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METHOD AND SYSTEM FOR POSITIONING cellular transceiver and / or a wireless transceiver , the wire 

WIRELESS DEVICE less device can determine its position using the locations of 
the wireless stations to which the wireless device can 
communicate , by triangulating its position based on the 

Matter enclosed in heavy brackets [ ] appears in the 5 strength of the signals received from the wireless stations , if original patent but forms no part of this reissue specifica the locations of the wireless stations are known . 
tion ; matter printed in italics indicates the additions As an alternative to triangulation based positioning , data 
made by reissue ; a claim printed with strikethrough base based positioning can be used to determine a position 
indicates that the claim was canceled , disclaimed , or held of a wireless device by evaluation of the RF measurements . 
invalid by a prior post - patent action or proceeding . 10 These measurements are compared to the entries of the 

database . The corresponding calculations find the best 
INCORPORATION BY REFERENCE matching database entry and thus lead to a position estimate . 

Database based positioning can provide high degree of 
[ This present disclosure ] This application is a reissue accuracy and is utilized for network - based positioning sys 

application of U.S. Pat . No. 9,197,998 , issued on Nov. 24 , 15 tem . This method does not rely on line of sight conditions 
2015 , which claims the benefit of U.S. Provisional Appli but benefits from the more distinct radio patterns of multi 
cation No. 61 / 824,182 , “ Mobile Device Positioning Method path environments . Only network inherent parameters are 
and System for Hybrid Wireless Networks ” filed on May 16 , utilized so that no hardware modifications are required and 
2013 , and U.S. Provisional Application No. 61 / 865,751 , legacy devices can be employed . 
“ Position Data Distribution Applied to Server Assisted Posi- 20 
tioning System ” filed on Aug. 14 , 2013 , which are incorpo SUMMARY 
rated herein by reference in their entirety . 

Aspects of the disclosure provide a method . The method 
FIELD includes storing a database of positioning data . Each posi 

25 tioning data can associate position information of a location 
This disclosure relates generally to position determina with an identifier of a wireless station for providing wireless 

tion . More specifically , the disclosure relates to methods and connection at the location and a characteristic of a wireless 
apparatus for performing database based position determi signal received at the location . Further , the method includes 
nation for wireless devices in wireless communication net receiving a position request from a wireless device that 
works . 30 receives an identifier and a specific characteristic of a 

wireless signal from a specific wireless station , identifying 
BACKGROUND the specific wireless station using the identifier to retrieve a 

group of positioning data from a database , selecting a subset 
The background description provided herein is for the in the group of positioning data using the specific charac 

purpose of generally presenting the context of the disclo- 35 teristic , and determining position information of the wireless 
sure . Work of the presently named inventors , to the extent device using the selected subset of positioning data . 
the work is described in this background section , as well as According to an aspect of the disclosure , the method 
aspects of the description that may not otherwise qualify as includes selecting the subset in the group of positioning data 
prior art at the time of filing , are neither expressly nor based on the specific characteristic . In an embodiment , the 
impliedly admitted as prior art against the present disclo- 40 method comprises selecting a subset if the specific charac 

teristic is inside the boundaries of a group of positioning 
A modern wireless device can incorporate functions of a data . The subset can be selected when the specific charac 

satellite positioning system receiver , of a cellular trans teristic is inside the boundaries of a subset . In another 
ceiver , or of a wireless transceiver . When a wireless device embodiment , the method comprises determining a subset if 
functions as a satellite positioning system receiver , the 45 the specific characteristic is outside the boundaries of a 
wireless device can specify a device's position by use of group of positioning data . The subset can be determined 
only signals from satellites . Satellite based positioning can based on calculating the closeness between the specific 
provide high accuracy , but require a positive line of sight characteristic and the characteristics in the group of posi 
between satellites and the wireless device . Further , receiving tioning data . 
and processing satellite positioning signals may consume 50 According to an aspect of the disclosure , the method 
substantial energy and hence shorten battery duration . includes determining position information of the wireless 

A device can communicate wirelessly with a wireless device based on the selected subset of positioning data . In an 
communication network by employing radio frequency ( RF ) embodiment , the method comprises determining position 
field propagation . The radio frequency , a frequency within information of the wireless device based on weigh - averag 
the electromagnetic spectrum associated with radio wave 55 ing position information in the selected subset of the posi 
propagation , is supplied to an antenna that creates an elec tioning data if the specific characteristic is inside the bound 
tromagnetic field that propagates through space . A compo aries of a group of positioning data . In another embodiment , 
nent of a wireless communication network can be a wireless the method comprises determining position information of 
station , for example , a cellular base station of a cellular the wireless device based on averaging positioning infor 
network , or an access point of a wireless local area network 60 mation in the selected subset of the positioning data if the 
( LAN ) or a wireless personal area network ( PAN ) . The specific characteristic is outside the boundaries of a group of 
wireless station can allow a wireless device to communicate positioning data . 
with a wired network through an access gateway . Typically , Aspects of the disclosure provide an apparatus that 
the wireless station broadcasts a beacon signal providing key includes a storage medium and a processor . The storage 
information necessary for wireless devices to connect to it . 65 medium is configured to store a database of positioning data . 
A wireless station can serve wireless devices located in a Each positioning data can associate position information of 
geographic area . When a wireless device functions as a a location with an identifier of a wireless station for pro 

sure . 
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viding wireless connection at the location and a character station device for providing wireless connection at the 
istic of a wireless signal received at the location . The location and a characteristic of a wireless signal received at 
processor is configured to receive a position request from a the location . The processor is configured to receive a posi 
wireless device that receives an identifier and a specific tion request from a wireless device that receives n identifiers 
characteristic of a wireless signal from a specific wireless 5 and n characteristics of wireless signals from n wireless 
station , identify the specific wireless station using the iden stations , identify the n wireless stations using the n identi 
tifier to retrieve a group of positioning data from a database , fiers to retrieve the n groups of positioning data from a 
select a subset in the group of positioning data using the database , select the n subsets in the n groups of positioning 
specific characteristic , and determine position information data using the n characteristics , calculate the n locations 
of the wireless device using the selected subset of position- 10 using the n selected subsets of positioning data , exclude 
ing data . outliers from a set of the n locations when outliers whose 

Aspects of the disclosure provide another method . The distances to the average location exceed a threshold , and 
method includes providing a database of positioning data , determine the position information of the wireless device each positioning data associating position information of a based on averaging the n locations at the most . 
location with an identifier of a wireless station for providing 15 Aspects of the disclosure provide another apparatus that 
wireless connection at the location and a characteristic of a includes a processor . The processor is configured to define a 
wireless signal received at the location , receiving a position plurality of subsets for a group of positioning data , each 
request from a wireless device that receives n identifiers and subset including clustering boundaries , calculate a value of 
n characteristics of wireless signals from n wireless stations cumulative distribution function for each subset using popu 
( n is a positive integer ) , identifying n wireless stations using 20 lation distribution in each subset , reset clustering boundaries 
the n identifiers to retrieve n groups of positioning data from of a subset when the value of cumulative distribution 
a database , selecting n subsets in the n groups of positioning function reaches over a threshold , and update clustering 
data using the n characteristics , calculating n locations using boundaries of a subset in a wireless station information 
the n selected subsets of positioning data , excluding outliers table . 
from a set of the n locations when outliers whose distances 25 According to an aspect of the disclosure , to reset the 
to the average location exceed a threshold , and determining clustering boundaries of the subset when the requirement is 
position information of the wireless device based on aver satisfied , the processor is configured to reset a value of 
aging the n locations at the most . cumulative distribution function for a subset to determine 

According to an aspect of the disclosure , the method clustering boundaries of a subset . 
includes selecting , for each identified wireless station , when 30 
the characteristic is inside the boundaries of a group of BRIEF DESCRIPTION OF THE DRAWINGS 
positioning data , a subset when the characteristic is inside 
the boundaries of the oset , and determining the subset Various embodiments of this disclosure that are proposed 
when the received characteristic is outside the boundaries of as examples will be described in detail with reference to the 
the group of positioning data . 35 following figures , wherein like numerals reference like 

According to an aspect of the disclosure , for each iden elements , and wherein : 
tified wireless station , the method includes weigh - averaging FIG . 1 shows a diagram of a positioning system example 
position information in the selected subset of positioning according to an embodiment of the disclosure ; 
data when the received characteristic is inside the boundar FIG . 2 shows a flowchart outlining a process example for 
ies of a group of positioning data , and averaging position 40 positioning according to an embodiment of the disclosure ; 
information in the selected subset of positioning data when FIG . 3 shows an example for positioning data according 
the received characteristic is outside the boundaries of a to an embodiment of the disclosure ; and 
group of positioning data . FIG . 4 shows a block diagram of a server example 

According to an aspect of the disclosure , to exclude according to an embodiment of the disclosure . 
outliers from a set of the n locations , the method includes 45 
determining the average location based on averaging a set of DETAILED DESCRIPTION OF EMBODIMENTS 
the n locations , and determining the threshold value based 
on a threshold percentage of sets of the n locations to be FIG . 1 shows a diagram of a positioning system example 
included . 100 according to an embodiment of the disclosure . As 

Aspects of the disclosure provide another method . The 50 illustrated , system 100 includes a plurality of components , 
method includes defining a plurality of subsets for a group each of which acts to provide specific functionality . These 
of positioning data , each subset including clustering bound components include software which is stored in a storage 
aries , calculating a value of cumulative distribution function and then executed on a processor to provide the function 
for each subset using population distribution in each subset , ality , hardware which is adapted to provide the component's 
resetting clustering boundaries of a subset when a value of 55 functionality , or a combination of software and hardware 
cumulative distribution function reaches over a threshold , which is working together to provide the component's 
and updating clustering boundaries of a subset in wireless functionality . The depicted geometry may be adapted to 
station information table . illustrate any one of the exemplary diagrams with reference 

According to an aspect of the disclosure , to reset cluster to FIGS . 2 through 4 , or any number of other processes 
ing boundaries of a subset , the method includes resetting a 60 within the scope of this disclosure . 
value of cumulative distribution function for a subset to The system 100 includes a network 101 , a positioning 
determine clustering boundaries of a subset . server 110 , and a plurality of wireless devices , such as 

Aspects of the disclosure provide another apparatus . The wireless devices 150 and 160. The network 101 includes a 
apparatus includes a storage medium and a processor . The plurality of wireless stations 105 , such as wireless stations 
storage medium is configured to provide a database of 65 WS - A to WS - C , configured to communicate with the wire 
positioning data . Each positioning data associates position less devices via wireless signals . The positioning server 110 
information of a location with an identification of a wireless stores a database of previously obtained positioning data . 
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Each positioning data can associate position information of less device 160 can identify access points WS - A to WS - C 
a location with fingerprints of wireless communication at the under the wireless communication protocol used in a WiFiTM 
location . The fingerprints of wireless communication network . Access points WS - A to WS - C can be identified by 
include an identifier of a wireless station that covers wireless MAC addresses of the access points . Access point WS - A can 
communication at the location and a characteristic of a 5 relay the transmission , by providing communication access 
wireless signal received at the location . Further , the posi to a WAN , such as the Internet , to the positioning server 110 . 
tioning server 110 can determine a position of a wireless According to another embodiment of the disclosure , the 
device based on a subset of the positioning data that is wireless stations 105 include a first plurality of cellular base 
selected according to fingerprints of wireless communica stations in a cellular network , and a second plurality of 
tion at the wireless device . 10 access points in a wireless LAN . As shown in FIG . 1 

The network 101 includes a single network or a plurality example , the wireless device 160 can be wireless - connected 
of networks of the same or different types . In an example , to cellular base station WS - A , and the cellular base station 
the network 101 includes a fiber optic network in connection WS - A can be the serving base station for the wireless device 
with a cellular network . Further , the network 101 can be a 160. The serving base station WS - A can provide the wireless 
data network or a telecommunications or video distribution 15 device 160 with telephony services and / or network ( e.g. , 
( e.g. cable , terrestrial broadcast , or satellite ) network in Internet ) access . While the wireless device 160 is connected 
connection with a data network . Any combination of tele to serving base station WS - A , wireless device may receive 
communications , video / audio distribution and data net beacon signals from access points WS - B and WS - C . 
works , whether a global , national , regional , wide - area , local The wireless devices can be any type of mobile devices , 
area , or in - home network , can be used without departing 20 such as laptop computer , tablet computer , smart phone , 
from the spirit and scope of the disclosure . wearable electronic device , and the like that are configured 

According to an embodiment of the disclosure , the wire to communicate with the wireless stations 105 using wire 
less stations 105 can be cellular base stations in a cellular less signals . A wireless device can include hardware includ 
network . Each wireless station 105 is configured according ing , but not limited to , a processor and memory for execut 
to various cellular technologies , such as global system for 25 ing and storing instructions , software including one or more 
mobile ( GSM ) , code division multiple access ( CDMA ) , applications and an operating system . The wireless device 
wideband code division multiple access ( WCDMA ) , long may have multiple processors and multiple shared or sepa 
term evolution ( LTE ) and the like to use radio frequency rate memory components . In an example , a wireless device 
signals to communicate with the wireless devices . The is portable by a person . In an example , a wireless device is 
cellular base station of a cellular network can broadcast a 30 installable on a vehicle . 
beacon signal providing an identifier ( e.g. , cell global iden The positioning server 110 includes a plurality of com 
tifier ) for a plurality of wireless devices to connect to it when ponents for position determination . As shown in FIG . 1 
the wireless devices are within a communication range of example , the positioning server 110 includes a processor 111 
the cellular base station . In turn , a plurality of cellular base and a storage medium 114. In an example , the positioning 
stations may be available to a wireless device . As shown in 35 server 110 can include more than one processors and storage 
FIG . 1 example , wireless device 160 can be connected to media . In an example , the positioning server 110 is imple 
cellular base station WS - A , and cellular base station WS - A mented using a distributed system that includes multiple 
can be a serving base station for the wireless device 160. The processors , and / or multiple storage media coupled together 
serving base station WS - A can provide the wireless device by a network . The storage medium 114 stores positioning 
160 with telephony services and / or can relay the transmis- 40 data 130. The positioning data can associate locations with 
sion , by providing communication access to a wide area wireless fingerprints , such as identifiers of the wireless 
network ( WAN ) , such as the Internet , by use of a gateway , stations 105 and wireless signal characteristics . In addition , 
to the positioning server 110. While the wireless device 160 the storage medium 114 stores various software instructions , 
is wireless - connected to the serving base station WS - A , the such as a server application for positioning . In an example , 
wireless device 160 may receive beacon signals from neigh- 45 the processor 111 executes the server application to provide 
boring base stations WS - B and WS - C . positioning service . 

According to another embodiment of the disclosure , the According to an aspect of the disclosure , the wireless 
wireless stations 105 can be access points in a wireless local devices are installed with a client application for position 
area network ( LAN ) or a wireless personal area network ing . In an example , a wireless device with the client appli 
( PAN ) . Each wireless station 105 is configured according to 50 cation installed provides positioning data to the positioning 
various communication protocols , such as an Institute of server 110. In another example , a wireless device with the 
Electrical and Electronics Engineers ( IEEE ) 802.11 based client application requests positioning service from the 
protocol ( e.g. , WiFiTM network ) or an IEEE 802.15 based positioning server 110 . 
protocol ( e.g. , BluetoothTM network ) , to use radio frequency In the FIG . 1 example , the wireless device 160 includes a 
signals to communicate with the wireless devices . The 55 plurality of components , such as an antenna 169 , a receiving 
access point can broadcast a beacon signal providing an circuit ( not shown ) , a transmitting circuit ( not shown ) , a 
identifier ( e.g. , medium access control ( MAC ) address ) for processor ( not shown ) , and the like , to enable wireless 
a plurality of wireless devices to connect to it when wireless communication with the wireless stations 105. In addition , 
devices are within a communication range of the access the wireless device 160 is installed with a satellite position 
point . In turn , a plurality of access points can be available to 60 ing system , such as a global positioning system ( GPS ) 161 , 
a wireless device for connection . Those identifiers need not and a client application 162 for positioning . In an example , 
be associated with access points to which wireless device is the GPS 161 includes a receiver ( not shown ) to receive 
connected or can connect . All identifiers of the access points signals from four or more satellites . The signals include 
retrieved by wireless device can be used in the position transmission timing information and satellite location infor 
estimate . As shown in FIG . 1 example , wireless device 160 65 mation . Based on the received signals , the GPS 161 calcu 
is located within a communication range of assess point lates distances to the satellites . Then , the distances to the 
WS - A in addition to access points WS - B and WS - C . Wire satellites and the satellite location information are used to 
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determine the location of the wireless device 160. Position circuit ( not shown ) , a processor ( not shown ) , and the like , to 
information of the location relates generally to geographic enable wireless communication with the wireless stations 
coordinates that include a latitude coordinate , a longitude 105. In addition , the wireless device 150 is installed with a 
coordinate , and an altitude coordinate of wireless device client application 152 for positioning . In an example , the 
160. In an example , position information of the location is 5 wireless device 150 does not have a GPS , but has a need of 
represented as a pair of a latitude coordinate and a longitude knowing its position . 
coordinate . According to an aspect of the disclosure , at a position 

The client application 162 enables the wireless device 160 when a user of the wireless device 150 want to know the 
to communicate with the positioning server 110. In an position , the user instructs the client application 152 via a 
embodiment , a user of the wireless device 160 turns on the 10 user interface . Then , the client application 152 causes the 
GPS 161 to allow the wireless device 160 to provide wireless device 150 to send a message according to a 
direction information on the trip . When the GPS 161 is network communication protocol to the positioning server 
turned on , the client application 162 requests a permission 110. The message carries a position request . The wireless 
by the user , for example via a user interface , to provide device 150 can provide wireless fingerprints , such as an 
positioning data to the positioning server 110 . 15 identifier of a wireless station in communication with the 
When the user permits the request via the user interface , wireless device 150 , a value of RSSI for a wireless signal 

the client application 162 provides information to form received at the location , and the like , to the positioning 
positioning data in the positioning server 110. In an server 110 in the same message or in a different message . In 
example , at a location , the client application 162 obtains an embodiment , when the positioning server 110 receives 
position information ( e.g. , latitude and longitude ) from the 20 the position request from the wireless device 150 , the 
GPS 161. Further , the client application 162 obtains finger positioning server 110 identifies the wireless station that is 
prints of wireless communication at the location , such as in communication with the wireless device 150. The posi 
identifiers of wireless stations 105 that is in wireless com tioning server 110 retrieves a group of positioning data 
munication with the wireless device 160 and characteristics associated with the wireless station . Further , the positioning 
of wireless signals at the location . In an example , the client 25 server 110 selects a subset in a group of the positioning data 
application 162 obtains a received signal strength indicator for the wireless station that has similar signal characteristic 
( RSSI ) as characteristic of a wireless signal received at the ( e.g. , RSSI value in a same range ) as the wireless device 150 
location . Further , the client application 162 prepares a at its location . Then , the positioning server 110 determines 
message to the positioning server 110 according to a net a position of the wireless device 150 based on the selected 
work communication protocol ( e.g. , software for imple- 30 subset in the group of positioning data . The position infor 
menting communication protocol , such as the Transmission mation is represented as a pair of a latitude coordinate and 
Control Protocol / Internet Protocol ( TCP / IP ) , Hypertext a longitude coordinate . In an example , the positioning server 
Transfer Protocol ( HTTP ) , etc. ) . The message carries infor 110 calculates an average , or a weighted average of locations 
mation to form a positioning data , such as the position as a position result from the subset in the group of position 
information , an identifier of a wireless station and a char- 35 ing data . In the example , the positioning server 110 sends a 
acteristic of a wireless signal received at the location from responding message carrying the position result to the 
the wireless station . Then , the wireless device 160 sends a wireless device 150 according to a network communication 
wireless signal corresponding to the message to the wireless protocol . 
station and the wireless station forwards the message to the According to an aspect of the disclosure , the positioning 
positioning server 110 via the network 101. When the user 40 data associated with a wireless station are clustered into 
with the wireless device 160 moves on the trip , at different subsets according to signal characteristics , such as RSSI 
locations , the wireless device 160 have different wireless values . In an example , RSSI values are ranged from 0 to 100 . 
fingerprints , such as in communication with different wire The positioning data are clustered into a first subset with 
less stations , having different values of RSSI , and the like . RSSI values from 0 to 33 , a second subset with RSSI values 
The wireless device 160 can provide position information 45 from 34 to 66 , and a third subset with RSSI values from 67 
associated with wireless fingerprints at the different loca to 100. In another example , a maximum RSSI in the group 
tions on the trip to the positioning server 110. In an example , is 90 , and a minimum RSSI in the group is 10. The 
when the positioning server 110 receives a message carrying positioning data are clustered into a first subset with RSSI 
information to form a positioning data , the positioning values from 10 to 30 , a second subset with RSSI values from 
server 110 retrieves from the message the position informa- 50 31 to 50 , a third subset with RSSI values from 51 to 70 , and 
tion and the associated wireless fingerprints , such as an a fourth subset with RSSI values from 71 to 90. In another 
identifier of a wireless station and a value of RSSI , forms a example , the positioning data are clustered into multiple 
positioning data that can associate position information with subsets according to the RSSI values to have relatively 
wireless fingerprints , and stores the positioning data in the uniform population of positioning data in each subset . 
storage medium 114 . FIG . 2 shows a flowchart outlining a process example 200 

According to an aspect of the disclosure , various wireless for positioning according to an embodiment of the disclo 
devices are similarly configured as the wireless device 160 sure . The process 200 will be described in reference to the 
to send messages carrying information to form positioning positioning system 100 and is executed in the positioning 
data from different locations . The positioning server 110 system 100. The process starts at S201 and proceeds to 
receives the messages , form positioning data and stores the 60 S210 . 
positioning data in the storage medium 114. The positioning At S210 , a server receives a position request from a 
data are stored in a positioning database . Based on the wireless device . In the FIG . 1 example , a user instructs the 
positioning database , the positioning server 110 provides wireless device 150 for current position via a user interface . 
positioning service to another wireless device , such as the The client application 152 sends a message carrying a 
wireless device 150. In the FIG . 1 example , the wireless 65 position request to the positioning server 110 according to a 
device 150 includes a plurality of components , such as an network communication protocol via the network 101. Spe 
antenna 159 , a receiving circuit ( not shown ) , a transmitting cifically , the wireless device 150 transmits a wireless signal 

55 
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corresponding to the message to a wireless station 105. The subset . If the received RSSI value is outside the boundaries 
wireless station 105 processes the wireless signal to obtain of a group of positioning data , a subset is determined based 
the message , and forwards the message to the positioning on calculating the closeness between the received RSSI 
server 110. The message includes wireless fingerprints . In an value and the RSSI values in the group of positioning data . 
example , the wireless device 150 communicates with an At S250 , the server determines position information of the 
access point in a wireless LAN , the wireless device 150 wireless device based on the selected subset of positioning 
includes a media access control ( MAC ) address of the access data . The position information includes the determined 
point in the message . In another example , the wireless position of the wireless device and the estimated uncertainty 
device 150 communicates with a cellular base station in a value associated with the determined position . In an 
cellular network , the wireless device 150 includes cell 10 example , the positioning server 110 determines if the 
global identifier of the cellular base station in the message . received RSSI value is inside the boundaries of a group of 
The cell global identifier includes a mobile country code positioning data , the position of the wireless device based on 
( MCC ) , a mobile network code ( MNC ) , a local area code weigh - averaging position information in the selected subset 
( LAC ) , and a cell identifier ( Ci ) . of positioning data when the received RSSI value is inside 

At S220 , the server requests wireless fingerprints from the 15 the boundaries of a subset . In another example , the posi 
wireless device . In an example , the positioning server 110 tioning server 110 determines if the received RSSI value is 
determines a positioning method based on information in the outside the boundaries of a group of positioning data , the 
received message . In an example , when the information in position of the wireless device based on averaging position 
the received message indicates a cellular network , the posi information in the determined subset of positioning data . 
tioning server 110 determines to use a first method opti- 20 Based on the determined position of the wireless device , the 
mized for positioning in the cellular network ; and when the positioning server 110 calculates an uncertainty value asso 
information in the received message indicates a wireless ciated with the determined position . 
LAN , the positioning server 110 determines to use a second At S260 , the server provides the position information to 
method optimized for positioning in the wireless LAN . In an the wireless device . The positioning server 110 sends a 
example , the positioning server 110 can include other posi- 25 message according to a network communication protocol to 
tioning methods , such as a third method for a hybrid wireless the wireless device 150. The message carries the determined 
network , a fourth method using LAC to determine position . position information for the wireless device 150. When the 
Then , the positioning server 110 sends a message to the wireless device 150 receives wireless signal corresponding 
wireless device 150 to inform the determined method , and to to the message from the wireless station , the wireless device 
request wireless fingerprints according to the determined 30 150 processes the wireless signal to obtain the position 
method . information , the client application 152 provides the position 

At S230 , the server receives wireless fingerprints from the information to the user via the user interface . The wireless 
wireless device . In an embodiment , when the wireless device 150 can optionally display the position information 
device 150 receives a message from the positioning server as a circle on a map . The center of a circle can be the 
110 informing the method , the wireless device 150 provides 35 determined position of the wireless device . The estimated 
wireless fingerprints to the positioning server 110 through a uncertainty value associated with the determined position 
network communication protocol . In an example , when the can be represented as radius of a circle . The center of the 
message informs the first method , the wireless device 150 circle does not coincide with the physical geographic posi 
provides an identifier ( i.e. , a MCC , MNC , LAN and Ci ) of tion of the wireless device that is within an area encom 
a cellular base station in communication with the wireless 40 passed by a circle . The process proceeds to S299 and 
device 150 and a RSSI value of wireless signal received by terminates . 
the wireless device 150 from the cellular base station , to the One skilled in the art would recognize that the flowchart 
positioning server 110. When the message informs the of FIG . 2 may be used to determine the position information 
second method , the wireless device 150 provides a MCC , an when the wireless device 150 is at a location in coverage 
MAC address of an access point in communication with the 45 overlapping area of multiple wireless stations . In a wireless 
wireless device 150 , and a RSSI value of wireless signal LAN example , a wireless device 150 at particular place 
received by the wireless station 150 from the access point , ( e.g. , an airport ) may frequency - scan to retrieve wireless 
to the positioning server 110. When the message informs the fingerprints from a plurality of wireless stations ( e.g. , at least 
third method , the wireless device 150 provides cumulated one to twenty access points ) within a communication range 
information in the first method and the second method to the 50 of the wireless device . Wireless device 105 may be capable 
positioning server 110. When the message informs the fourth of connecting to fewer access points than are within range 
method , the wireless device 150 does not need to provide ( due to , for example , security setting of the access points and 
information . wireless device ) . Wireless device 105 may be actively 
At S240 , the server selects a subset of positioning data connected to one or multiple access points , or no access 

based on the wireless fingerprints . In an example , the 55 points at all . Regardless of whether the wireless device 105 
positioning server 110 identifies the wireless station using is connected to the access point , all identifiers of the access 
the identifier to retrieve a group of positioning data from a points retrieved by wireless device can be used in position 
database . The group is clustered into a plurality of subsets determination . 
according to boundaries of RSSI values . The boundaries can At S210 , the positioning server 110 can receive a position 
be fixed boundaries or can be dynamically adjustable . In an 60 request from a wireless device 150. At S230 , the positioning 
example , the boundaries are fixed boundaries that divide the server 110 can receive n identifiers ( n is a positive integer ) 
space of the RSSI values . In another example , the bound and n RSSI values from n wireless stations . At S240 , the 
aries are dynamically adjusted to maintain relatively uni positioning server 110 can identify the n wireless stations 
form populations across the subsets . If the received RSSI using the n identifiers to retrieve the n groups of positioning 
value is inside the boundaries of a group of positioning data , 65 data from a database . After that , the positioning server 110 
a subset in the group of positioning data can be selected can select the n subsets in the n groups of positioning data 
when the received RSSI value is inside the boundaries of the using the n RSSI values . At S250 , the positioning server 110 



US RE48,160 E 
11 12 

can calculate the n locations using the n selected subsets of association with a RSSI value ( e.g. , 20 ) received from the 
positioning data , exclude outliers from the n locations , and wireless station WS - B at the third location . 
determine position information of the wireless device based In an embodiment of the disclosure , the positioning data 
on averaging the n locations at the most . can be stored in a database of any suitable format . In an 

The positioning server 110 can apply a bounding box 5 example , the positioning data are stored in a format to 
process to exclude outliers from a set of the n locations . In facilitate extracting a group of data for a wireless station and 
an example , the bounding box can be determined by extreme to facilitate extracting a subset of data of a specific signal 
points ( e.g. , easternmost , westernmost , northernmost , and characteristic . A group of positioning data for a wireless 
southernmost points ) as a rectangular area that contains a station is clustered into subsets according to clustering 
location as a center of the rectangular area . The location is 10 boundaries stored in a wireless station information table . In an example , the first wireless station information table determined by averaging a set of the n locations . The is for a cellular network that includes 23 fields for each entry extreme points within the boundaries of the bounding box to store clustering information . Each entry in the first are determined using a set of the n locations . For example , wireless station information table corresponds to clustering the bounding box can have a northern and a southern 15 information for a group of positioning data associated with boundary respectively that is delineated by the latitude a cellular base station in the cellular network . The group of 
coordinate of the average location within which a 95 percent positioning data is clustered into three subsets according to 
( e.g. , 95 percent to reflect a confidence of estimate ) of RSSI values . The 23 fields are ( 1 ) an identification of the 
latitude coordinate of the n locations are encompassed . The cellular technology type ( Id ) , ( 2 ) mobile country code 
bounding box can have an eastern and a western boundary 20 ( MCC ) , ( 3 ) mobile network code ( MNC ) , ( 4 ) local area code 
respectively that is delineated by the longitude coordinate of ( LAC ) , ( 5 ) cell identifier ( Ci ) , ( 6 ) latitude of the cellular base 
the average location within which a 95 percent of longitude station ( Lat ) , ( 7 ) longitude of the cellular base station ( Lon ) , 
coordinate of the n locations are encompassed . Defining a ( 8 ) uncertainty errors for the group of positioning data 
threshold to be a length that corresponds to the longest ( Uncert Error ) , ( 9 ) the total number of data in the group of 
distance between two extreme points in the bounding box . 25 positioning data ( Data Num ) , ( 10 ) uncertainty errors for the 
The positioning server 110 calculates a distance between the first subset of positioning data ( Uncert1 ) , ( 11 ) the number of 
average location and each location in the set and identifies data in the first subset of positioning data ( Data Numl ) , ( 12 ) 
outliers if outliers whose distances to the average location uncertainty errors for the second subset of positioning data 
exceed a threshold can be excluded from the set . Outliers ( Uncert2 ) , ( 13 ) the number of data in the second subset of 
can be locations in the set that are located farthest from the 30 positioning data ( Data Num2 ) ( 14 ) uncertainty errors for the 
average location . The n locations may be excluded one or third subset of positioning data ( Uncert3 ) , ( 15 ) the number 
more locations , or no locations at all . of data in the third subset of positioning data ( Data Num3 ) , 

After the positioning server 110 has excluded outliers ( 16 ) coverage range ( Cover Range ) , ( 17 ) RSSI threshold 
from a set of the n locations , it determines position infor ( RSSI Thrshld ) , ( 18 ) a first RSSI boundary value ( RSSI ) , 
mation of the wireless device based on averaging the n 35 ( 19 ) a second RSSI boundary value ( RSS2 ) , ( 20 ) a third 
locations at the most and calculates an estimated uncertainty RSSI boundary value ( RSS3 ) , ( 21 ) a fourth RSSI boundary 
value associated with the determined position . At S260 , the value ( RSS4 ) , ( 22 ) the most recent inquiry time ( Inquiry 
positioning server 110 provides the position information to Time ) and ( 23 ) the most recent update time ( Update Time ) . 
the wireless device 105 . In the example , the first subset of positioning data for the 

FIG . 3 shows an example for positioning data according 40 group have RSSI values between the first RSSI boundary 
to an embodiment of the disclosure . The positioning data are value and the second RSSI boundary value ; the second 
stored in the format of a table 330. The table 330 includes subset of positioning data for the group have RSSI values 
a first field 332 for location and a second field 336 for between the second RSSI boundary value and the third RSSI 
wireless fingerprints . In the FIG . 3 example , the location is boundary value ; the third subset of positioning data for the 
represented as a pair of a latitude coordinate and a longitude 45 group have RSSI values between the third RSSI boundary 
coordinate , and the wireless fingerprints are represented as value and the fourth RSSI boundary value ; and a group of 
an identifier of a wireless station and a RSSI value received positioning data has RSSI values between the first RSSI 
from the wireless station at the location . boundary and the fourth RSSI boundary value . 

For example , at a first location ( LOCATION 1 ) , a wireless In another example , the second wireless station informa 
device can receive a wireless signal from the wireless station 50 tion table is for a wireless LAN that includes 18 fields for 
WS - A . Then , in a positioning data , the first field stores each entry to store clustering information . Each entry in the 
latitude ( LAT - 1 ) and longitude ( LON - 1 ) for the first loca second wireless station information table corresponds to 
tion , and the second field stores the fingerprints of a wireless clustering information for a group of positioning data asso 
signal that includes an identifier of the wireless station ciated with an access point in the wireless LAN . The group 
WS - A and a RSSI value ( e.g. , 50 ) received from the wireless 55 of positioning data is clustered into two subsets according to 
station WS - A at the first location . In an example , a wireless RSSI values . The 18 fields are ( 1 ) an identification of 
device may receive wireless signals from more than one wireless LAN type ( Id ) , ( 2 ) mobile country code ( MCC ) , ( 3 ) 
wireless station . For example , at a third location ( LOCA media access control address ( MAC ) , ( 4 ) latitude of the 
TION 3 ) , a wireless device can receive wireless signals from access point ( Lat ) , ( 5 ) longitude of the access point ( Lon ) , 
both the wireless station WS - A and the wireless station 60 ( 6 ) uncertainty errors for the group of positioning data 
WS - B . Then , in a positioning data , the first field stores ( Uncert Error ) , ( 7 ) the total number of data in the group of 
latitude ( LAT - 3 ) and longitude ( LON - 3 ) for the third loca positioning data ( Data Num ) , ( 8 ) uncertainty errors for the 
tion , and the second field stores the fingerprints of the first subset of positioning data ( Uncert1 ) , ( 9 ) the number of 
wireless signals that includes the identifier of the wireless data in the first subset of positioning data ( Data Numl ) , ( 10 ) 
station WS - A in association with a RSSI value ( e.g. , 40 ) 65 uncertainty errors for the second subset of positioning data 
received from the wireless station WS - A at the third loca ( Uncert2 ) , ( 11 ) the number of data in the second subset of 
tion , and the identifier of the wireless station WS - B in positioning data ( Data Num2 ) , ( 12 ) coverage range ( Cover 
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Range ) , ( 13 ) RSSI threshold ( RSSI Thrshld ) , ( 14 ) a first During operation , in an embodiment , the data retriever 
RSSI boundary value ( RSS1 ) , ( 15 ) a second RSSI boundary 411 includes a reception module 412 that is configured to 
value ( RSS2 ) , ( 16 ) a third RSSI boundary value ( RSS3 ) , receive position request message from wireless device 
( 17 ) the most recent inquiry time ( Inquiry Time ) and ( 18 ) the through wireless station . The wireless device is in commu 
most recent update time ( Update Time ) . In the example , the 5 nication with a wireless station in a network to send the 
first subset of positioning data for the group have RSSI message according to a network communication protocol to 
values between the first RSSI boundary value and the second direct the message to the positioning server 410. The recep 
RSSI boundary value ; the second subset of positioning data tion module 412 processes the message and extracts wireless 
for the group have RSSI values between the second RSSI fingerprint information , such as an identifier of the wireless 
boundary value and the third RSSI boundary value ; and a 10 station , a signal characteristic ( e.g. , a RSSI value of received 

by the wireless device from the wireless station ) , and the like group of positioning data has RSSI values between the first from the message . RSSI boundary and the third RSSI boundary value . The data retriever 411 further includes a mapping module According to an aspect of the disclosure , the database of 413 that is configured to receive the wireless fingerprint positioning data is updated frequently , such as in real - time , 15 information from reception module 412. The mapping mod 
or at a particular time , or during a particular time period , or ule 413 uses the wireless fingerprints ( i.e. , an identifier of the daily . The population distribution of the positioning data wireless station ) as index to search the wireless station 
may vary . In an embodiment , a positioning server , such as information table 461 for clustering information of a group 
the positioning server 110 , is configured to dynamically of positioning data for the wireless station . In a cellular 
adjust the clustering boundaries to maintain relatively uni- 20 network example , MCC , MNC , LAC , and Ci can be 
form population across the subsets . regarded as index to search the first wireless station infor 

FIG . 4 shows a block diagram of a positioning server mation table for clustering information of a group of posi 
example 410 according to an embodiment of the disclosure . tioning data for the wireless station . In a wireless LAN 
As illustrated , server 410 includes a plurality of elements , example , MCC and MAC can be regarded as index to search 
each of which acts to provide specific functionality . These 25 the second wireless station information table for clustering 
elements include software which is stored in a memory and information of a group of positioning data for the wireless 
then executed on a processor to provide the functionality , station . After the mapping module 413 has retrieved the 
hardware which is adapted to provide the element’s func clustering information of a group of positioning data for the 
tionality , or a combination of software and hardware which wireless station , it relays information to a data processor 
is working together to provide the element's functionality . 30 421 . 

The positioning server 410 is configured to dynamically The data processor 421 includes a retrieval module 423 
adjust the clustering boundaries to perform cluster alloca that is configured to receive the clustering information of a 
tion . The positioning server 410 includes a data retriever group of positioning data for the identified wireless station . 
411 , a data processor 421 , a location estimator 431 , a data This set of information allows the retrieval module 423 to 
manager 451 , a wireless station information table 461 , and 35 extract the group of positioning data from the database 471 . 
a database 471. These elements are coupled together as The retrieval module 423 may include a memory that stores 
shown in FIG . 4 . the group of position data . The retrieval module 423 pro 

The database 471 stores previously obtained positioning vides an interface through which a database 471 can provide 
data . In an example , each positioning data stores position the group of position data for the identified wireless station . 
information ( e.g. , latitude and longitude ) for a location in 40 The data processor 421 further includes a clustering 
association with wireless fingerprints ( e.g. , an identifier of a module 422 that is configured to receive the clustering 
wireless station , and a RSSI value received from the wireless information of a group of positioning data for the identified 
station ) at the location . The database 471 can be organized wireless station , the group of positioning data , and the 
under a hierarchical folder structure , the folders mapping to wireless fingerprint information . A group of positioning data 
directories in the file system . 45 for a wireless station can be clustered into subsets according 

The data manager 451 includes a cluster allocation mod to clustering boundaries . Each subset includes one or more 
ule 452 that is configured to dynamically adjust clustering positioning data . The clustering module 422 can select a 
boundaries of subsets in each group . In an embodiment , the subset in the group of positioning data based on the wireless 
cluster allocation module 452 dynamically adjusts the clus fingerprints ( i.e. , a RSSI value ) . If the received RSSI value 
tering boundaries such that the subsets of the group have 50 is inside the boundaries of a group of positioning data , a 
relatively uniform population . In an example , the cluster subset in the group of positioning data is selected when the 
allocation module 452 determines a value of a cumulative received RSSI value is inside the boundaries of the subset . 
distribution function ( CDF ) for each subset . The CDF is If the received RSSI value is outside the boundaries of a 
calculated based on the population distribution in each group of positioning data , a subset can be determined based 
subset . When the CDF for the subsets reaches below a 55 on calculating the closeness between the received RSSI 
threshold value , the subsets are configured to possibly have value and the RSSI values in the group of positioning data . 
uniform population , and when the CDF for one or more The closeness can be calculated by exponential decay 
subsets reaches over a threshold value , the cluster allocation model . In an example , the determined subset can be a subset 
module 452 using suitable algorithms determines the RSSI with the most similar signal characteristics as the received 
boundary values to achieve relatively uniform population 60 signal characteristic , and includes at least one or more 
across the subsets for the group , and updates RSSI boundary positioning data . After the clustering module 422 has 
values in an entry for the group in a wireless station selected a subset of positioning data for the identified 
information table 461. The wireless station information table wireless station , it relays information to the location esti 
461 includes the first wireless station information table that mator 431 . 
is for a cellular network . The wireless station information 65 The location estimator 431 includes a position module 
table 461 further includes the second wireless station infor 432 that is configured to use the selected subset of position 
mation table that is for a wireless LAN . ing data to determine the position of the wireless device . The 
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position module 432 can use suitable algorithms to estimate outliers from the n locations provided by the position 
the position of the wireless device . In an example , when the module 432. A bounding box process can be used to exclude 
received RSSI value is inside the boundaries of a group outliers from a set of the n locations . The bounding box can 
positioning data , the position module 432 can calculate the be a rectangular area that is determined by extreme points 
position of the wireless device using the previously obtained 5 ( e.g. , easternmost , westernmost , northernmost , and south 
locations in the selected subset of positioning data . The ernmost points ) . The bounding box contains a location as a position determination includes assigning a weight to each center of the rectangular area . The location can be deter of the locations and averaging the weighted locations to mined by averaging the n locations in the set . Defining a determine a position of the wireless device . Assigning a threshold to be a length that corresponds to the longest weight to each of the locations can include assigning a distance between two extreme points in the bounding box . weight to each of the latitudes and the longitudes of the The position filtering module 433 can calculate a distance locations . The weight of a location can be determined by a 
received RSSI value to the RSSI values in the selected between the average location and each location in the set and 
subset of positioning data . Calculating the average location identify outliers if outliers whose distances to the average 

location exceed a threshold can be excluded from the set . can include calculating an average of weighted latitudes and 15 
an average of weighted longitudes of locations , and desig The n locations may be excluded one or more locations , or 
nating a position at the calculated average latitude and the no locations at all . Outliers can be locations in the set that 
calculated average longitude as the position result for the are located farthest from the average location . 
wireless device . In another example , when the received After the position filtering module 433 has excluded 
RSSI value is outside the boundaries of a group of position- 20 outliers from the n locations provided by the position 
ing data , the position module 432 can calculate the position module 432 , it relays the n locations at the most to the 
of the wireless device using the previously obtained loca position module 432. The position module 432 determines 
tions in the determined subset of positioning data . The osition information of the wireless device based on aver 
position determination includes calculating the average aging the n locations at the most , and calculates an estimated 
location that can include calculating an average of latitudes 25 uncertainty value associated with the determined position . 
and an average of longitudes of locations , and designating a The positioning server 410 sends the position result to the 
position at the calculated average latitude and longitude as wireless device . In an example , the positioning server 410 
the position result for the wireless device . outputs a message to the wireless device according to a After the position module 432 has determined the position network communication protocol . The message carries the of the wireless device , it calculates an estimated uncertainty 30 
value associated with the determined position by applying position result . 

The features as described in reference to FIGS . 1-4 can be circular error probable ( CEP ) theory to calculate 95 % radius implemented in one or more computer programs that are of the determined position . A 95 percent reflects a confi 
dence of estimate . The estimated uncertainty value can differ performed by a processing system , including at least one 
from a position to a position , based on the population 35 programmable processor coupled to received data and 
distribution pattern of the locations ( e.g. , number of the instructions from , and to transmit data and instructions , to a 
locations , density of the locations , and location concentra data storage system , at least one input device , and at least 
tion area ) in the selected subset of positioning data . In an one output device . A computer program is sets of instruc 
example , an estimated uncertainty value can be sufficiently tions that can be used , directly or indirectly , in a computer 
small where the locations are highly concentrated . 40 to perform a certain activity or bring about a certain result . 
One skilled in the art would recognize that the block A computer program can be written in any form of pro 

diagram of FIG . 4 may be used to determine the position gramming language ( e.g. , Java , Objective - C ) , including 
information when the wireless device is at a location in compiled or interpreted languages , and can be deployed in 
coverage overlapping area of multiple wireless stations . In a any form , including as a stand - alone program or as a 
wireless LAN example , a wireless device at particular place 45 module , component , a browser - based web application , or 
( e.g. , an airport ) may frequency - scan to retrieve wireless other unit suitable for use in a computing environment . 
fingerprints from a plurality of wireless stations ( e.g. , at least The features can be performed in a computer system that 
one to twenty access points ) within a communication range can include a back - end component ( e.g. , a data server ) , or 
of the wireless device . Regardless of whether the wireless that can include a middleware component ( e.g. , an applica 
device is connected to the access point , all identifiers of the 50 tion server ) , or that can include a front - end component ( e.g. , 
access points retrieved by wireless device can be used in a computer having a graphical user interface or an Internet 
position determination . The positioning server 410 can browser , or any combination of them ) . The components of 
receive a position request from a wireless device . The the system can be connected by any form or medium of data 
reception module 412 can receive n identifiers ( n is a communication networks . In some implementations , com 
positive number ) and n RSSI values from n wireless stations . 55 munication networks can include a LAN , a WAN , and the 
The mapping module 413 can identify the n wireless stations computers and networks forming the Internet . 
using the n identifiers to retrieve the n clustering information The computer system can include clients and servers . A 
of the group of positioning data from wireless station client and server are generally remote from each other and 
information table 461. The retrieval module 423 extracts the typically interact through a network . The relationship of 
n groups of positioning data from a database 471 using the 60 client and server arises by virtue of computer programs 
n clustering information . The clustering module 422 can running on the respective computers and having a client 
select the n subsets in the n groups of positioning data using server relationship to each other 
the n RSSI values . The position module 432 can calculate While aspects of the present disclosure have been 
the n locations using the n selected subsets of positioning described in conjunction with the specific embodiments 
data . 65 thereof that are proposed as examples , alternatives , modifi 

Then , the location estimator 431 further includes a posi cations , and variations to the examples may be made . 
tion filtering module 433 that is configured to exclude Accordingly , embodiments as set forth herein are intended to 
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be illustrative and not limiting . There are changes that may receive a position request from a wireless device that 
be made without departing from the scope of the claims set receives an [ identifiers ] identifier and the strength of a 
forth below . signal from a specific wireless station ; 

identify the specific wireless station using the identifier to 
What is claimed is : retrieve a group of positioning data from a database ; 
1. A method , comprising : select a subset in the group of positioning data using the 

received signal strength ; providing a database of positioning data , each positioning determine position information of the wireless device data associating position information of a location with using the selected subset of positioning data ; and an identifier of a wireless station for providing wireless calculate an estimated uncertainty value associated with connection at the location and a strength of a signal the determined position information of the wireless 
received at the location ; device using circular error probable ( CEP ) theory to receiving a position request from a wireless device that calculate a threshold percentage of radius of the deter receives an identifier and a signal strength from a mined position information of the wireless device . specific wireless station ; 11. The apparatus of claim 10 , wherein the processor 

identifying the specific wireless station using the identifier selects the subset in the group of positioning data further 
to retrieve a group of positioning data from the data comprises : 
base ; select when the received signal strength is inside the 

selecting a subset in the group of positioning data using boundaries of a group of positioning data , the subset 
the received signal strength ; when the received signal strength is inside [ the ] bound 

determining position information of the wireless device aries of the subset . 
using the selected subset of positioning data ; and 12. The apparatus of claim 11 , wherein the processor 

calculating an estimated uncertainty value associated with configured to select the subset in the group of positioning 
the determined position information of the wireless data further [ comprising ] comprising : determine the subset 
device using circular error probable ( CEP ) theory to 25 when the received signal strength is outside the boundaries 
calculate a threshold percentage of radius of the deter of [ a ] the group of positioning data . 
mined position information of the wireless device . 13. The apparatus of claim 12 , wherein the processor 

2. The method of claim 1 , wherein the selecting the subset determines the subset is based on calculating [ the ] a close 
in the group of positioning data further comprises : ness between the received signal strength and each signal 

selecting , when the received signal strength is inside [ the ] 30 strength in the group of positioning data . 
boundaries of a group of positioning data , the subset 14. The apparatus of claim [ 12 ] 13 , wherein the processor 
when the received signal strength is inside the bound calculates [ the ] a closeness is based on exponential decay 
aries of the subset . model . 

3. The method of claim 2 , further comprising : 15. The apparatus of claim 10 , wherein the processor 
determining the subset when the received signal strength 35 determines position information of the wireless device fur 

is outside the boundaries of a group of positioning data . ther comprises : 
4. The method of claim 3 , wherein the determining the weigh - average position information in the selected subset 

subset is based on calculating a closeness between the of positioning data when the received signal strength is 
received signal strength and each signal strength in the inside [ the ] boundaries of a group of positioning data . 
group of positioning data . 16. The apparatus of claim 15 , wherein the processor 
5. The method of claim 4 , wherein the calculating the configured to determine position information of the wireless 

closeness is based on exponential decay model . device further [ comprising ] comprises : 
6. The method of claim 1 , wherein the determining average position information in the selected subset of 

position information of the wireless device further com positioning data when the received signal strength is 
prises : outside the boundaries of [ a ] the group of positioning 

weigh - averaging position information in the selected sub data . 
set of positioning data when the received signal 17. The apparatus of claim 15 , wherein the calculated 
strength is inside [ the ] boundaries of a group of posi threshold percentage of radius is 95 % radius of the deter 
tioning data . mined position information of the wireless device . 

7. The method of claim 6 , further comprising : 18. The apparatus of claim 15 , wherein the processor 
averaging position information in the selected subset of determines a weight of a position based on the received 

positioning data when the received signal strength is signal strength to each signal strength in the selected subset 
outside the boundaries of a group of positioning data . of positioning data . 

8. The method of claim 6 , wherein the calculated thresh 19. An apparatus , comprising : 
old percentage of radius is 95 % radius of the determined 55 a data retriever that comprises a reception module con 
position information of the wireless device . figured to receive [ the ] identifiers and [ the strength of ] 

9. The method of claim 6 , wherein a weight of a position signals from wireless stations , and a mapping module 
is determined based on the received signal strength to each configured to identify the wireless stations using the 
signal strength in the selected subset of positioning data . identifiers ; 

10. An apparatus , comprising : a data processor that comprises a retrieval module con 
a storage medium configured to provide a database of figured to extract [ the ] groups of positioning data from 

positioning data , each positioning data associating a database , and a clustering module configured to select 
position information of a location with an identification [ the ] subsets in the groups of positioning data using 
of a wireless station [ device ] for providing wireless [ the ] strength of the received signals ; 
connection at the location and [ the ] strength of a signal 65 a location estimator that comprises a position module 
received at the location ; and configured to determine position information of [ the ] a 

a processor configured to : wireless device using the selected subsets [ of ] in the 
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groups of positioning data , calculate an estimated 
uncertainty value associated with the determined posi 
tion information of the wireless device using a circular 
error probable ( CEP ) theory to calculate a threshold 
percentage of a radius of the determined position 5 
information of the wireless device , and a position 
filtering module configured to exclude outliers when 
[ outliers whose ] distances of the outliers exceed a 
threshold ; and 

a data manager that comprises a cluster allocation module 10 
configured to reset clustering boundaries of a subset 
when a requirement is satisfied . 


