based upon at least one
of processing capabilities of the at least one processor, a number of observed beacons and an

availability of data to resolve a position at a venue.

31. The apparatus of claim 30, wherein the venue comprises a three-dimensional
(3D) venue being a venue where access to Global Positioning System (GPS) data is not
readily available, including one of a shopping mall, a school, an office building or an airport
terminal, and the apparatus is located within a physical structure of one of the shopping mall,

the school, the office building or the airport terminal.

32. A computer implemented method to determine a position of a mobile

processing device, comprising:
receiving a request to determine a position of a mobile processing device;

selecting one of a first position calculation method or a second position calculation
method based on an amount of available Wi-Fi fingerprint data comprising previously
observed venue and floor data for observed beacons, the first position calculation method
and the second position calculation method corresponding to different positioning

algorithms having associated data sources and models; and

calculating the position of the mobile processing device using the selected method.
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33. The computer implemented method of claim 32, wherein the Wi-Fi fingerprint
data comprises three-dimensional (3D) Wi-Fi access point (AP) fingerprint data.

34. The computer implemented method of claim 33, wherein the 3D Wi-Fi AP
fingerprint data comprises data relating to a venue where access to Global Positioning System
(GPS) data is not readily available, including one of a shopping mall, a school, an office
building or an airport terminal, and the mobile processing device is located within a physical

structure of one of the shopping mall, the school, the office building or the airport terminal.

35. The computer implemented method of claim 32, wherein the Wi-Fi fingerprint
data comprises at least one of a successful venue detection of a threshold number of
previously observed beacons or a successful floor detection of the threshold number of

previously observed beacons, the threshold number being at least two.

36. The computer implemented method of claim 32, wherein the first position
calculation method comprises an EZ positioning algorithm and the second position calculation
method comprises a Kalman algorithm, the first and second position calculation methods

using data including three-dimensional (3D) floor and venue data.

37. The computer implemented method of claim 32, further comprising creating a
data model including observed beacon characteristics and associated position data, the
associated position data including a venue identifier and a floor identifier, and refining

previously observed position data to include at least refined position data.

38. The computer implemented method of claim 32, wherein calculating the
position of the mobile processing device comprises calculating the position of the mobile
processing device in a three-dimensional (3D) venue, wherein selecting one of the first
position calculation method or the second position calculation method comprises determining
the 3D venue from the observed beacons, followed by determining a floor within the 3D

venue from the observed beacons.

39. The computer implemented method of claim 32, further comprising selecting a

third position calculation method if no Wi-Fi fingerprint data fingerprint data for observed
24
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beacons is available or calculating using the first position calculation method or the second

position calculation method fails.

40. One or more computer-readable storage media having stored thereon,
computer-executable instructions, that when executed by a processor, cause the processor to

5 perform a method according to any one of claims 32 to 39.

25
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