A Method And Apparatus For Determining Location Information Of A Position In A Multi-Storey
Building 5 FIELD OF THE INVENTION The present invention relates to a method for determining
location information of a position in a multi-storey building. 10 BACKGROUND Location-based
applications and services have been gaining popularity over the recent years with the widespread
availabii ek b ARailgspad dius Fo B iRy 1 Boawbsiidforan PacRisition
smartphones. However, the low-cost solution with accurate positioning and convenience of the GPS
functions'2r8 MUItrRICfIRY RUHENyice moves indoors into a building because when indoors, the
GPS satellite signals becomes undetectable. In today's cities where people spend a great amount of
time indoors, such as in shopping 20 malls, airports, office buildings, hospitals and industrial plants,
there is a need for an extension of positioning capabilities for indoors. Having accurate indoors
positionirt] HaBDfifldtEc MVART @dpanies to improve their indoor workflows, processes, security
management, assets and people tracking, customer satisfaction and carry out perhaps many other
innovative ideas presently not thought of. 25 ﬁélgg ugcr there are a number of indoor wireless
positionind SHLRIGHL QVTLBIL B e arie RO ST TGRSR e SR B R
equipment,amakingtthanbiddiexpensive for mass-market implementation. 30 SUMMARY According to
one aspect of the present invention, there is provided a method for determining location information of
a position in a rinulti-storey building, the method comprising: retrieving 350bservation data comprising
obsklved addresses and corresponding observed received signal strengths of wireless access points
detected BADK@RDIEMDrom a memory; retrieving,

Location-based applications and services have been gaining popularity over the recent years
with the widespread availability of Global Positioning System (GPS) functions in mobile

15 devices, especially in smartphones. However, the low-cost solution with accurate positioning
and convenience of the GPS functions are lost once the mobile device moves indoors into a
building because when indoors, the GPS satellite signals becomes undetectable.

In today’s cities where people spend a great amount of time indoors, such as in shopping

20  malls, airports, office buildings, hospitals and industrial plants, there is a need for an
extension of positioning capabilities for indoors. Having accurate indoors positioning
capabilities can allow companies to improve their indoor workflows, processes, security
management, assets and people tracking, customer satisfaction and carry out perhaps many
other innovative ideas presently not thought of.

25
Although there are a number of indoor wireless positioning solutions available on the market,
most of them require the deployment of dedicated equipment, making them too expensive
for mass-market implementation.

30

SUMMARY

According to one aspect of the present invention, there is provided a method for determining
location information of a position in a multi-storey building, the method comprising: retrieving
35 observation data comprising observed addresses and corresponding observed received
signal strengths of wireless access points detected at the position from a memory; retrieving,



for each storey of the building, a radio map comprising a plurality of location points in the respective
storey of the building from a database, each location point comprising addresses and corresponding
mean received signal strengths of wireless access points detected at the location point and
coordinates of the location point; selecting one or more location points 5 comprising the observed
addressesfigaprhgoragiefman bdidrigniningid StRE Yk aapmag af thepesidiondaticalpolatéine ahsum
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weighted average values of coordinates of every selected location point containing said each observed
address iR #RCHaRAEFHRGD BFIHR ERBMR S HREY. Mamh el Bk EeSRRHK P IRIBYPBIBALIRIGSHM O Pay be
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3 et

T
storey estATRSBPIE IBSRETAT LR NS ARG SRS SB%W ensity FUmetion, a first

value indicative of probability of a first selected location of the selected location points being the

posj¥on gihe MABHEREVIGRERSEHHEEGRA AR RPUENEPESENARE spasivEskrignal2kkgngih of a

first observed address in the first selected location point and the corresponding mean received signal
strength WEABIRRPGRIGA S AbRPRHMAEH RliRvTg /AR b RSRIPaPARH RosLAIENIe salfrRAfe first
value for dbeavkdaddoéshindatkecidid loeatiaiitheogstensteastorgyup first values calculated for the
selected location points in the radio map of one storey, wherein said selected location points all

contain a common observed address, to get a second value; and calculating the second value for
every obd&R/EBIIBRRCIRRMIBIARAHIN; RAIMPHTIRY B SEEsIRAVENTRS BhREBMkIReITDIObEHRIFStdtey of the

builzing W @eaddhiiabvialues ansh s8lesidgribe i aeshohdrtbyalien @sithe comprising the observed
addresses from the radio map.

The method may further comprise extracting a number of observed addresses with
corresponding received signal strengths above a predetermined value.

25
The observed addresses that are not extracted may be removed from the selected one or

more location points.

The region of interest in the radio map may be filtered based on vicinity of a previous
30  position in a multi-storey building.

The step of determining a storey estimate of the position may comprise calculating, using a
Probability Density Function, a first value indicative of probability of a first selected location
of the selected location points being the position of the mobile device, based on the
35  corresponding observed received signal strength of a first observed address in the first
selected location point and the corresponding mean received signal strength in the first
selected location point containing the first observed address; calculating the first value for
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storey estimate. The method may further comprise selecting the observed addresses with variance of
detected received signal strengths that is beyond a predetermined variance from the radio 10 map of
each storey in the building; and in the step of selecting one or more location points comprising the
observed addresses from the radio map, selecting the one or more location points comprising the

selected ghsenrrdontsessassuiibombansnes; deiaming rgeaivedfige Yatengthohat isdrssend the
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repeatingsaey siepnateletermining the storey estimate a 25 predetermined number of times based on
more than one observation data to collect more than one preliminary storey estimate; and selecting as
the storey estimate the same storey having the largest third value in the predetermined number of
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of the location point; n%a%ﬁr%p%ssin gtlit far sglectin one or more location points comprising the
observeosi{aﬁg&%%saﬁjs e Fadfo 5%;%’3'5? L& unit being configured for determining a storey
estimate of the 3 position by calculating a sum probability for each storey of the building, the sum
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contained in_each selectéd location point in the radio map of the respective storey being detected on
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each selecte ation point and the corresponding mean received signal strength in said each
selected location point containing said each observed address. 10The processing unit may be further
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The method may further comprise repeating said step of determining the storey estimate a

25  predetermined number of times based on more than one observation data to collect more
than one preliminary storey estimate; and selecting as the storey estimate the same storey
having the largest third value in the predetermined number of times.

According to another aspect of the present invention, there is provided an apparatus
30 comprising: a memory for storing observation data comprising observed addresses and
corresponding observed received signal strengths of wireless access points detected at the
position; a database for storing, for each storey in the building, a radio map comprising a
plurality of location points in the respective storey of the building, each location point
comprising addresses and mean corresponding received signal strengths of wireless access
35  points detected at the location point and coordinates of the location point; and a processing
unit for selecting one or more location points comprising the observed addresses from the
radio map; the processing unit being configured for determining a storey estimate of the

3



addresses from the radio map. The processing unit may be further configured for extracting a number
of observed addresses with corresponding received signal strengths above a predetermined value. 20
The observed addresses that are not extracted may be removed from the selected one or more
location points. The region of interest in the radio map may be filtered based on vicinity of a
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summing up second values calculated for each storey of the building to get a third value; and selecting
the largeSIHPRIFUANGENER BRid SBrBPRIEGHRAICHIRD @%Bb%%‘fﬁ@ RiRg %%ﬂ@éﬁmﬁ%‘rvégrﬁ%?éa for

selecting the observed addresses with 5 variance of detected received signal strengths that is beyond
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detected ¢engivig Ss0alarenmbe dhaldarbeyanthehadiaratesminesyatiacgeickd,The apparatus may

comprise a receiver for receiving the observation data wirelessly from a mobile device located at the
position in the building. The apparatus may comprise a detector for detecting the observation data
from the pbsitielectEleopeovessiregegationayotndsforaydrecegifigigcktidor adiiesthiegmia stépeseslstermining
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collect more than one preliminary storey estimate; and selecting as the storey estimate the same

storey hRAAELETET4rGR M IRFIHRPin the predetermined number of times.

The processing unit may be further configured for extracting a number of observed
addresses with corresponding received signal strengths above a predetermined value.

20
The observed addresses that are not extracted may be removed from the selected one or

more location points.

The region of interest in the radio map may be filtered based on vicinity of a previous
25  position in a multi-storey building.

The step of determining a storey estimate of the position may comprise calculating, using a
Probability Density Function, a first value indicative of probability of a first selected location
of the selected location points being the position of the mobile device, based on the
30 corresponding observed received signal strength of a first observed address in the first
selected location point and the corresponding mean received signal strength in the first
selected location point containing the first observed address; calculating the first value for
each one of the selected location points; summing up first values calculated for the selected
location points in the radio map of one storey, wherein said selected location points all
35  contain a common observed address, to get a second value; calculating the second value for
every observed address that is common; summing up second values calculated for each



BRIEF DESCRIPTION OF THE DRAWINGS Embodiments of the invention will be better understood
and readily apparent to one of 25ordinary skill in the art from the following written description, by way
of example only and in conjunction with the drawings, in which: Figure 1 shows a schematic diagram
of an application of an indoor positioning system. 30Figure 2 shows a floor plan representing a Radio

Map of adleesyairarsuwiiiatage et dingird-igie; 2pb @R iniuaditagbiabieg cantaiaitheatarel

Calibrationtlf’oints of the system. Figure 6 shows a table containing data of a Floor Discrimination
Metric TaeoﬁenzﬁtﬁMT) of the system. Figure 7 shows a flowchart of the operation of the indoor

positioning system. 5 Figure 8 shows a flowchart of a floor selection subroutine of the system. Figure 9

shows a fiawehaskediadianr SRicHeTaMBRrtwRIR HISRIRARTIBY AL Ahevarloushalfor

calculating probability of an accessi{aqinéagein% observed on a floor of the multi-storey building. Figure
11 sRowdH RBGR ARG e PiYPA SRR SRS R AR P (R ARERARIE YIRS 9LR0Re ERflire 12
shows a ftewebartafraofeachdipeey of th&bgidm@f dAntbire 8ig RIED) L deteciime avfetoe repsédntakayure 13

shows a [ale, C&#ﬁﬁ&’i&% datdpLaing i rglecteniistal Wé@l?ﬁ?a??%%ﬁ?tf?ﬁ’é“fﬁe FIRLrg: Jagshows

tables containing da Calibration Points of the system. F(ijgure 15 shows a flowchart of a position
estimate 'QGBVB[]tiH%”HFtI?@@?%ﬂQ. the selected obsServed addresses with variance of detected

received signal strengths that is beyond the predetermined variance.

10
The apparatus may comprise a receiver for receiving the observation data wirelessly from a
mobile device located at the position in the building.

The apparatus may comprise a detector for detecting the observation data from the position.
15
The processing unit may be further configured for repeating said step of determining the
storey estimate a predetermined number of times based on more than one observation data
to collect more than one preliminary storey estimate; and selecting as the storey estimate
the same storey having the largest third value in the predetermined number of times.
20

BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will be better understood and readily apparent to one of
25 ordinary skill in the art from the following written description, by way of example only and
in conjunction with the drawings, in which:
Figure 1 shows a schematic diagram of an application of an indoor positioning system.
30  Figure 2 shows a floor plan representing a Radio Map of a floor of a multi-storey building.
Figure 3 shows a plurality of tables containing data of Calibration Points of the system.
Figure 4 shows a flowchart for generating a Radio Map of a multi-storey building.

35
Figure 5 shows a table containing data of an Observation Matrix (OM) of the system.



25Figure 16 shows a schematic diagram of a database server of the system. Figure 17 shows a
schematic diagram of components of the system. Figure 18 shows a flowchart of an operation of an
indoor positioning system. 30 DETAILED DESCRIPTION In Figure 1, there is provided a system
100, which includes a mobile device 102, a 35positioning engine 104, a database server 106, a

merchankiyeke &8 ambacsheneg weal prEFIddODRprmiRDOMBRISYSER (FOMS)as fajows.

Client basesqesnc])ftware implemented in the form of a mobile application is firstly downloaded and
installed %’9 a user on the mobile device 102 via a telecommunication link such as a 5 Third
Generation (3G) telecommunication network, a General Packet Radio Service (GPRS) data link and

the like (faleromansNsatinginan FheBpbigisieviond RS IR AMYisyleem Fidelity (WiFi) enabled
smart phone, touchscreen tablet, computer notebook, computer netbook and the like. The mobile
application is configured to exchange data with the database server 106 and the positioning engine
104. TheRigobd& apphsatidowshased fafld@detecting pasivicimefahiearsybiterdevice 102 inside a building.
When activated at any location in the building, the mobile application makes use of a WiFi interface of
the mobile device 102 to extract Received Signal Strength (RSS) Indicator values of all visible

surroundfgURiRishoMssa tRiHRaTARf ARUSBIIFtQRARIERHBN P HEGEIEER: 15 access point) is visible to

the mobile device 102 if its WiFi signals can be detected by the mobile device 102. Each access point

is indicat ia SS | (IMA ddr n S S value d ing,t ignal
s S A LI 2 B e AR RO 58 Vi
address éfflegeRidettrdt-slecesdyilindare tabulated. The table of RSS values and corresponding
Media Access Control (MAC) addresses of the access points is then transmitted to the Positioning

engine 104. The transmission is done via a telecommupication Jink. Upo eiving the MAC and RSS
Ao 10 B RN LR B BOCR T bR BT ELre G PR o
location sfyttenmobile 25 device 102 and send the location information to the database server 106.

The indoor location of the mobile device 102 includes the floor of the building it is on and the position

estimate of the mobile device 102 on that floor. After the database server 106 receives the estimated
indoor loEEI8R RPN BiflPyehfet of a second part of a Region of Interest (ROI) subroutine of the
system.

Figure 13 shows a table containing data relating to a selected list of wireless access points.
20

Figure 14 shows tables containing data of Calibration Points of the system.

Figure 15 shows a flowchart of a position estimate subroutine of the system.
25  Figure 16 shows a schematic diagram of a database server of the system.

Figure 17 shows a schematic diagram of components of the system.

Figure 18 shows a flowchart of an operation of an indoor positioning system.
30

DETAILED DESCRIPTION
In Figure 1, there is provided a system 100, which includes a mobile device 102, a

35 positioning engine 104, a database server 106, a merchant web portal 108 and a shopper
web portal 110.



30 102, the database server 106 may push advertising/marketing information to the mobile device 102
via a telecommunication link according to the estimated indoor location, time, user's preset
preferences and business logic determined by merchants. It is appreciated that besides pushing
advertising/marketing information to the mobile device 102, other types of information can be

pushed/ezpeeieshitpmdhy rebileairvieadi@dsor actions can take place 35after the database server
106 receives the estimated indoor location of the mobile device 102. In the system 100, the merchant

web portal 108 allows each merchant to create his/her own personal accounts. Through the personal

accountsCeemhbaradisaivaie nepigine rsedpio de dadmpabignabitsr applicaiioindgriiestRedaymeaeerls in

real- t'meaH&I ARty H}ea”l%"é‘rh@ﬁ'ttM‘é"rﬁ@oﬁ@@éﬂo%eﬁ ﬁﬂe\h’é‘%%i&w&éﬁdﬁﬂﬁﬂ%%%@ their

deal Ioad the 5an ics on the number of impressions served, number of cli otfall etc.
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on a webdpéginkrandugé ke (ltelzpageuaiostowiikie dbtenoliteatevagebboallddsoawaadselect
hisfher shanmyo WiEreRgsr el affentine dunes ol Gasier e aiBsmasialB R Pe sent

to him/her. In the shop er web %?rta 110, the user will also be able to maintain a microblog.
Advantadderdls, 8 sigeliero ﬁrcmﬂ?é'@ e?rpma%tdﬂrbé%lﬁeﬁmg‘r&ﬁd"ﬁa@@ﬁﬂﬁﬂ%@ﬂﬁo%‘ﬂﬂl that taps on
existing M&Hmedﬁsealrﬂmdmﬂstaae;@bsmmﬂsg rengdiesn mnldm mdbliendpplitaticesaiigsets @eployed

in tht§ 'ns&%@%‘?r&ﬁ&ﬁiotrp%fqﬁéar%ﬁq sgév%r 31 gehggdégég nlng engine _104 are required for

predlctlng loh estimate of the mob evice ure 1). Cost is kept low and the
technology is more scalable and acceSS|bIe for the mass- market and industries. 20It is appreciated

thgt althm@ﬁ%mer@@%m?wlf%@w it ﬂfpﬁéﬁmm@@hﬂBpng@thBQT@tIBﬂVﬁeb@%rhgéiﬁr@?’ﬁf}e
INdoor pas ti ning as ect of the stem IS gene n e us other S SuUC S Tor
il i T o e R e S GOML o A
applicationloesay fiinvisdlieadouppadinmiify asprsst pdithe é«ysaenes_@pcmte (alsddiows. 25Wieleaaicking
People agdassalaiRy RIVRIBRSRSRIAL BN BSALB SoaTIPRLt v RN RRIAG ERBeiodefics Byiaings. To

serve purely as a backbone indoor positioning and naﬁgatlon engine for mobile device application
developePORIG 88y fod ForFASRcRLERTRRIBhS B9HRLRE s 'anés?ﬁﬁﬁgQBEHﬂbl%%r the
implementidrensodrad habie RASeding denoting the signal strength of the access point as picked up

by the mobile device 102.

20  The RSS value and the MAC address of each detected access point are tabulated. The table
of RSS values and corresponding Media Access Control (MAC) addresses of the access
points is then transmitted to the Positioning engine 104. The transmission is done via a
telecommunication link. Upon receiving the MAC and RSS values from the mobile device
102, the positioning engine 104 will calculate an estimated indoor location of the mobile

25 device 102 and send the location information to the database server 106. The indoor
location of the mobile device 102 includes the floor of the building it is on and the position
estimate of the mobile device 102 on that floor.

After the database server 106 receives the estimated indoor location of the mobile device

30 102, the database server 106 may push advertising/marketing information to the mobile
device 102 via a telecommunication link according to the estimated indoor location, time,
user’s preset preferences and business logic determined by merchants. It is appreciated that
besides pushing advertising/marketing information to the mobile device 102, other types of
information can be pushed/extracted from the mobile device 102, or actions can take place

35  after the database server 106 receives the estimated indoor location of the mobile device
102.



platform for mega shopping malls, with full navigational capabilities and intelligent pushing of
advertisements based on time, location and shopper's preferences. Details of the indoor positioning
aspect of the system 100 are described as follows. 35 In Figure 2, there is provided a rectangular top
view floor plan 200 of an arbitrary floor or storey, k, in a subject multi-storey building. For a system

such as systRyEdshlesoribrohasiiRadhiay edritn Twsciintoeildr Mieltcing: @acre ROk gMsIasay of the
building would require a Radio M M). It is noted that in the present specification, the words 'floor’
oo cp bt s SR e g SR
radio mapriémutistrsheinatvertisng/ RrMkeling ragterigle dcreadio en ip adshtaimstioamest haitvof

calibratiogepgisits f9Isarsprcifissliras obie RHidingcihRdatarhgverirdindnarissinsadnitae
database server (106 in Figure %f_and IS used for Iocattlg}gethe mobile ewci (t102 in Figure 1) in the
building. IFHERVKIE 8%5%%&& \ R §TNE iR BPREiBFAHISTP PO bR She Kth floor through
onsite measurements with a measuring device. The measuring device could be a WiFi enabled smart

phone, toHe SRR B LSATIRYIELASIEBOFREIRM ST RBRAk anikie e EaRRalhuaion poin

(CP) is characterized by the following information: ) co-ordinates with respect to horizontal (X)
and vertié&P{‘?%BEb@%PtW@"?l869%|Jrg"2’(9@W%&&%%pﬁﬁ@él%bﬁﬂ@#'&ftﬂ1é@é¥@&é&?@ﬁ“ﬁ‘i the
form (x, Ygccahr lisinaf NMAlecaddreases siidbifm@pceesieeoitds detectadidusitiecthatensiiges  of
measure t t location of the CP a list of mean ej ignal Strengt lyes, MRSS
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correspoHaRiyVihRSEbeaatHe PJBRIBRIAG MRDBIGIues is calculated by averaging a few
measurements of received signal strength values detected by the measuring device. 25The choice of
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that taps on existing WiFi networks already installed in most modern buildings. Minimum

15 resource is deployed in this instance, that is, the database server 106 and the positioning
engine 104 are required for predicting the position estimate of the mobile device (102 in
Figure 1). Cost is kept low and the technology is more scalable and accessible for the mass-
market and industries.

20  ltis appreciated that although the merchant web portal 108 and the shopper web portal have
been described, the indoor positioning aspect of the system 100 is generic and can be used
in other areas such as for people/asset tracking or in awareness interactive multimedia
applications and services. Examples of application areas for the indoor positioning aspect of
the system 100 are as follows.

25

- For tracking people and assets for enterprises, such as hospitals, airports, shopping
malls and office buildings.

- To serve purely as a backbone indoor positioning and navigation engine for mobile
device application developers to create location-based applications.

30 - To serve as the underlying technology for the implementation of a mobile marketing
platform for mega shopping malls, with full navigational capabilities and intelligent pushing of
advertisements based on time, location and shopper’s preferences.

Details of the indoor positioning aspect of the system 100 are described as follows.

35
In Figure 2, there is provided a rectangular top view floor plan 200 of an arbitrary floor or
storey, k, in a subject multi-storey building. For a system such as system 100 described as in
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iii) physical layout. 30In relation to i), generally, the closer the calibration points are together the better
the accuracy of the radio map for purposes of locating the position of the mobile device 102 in the
radio map of the arbitrary kth floor. However, it is noted that if the calibration points are too close,
calibration time and cost are increased without improvement to the positioning accuracy. 35 For ii),
whilﬁ it rr:rreu;ma@ bﬁitﬁrn@i@vwmifwil@mg,@aﬂwﬂ?@ﬁd@@mﬁr%thﬁerad;ﬂiﬁggno#iﬁwr@@maé distagees from
each other to ompuytation of the position of t obile device 9,102, there are times that even
Cstibut O b RN o B A L5 L Rk s 8 e S RS Bore. or
instance Sprogimégniogasslace used/iFesigaabrabiference. In such cases, even distribution of the
calibration points is not possible. 5With regard to iii), physical layout such as location of building walls

and floor design ﬂlso affects the&pla emen;[j,of the ali%rationéPoin&r.] AI\n example range of the distance
between CHMTAIBHPEIRE (PR B FLa Tdﬁ??f@ﬂ# S ARYRNG I 71985 ar ARG Fo g e
rectanguladsidespotthi@itsalgitant 205t Dt calibsaZ08 pogtsoitz anspigificrloged dmel BuildogsT2@4 are

vertcally pip2Baedfy e onapIAnsBe R AR EEIB DX LR el ah LR UROTain calypin points

are selected such that they are evenly distributed inside and outside the Tooms. 15Figure 3 illustrates
conceptuafFithe R MARIRVIGRAT f5r i &1 8athinte WNANg00. The RMk 300 contains a list of
calibration points, i.e. CPk,, 302 with coordinates (xk,/, yk,1), CPk,2 304 with coordinates (xk,2,

Yk,2), CPkk 306, wit inat: - Ykk) for.th ifrary kt r, CP kJ in tur, ins.a list of

detgéted fﬁ%ﬁg"&éasé%(ég{@tEVMﬁcé@fWﬂﬁ‘?%%%%f?ﬁ%%@%ﬁ%g@%a@ﬁfﬂ%’i@é&?ﬁnﬁe

mMRSSk, MeARYSRIeHieA4titet] BEasBram ey (5&,i TR, iNeapiring device could be a WiFi enabled
smart phone, touchscreen tablet, computer notebook, computer netbook and the like.

Each calibration point (CP) is characterized by the following information:

15
1) XY co-ordinates with respect to horizontal (X) and vertical (Y) axes of the floor plan 200
indicating the physical location of the selected CP in the form (X, y).

2) A list of MAC addresses of WiFi access points detected during the onsite measurements
20 at the location of the CP and a list of mean Received Signal Strength values, mRSS
associated with the MAC addresses. It is noted that each MAC address would only have one
corresponding mRSS value. Each of the mRSS values is calculated by averaging a few
measurements of received signal strength values detected by the measuring device.

25  The choice of the position of the calibration points is determined based on, for instance,
i) accuracy of the location information required of the mobile device 102,
ii) complexity of the environment and

i) physical layout.

30 In relation to i), generally, the closer the calibration points are together the better the
accuracy of the radio map for purposes of locating the position of the mobile device 102 in
the radio map of the arbitrary kth floor. However, it is noted that if the calibration points are
too close, calibration time and cost are increased without improvement to the positioning
accuracy.

35
For ii), while it may be better to evenly distribute calibration points in the radio map with
equal distances from each other to ease computation of the position of the mobile device

9



20noted that k is indicative of the building floor and j denotes which Calibration Point in the Radio Map.
Figure 4 illustrates a measurement procedure 400 to get the Radio Map of the multi-storey building
412. The Radio Map of the multi-storey building 412 includes a Radio Map for each 25floor 410. At
step 402, a person performing the measurement procedure holds a measuring mobile device and

stands atiaprengeiaininiaks alibraien Raitbh @BKkedK ndtdraifd Sepdtefea RErdeieynMNe:N
number of sﬁ?mplﬁsnof RSS r%algirrl%? rl}}ls[ﬁm LrE, f's clolellfacnted frpr)r(lI ttllte peasurirn% n}cwillgl dF\ﬁiCF for
each MALPBRHIEL] d%ttlgcoeg. N MGted that e2eh TMAT GG LRk S A Acless pcﬁ e

NsAmpL Plertgreaice tekectedasaseeven diririputiancd lewalbgipaleaintthis speeifisiblevironment. It
could be in the range of, for instance, 10 to 100 depending on how large the variance of the WiFi
signals are and the sampling rate 35 achievable hy the hardware of the measuyring mobile device.
oo e AR i R R e SGHE SRS b AR S0 LI B
NsAmpLEfetisehaplanemenithetviBalivgrials poinld.be calculated, for instance, by collecting samples of
WiFi 10 signals in the specific environment, calculating the mean WiFi signal from data of the samples
collected and appl?/ing standard variance formulas of the probability theory. At step 406, a set of

predeterMhe¥RAtA? (B PN S RNGGIR§EVREEEFERIAIRBIRCIAE DRdERARERMPLE for a particular
MAC address, MAC" detected by the measuring mobile 5device at step 404. This set of predetermined

Al aadies o SR R o AR Bt e S e I A e

e a valld RSS
value. ATRSS darRiaie Heazaatalipdranded ANg Jree@arsi?ild aisreQaieayirrstarasd isvee [fleer 10

value, Rgfanlbpasdd dusiiBachaoprereiRnibethR rarbPeiclicapralien, fores die A6ddfed searling of a
%Ek to be used for locating the position of the

MAC adcl eizhbelow RSS I(B.i onsidered to %e t(ﬁo gv
mobile d&VA @ﬁ?ﬂeﬁﬁm |_sjr| u{ﬁg B3l r?(ff ORI S/,r%?{*ﬁss reading of a MAC address above
RSS_ub is considered to be too strong to be used for locating the position of the mobile device (102 in

Figyse 1)Fi’?gfc@ Uil IIRASSURIT I M A-SFhSidonz YBIHRE 1Y AltdI R 3N HfasesS ¥yaere n is

an elemen i.e. E) N" where N, is a'set of all n values when RSS,(n) fulfils the condition of RSS_Ib
< RSS, () 4288 aBtalRs AiFHRicSiiP Ottt CBh b FepiBsERREUNRLER (visY 1) CPr2

304 with coordinates (Xxz, Yk2), ... CPx;j 306 with coordinates (X, yx;) for the arbitrary kth
floor. CP «; in turn contains a list of detected WiFi access points MACy ;, MACy, ... MAC,
and the corresponding mRSSy ;, mMRSS, ., ... mMRSS; measured at coordinate (X 1, Yk1)- It is

20  noted that k is indicative of the building floor and j denotes which Calibration Point in the
Radio Map.

Figure 4 illustrates a measurement procedure 400 to get the Radio Map of the multi-storey
building 412. The Radio Map of the multi-storey building 412 includes a Radio Map for each
25  floor 410.

At step 402, a person performing the measurement procedure holds a measuring mobile
device and stands at a pre-determined Calibration Point, CPy;(Xk, Y«,)-

30 At step 404, a predetermined N number of samples of RSS readings, Nsaur.e, is collected
from the measuring mobile device for each MAC address detected. It is noted that each
MAC address is linked to an access point. Nsaue.e is a value selected based on the variance
of WiFi signals in the specific environment. It could be in the range of, for instance, 10 to 100
depending on how large the variance of the WiFi signals are and the sampling rate
35 achievable by the hardware of the measuring mobile device. Generally, the larger the
variance, the more the samples of RSS readings are required (i.e. higher Nsaurie). The
variance of the WiFi signals could be calculated, for instance, by collecting samples of WiFi

10



20RSS,(n), V n E N"where N, ={n | RSS_Ib <RSS,(n) < RSS_ub} At step 408, the calculated
RSS,(n) and N, values in step 406 for a particular MAC address, MAC" detected at a Calibration Point,
CPi, in a Radio Map for floor k, RMk, are used to calculate an RSS fingerprint or in other words a
mean Received Signal Strength value, 25mRSS, according to the following formula. = (Unit: dBm) In

mathemaligahenmshthedesmelambeveneanvesisuning trllested RBES valies enR3&{gf3thas and

when the aer%]re| col(!eﬁteg f{o%lcl)j%g;‘riltrpms %@aarié]viQF% rl}igee{;grd%mgio. H a'?Sb%%'fﬁ I%e% rthe arithmetic
mean of the goeiﬁec?ea § va syingEheallnear domain an(rln converEseﬂﬁ)e calcu ¥1te8 a?/ithmetic mean
value badk isteprtHéfogarsginedoradaicmrisesy ethgivghsr thé RBAsedingsdi selfoiet£eom beedone in

the lineagdppaid REGAYSTANG B‘ﬁﬁ&\’eﬁ'%ﬁi@ lggardidyn Mﬂ@‘,,a'@ef&@@dngir Wﬁé’%%ﬁi@aﬂﬁ@&%ﬂing- 35
Steps 406 and 408 are rep% ted to acguwe the mRSS values for &%%ﬂAC addr,eslées detected by the
meazurifP U LSRR ¥ o Lo RS CH IS POMTTRY AAdis Es HP eSS RIEHBS 8 Steps
402, 404406 ssith4BS 3t e)repdateehfuesivicbrsaaticlfar M Calibragen Points in the radio map of each
floor to gather all the data to form the Radio Map of the multi-storey building 412. With reference to
Figure 5, whenever the mobile application described with reference to 10 Figure 1 is activated by a

user to IXARIRS RIS SPREGA IO ETIEPRIDIPRIY S i8R AcoRikRERVRIE (B2 WRIERyure 1)
will be ingthuR®s byltlkeisnadiaapphtatiomyior Scan jhreatiirtbandingedetaseined RBS flomidelimit

oec B8 B O A CUARE ISORER ST B 848 MGt e

502 consieadied rf taidMianp@gress below RSS_Ib is considered to be too weak to be used for
locating the position of the mobile device (102 in Figure 1) in the building. Conversely, an
RSS reading of a MAC address above RSS_ub is considered to be too strong to be used for
locating the position of the mobile device (102 in Figure 1) in the building.

15

Hence, RSS(n) is a set of RSS values for all (i.e. V) instances where nis an element of (i.e.
€) N, where N; is a set of all n values when RSS/(n) fulfils the condition of RSS_Ib < RSS(n)
< RSS_ub. Mathematically, the relationship can be represented as follows.

20 RSS/(n),v ne N, where N;={n | RSS_Ib < RSS,(n) < RSS_ub}

At step 408, the calculated RSS,(n) and N, values in step 406 for a particular MAC address,

MAC,, detected at a Calibration Point, CP;, in a Radio Map for floor k, RM, are used to

calculate an RSS fingerprint or in other words a mean Received Signal Strength value,
25 mRSS, according to the following formula.

) ‘RESi(m)
mRSS;,; = 10log,, {Niz [m(T}p
| ilﬁEN: J

(Unit: dBm)

In mathematical terms, the formula above converts all the collected RSS values i.e. RSS(n)
30 as and when they are collected from logarithm domain into linear domain. It also calculates
the arithmetic mean of the collected RSS values in the linear domain and converts the
calculated arithmetic mean value back into the logarithm domain. The averaging for the
mean value calculation has to be done in the linear domain because the mean value in
logarithm domain does not have a physical meaning.
35
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15 would be representative of the position of the mobile device (102 in Figure 1) and can be used to
predict the position of the mobile device (102 in Figure 1). It is noted that unlike a Calibration point
(CP), the RSS value in the OM 502 is not a mean value. After the OM 502 is constructed, it would be
sent to the database server (106 in Figure 1) for 20further processing. The OM 502 could be

constructsghy Hus raabilegdevies (dshisdBuERdliRN trRIWEREBY AR slatRbPage FrTehddEsrdigure
1). Figure |II|th a Floor Discrimination M trlc Ta le {FD T 692 Eh e FDMT 02 IS use dina
qt éﬁ é alibratio

Floor Sele ction %m?@%llrglgjé)g'rlg O deteehne '?He fi8r oR Which. t('anr% rE@lpdewce (202

in Flgurepfbri@llldm'aﬁ@@rwhen the mobile appllcatlon descrlbed previously is executed to locate the
position of the mobile device (102 in Figure 1). The FDMT 602 contains all the MAC addresses

present in all radio maps constructed for each floor o s bject multi-s building. Corresponding
o ouch MBSt d0Ts A0R GBY BT EREH A e YD O b CDRAL AT Srolows.

30 whereakis malcativeadi dspetifigatiosr afi tthe [oailal ity forns the ﬁbarhbd\ﬂaw fadarseimilig-siarkystorey
building, glmﬁljlﬁ gfiance of P55 far the specif ic MAC; in Et is the sum of individual variances of the
specific MAC; |n each floor in the multi-storey building. 10gk is the number of Calibration Points in
Floor k. MRSS k J is the mean of the RSS of a specific MAC; in floor k i.e.

With reference to Figure 5, whenever the mobile application described with reference to

10  Figure 1 is activated by a user to locate the position of the mobile device (102 in Figure 1),
the mobile device (102 in Figure 1) will be instructed by the mobile application to scan the
surroundings to acquire data for the construction of an Observation Matrix (OM) 502. The
OM 502 contains a list of all the MAC addresses and Received Signal Strengths (RSS) of
the WiFi access points detected during the scan. The OM 502 constructed in this manner

15 would be representative of the position of the mobile device (102 in Figure 1) and can be
used to predict the position of the mobile device (102 in Figure 1). It is noted that unlike a
Calibration point (CP), the RSS value in the OM 502 is not a mean value.

After the OM 502 is constructed, it would be sent to the database server (106 in Figure 1) for
20  further processing. The OM 502 could be constructed by the mobile device (102 in Figure 1)
on request by the database server (106 in Figure 1).

Figure 6 illustrates a Floor Discrimination Metric Table (FDMT) 602. The FDMT 602 is used
in a Floor Selection Algorithm (900 in Figure 9) for detecting the floor on which the mobile

25 device (102 in Figure 1) is located when the mobile application described previously is
executed to locate the position of the mobile device (102 in Figure 1). The FDMT 602
contains all the MAC addresses present in all radio maps constructed for each floor of the
subject multi-storey building. Corresponding to each MAC address is a Floor Discrimination
Metric value (FDM). The FDM is calculated as follows.

30

(variance of R55 for a specific MAC; across all floors)
Yvariance of RSS for the specific MAC, in Floor k)

FDM, =

12



MR55:,.) = --YmRss, 15 MRSS, is the mean of th RSS of a specific MAC, across all floors 20i.e. 1 =-)
AIRSSc n k= Variance of the RSS for the specific MAC, in floor k is thus represented as 25 and the
variance of the RSS for the specific MAC, across all floors, FDM" is represented by the formula above.
The numerator of FDM, i.e. variance of RSS for MAC, across all floors indicates how different is the
RSS received from the MAC, %S;f{fe?n floor .I;‘I'h greater the difference, the better is MAC,'s floor
discrimination abily_.lde theh ovmirtaf PofFD : 1216F normalization purposes. 5Hence, based on the
formula, fRRMEDOM value Tor g;specific MAT addresgis basically an indication of how well the device of
the specific MAC ad%ies@sgﬁhfé’ﬁst@wtﬁéﬁl%ﬁfba which the mobile device (102 in Figure 1) is
located when the mobile application described previously is executed to locate the position of the
mobile device (102 in Figure 1). In the present instance, the higher the FDM value of a specific MAC
address, ilhereettds indlatos df Hoipekiguiieot Bhiwdiidiegail a main flowchart 700 of a main application

running on the 1@9?5 in Figure 1) 1o | : ifion of the mobile device (102 in
Figure 1). 15At@ep Og?‘ﬁéggkﬁg%%g?% |gu%(gz0%§l%£§é@éﬁ|¢’)§j gy the database server (106 in
Figube 1)

i
Z[variance of R5S for the specific MAC, in Floor k)

is the sum of individual variances of the specific MAC; in each floor in the multi-storey
building.
10 g« is the number of Calibration Points in Floor k.

MRSS «,; is the mean of the RSS of a specific MAC; in floor k

15 Bei=

MRSS; is the mean of th RSS of a specific MAC; across all floors

20 i.e.

i3
1
MRSS, = EZ MRSSy,

k=1

Variance of the RSS for the specific MAGC,; in floor k is thus represented as

2

T
1 .
—Z (mRss), — MRSS,,)

and the variance of the RSS for the specific MAC; across all floors, FDM, is represented by
the formula above.
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from the mobile device (102 in Figure 1) requesting for information on its location via a
telecommunication link. At step 704, a Floor selection subroutine is run on the database server (106 in
Figure 1). 20 When the Floor selection subroutine is run, a check on whether a Floor selection
Algorithm needs to be run another time at step 706 to derive a floor selection decision is performed. If

the accurpgy rﬁaﬁﬂéirfﬁmetﬁtsmf/lthé G)%?@lﬁ@%MS&J?H&A@@&@%@QW@&@%@@t@@ﬁbﬂv&ﬁffé@éh&ed If the
accuracy. reﬁw ents of Cklﬂéegn dlrﬂ t thegs)loor electlo m of st needs to be
94

run agalnsbase on' anoth her e.g |gﬁer%t Cr)esqueset@d from %r%%:gile e)\%e &OZ in

Figure 1)VB&ts 69@{lemmedsﬁﬁﬁmﬂquwmhemdﬂ@ﬂ fleanalizailoerpmerdes of the Floor
selection subroutine would be described later with reference to Figures 8, 9 and 10. Each OM (e.g.

502 in Figure 5) received at step 702 is used in the Floor selection subroutine 30 to derive a floor
celeton SRS AP EAEE TR e UDHE o e PO e 399t dtebr il Bhoe that
the accunadycaeqnuméhwnmﬁﬂheeﬂeheelobmwhmhmcﬂd@@laddreetenstmbieﬂtkgtﬁiltltm Bvstep VOEmeeds to

be run angiheidifle 8E5E0" 1S IS0 SPIRCTBRAUPTaHINeIRAIRAUCSHAE NBEE QAL By 502 in

Figure 5) obtained at the posmon of the mobile device (102 in Figure 1) for processing to provide more
accurate%@&%Uﬂ'%%“@@f@&%%ﬁ%kp%'%ﬁﬁIg‘ﬂéV%'%l@)eZ’i?PFﬁ dnfigyetdied? Hnce,

steps 702 rasent Msrmaebeheangade cheavBkaltime 90 ppaciitg\inGhritiest) enobeagueripdtont the
Flo selesction subroutine. At step 708, the RM of the floor k recorded in step 706 is obtained from a
database of the database server (106 in Figure 1). The RMk 300 described with reference to Figure 3
of floor Kk is, if possible, used by a Region Of Interest (ROI) selection subroutine to determine a 5

$ﬁrr%vl\7¢5%ﬁzﬁbiv H?ﬁnﬁ’d\gh @&Qli%W{HWHBWC%W@G"@NE&%W%BI|E%Wr&hﬁﬁw@“@ﬁ&ﬁlﬁiﬁt&bbﬁe'oc?tei
e i ur rec at st is also,used i ction subroutine. Details o
the ROI SHOE BB BIEGHTS (16 B dL RS o PR A0 E8T% Jh 15, 10Upon
ROI selection completion at step 710, data of the selected ROI in WhICh the mobile device (102 in

Figyse 1)As kel BRI IS HRGATHR S SICREdided ?Eiﬁé B2IR5343 N8 EM1(G59n P18 hjoure 5)

most suitable for locating the position of the mabile device (102 in Figure 1) are selected. At this step,
the selectQIRO 9198984 d0% Bosire, é?ﬂé@é?ﬁﬁa%\}v”é?rﬁ‘éWomeHtﬁw@ﬁ%Bﬂ Vifefice (102
in Figuretgleomosinliketipridifie located in. After the access points that are most suitable for locating the

position of the mobile device

At step 704, a Floor selection subroutine is run on the database server (106 in Figure 1).

20  When the Floor selection subroutine is run, a check on whether a Floor selection Algorithm
needs to be run another time at step 706 to derive a floor selection decision is performed. If
the accuracy requirements of the check are met, a final floor selection decision would be
derived. If the accuracy requirements of the check are not met, the Floor selection Algorithm
of step 706 needs to be run again based on another OM (e.g. 502 in Figure 5) requested

25  from the mobile device (102 in Figure 1). Data of a floor selection decision could be just the
decided floor number. Details of the Floor selection subroutine would be described later with
reference to Figures 8, 9 and 10.

Each OM (e.g. 502 in Figure 5) received at step 702 is used in the Floor selection subroutine

30  to derive a floor selection decision of the floor on which the mobile device (102 in Figure 1) is
located. In the case that the accuracy requirements of the check on whether the Floor
selection Algorithm at step 706 needs to be run another time are not met, the Floor selection
subroutine may request for more OM (e.g. 502 in Figure 5) obtained at the position of the
mobile device (102 in Figure 1) for processing to provide more accurate prediction of the

35  floor on which the mobile device (102 in Figure 1) is located. Hence, steps 702 and 704 may
be repeated several times depending on the number of requests from the Floor selection
subroutine.
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(102 in Figure 1) are selected and the ROI is refined, if possible, at step 712, a position 20 estimate
subroutine is run at step 714 to conduct Kernel Density Estimation (KDE) for deriving a position
estimate, (X', y), of the mobile device (102 in Figure 1) and a reliability value, r', that is a variance value
indicative of the reliability of the position estimate. Details of the position estimate subroutine would be
described later with reference to Figure 15. 25At step 716, the reliability value, r', is compared against
a predetegmijed e hOHM%lP%eTﬁ‘o%r'&'tré%o%%%t% than Jg%st%%ﬁ el qoreR dlEh e Y pEthe
mobile device ?1 in'Figure 1) is‘regarded as accurate'and 1t would bé recorded and used as the
position gktiabasse setMer idile fance (L0hanRNgRR0bescsbgs WitB. efergneq alfigweld sidlotian Th2,
the main appligadinriveuiberasest REGICUIMLBY- (RO IR &R i AfifBLS \Riiiame 30 the

mobile device (102.in Figure 1) and steps 702 to 716 would be run again using data of the new OM
(0.0 02 TGP T ANACES HOTAER G TS RN (Vb B e BESH SR Edimate of

the mobiledevated I02iIOM@H08 ) Abocuk) becaiviitbatastge 604 G tal&DuwdependirsgROI hedadistance
between i GafiRcatnnpeipisal s radia-marabhaieardireisead ahslanaf90 A e arediction
accuracy desired for estimating the position of the 35mobile device. The lesser the Th2 value, the
more acdAr&i@ieges 2gtfre 8 shows a flowchart of the Floor selection subroutine 800 described with
reference to steps 704 and 706 in Figure 7. The Floor selection subroutine 800 is responsible for
decjding gn a final floor selecti ter checking a predetermi f.floor.selecti cisions
dorl b R B e s e e B R o R ST mobie
device (19pvieerifia & Higeech D 6i0sé liketio P ertersisigeosd@eeision on the floor that the mobile device
(102 in Figure 1) is most likely on. The predetermined number of floor selection decisions is indicated
by length f adecision window 802, E floor selectign decision is determined or derived based on
i OV (2 50 T TS DI ol i 2 K b TS S G o8 OTHOBARS of the
OMs (e.ged@iibindtitperendhitegeeisee i Afaiy dilferdronaenecmctat eAtiés tetdactbesseffeattia dilds
megsurements e R the AN daHiRdLRDINHRH T INURAD ddsiabiabng EsuRMS (6.9
502 in Figure 5). For instance, one such factor may be environmental conditions affecting the WiFi
receptior® Hehite BeIRCEIERT in Figure 1) or the WiFi service provision of the access 15 points
detectable at the position of the mobile device (102 in Figure 1). Hence, having the Floor selection
subroutin ' r.selecti i I lection decision
for one p@%&%%é&%%n%@%gﬁzﬁ ﬁ%@%kﬁ%ﬁéﬁg&fﬁ? %@%qég gégéﬁ@pm%}géﬁgﬁgﬁe%%re iction of
the floor th8EtHEe Fgskae! dairceqeoeangdhe X bnratines: PoRarsi'eoansise Fitbradesitisn

subroutinssfi@aie\sibrbutiine appigciatesidhbat therowohaicdf K¥raeuiDrify FshipeRisle qemdinggen the

extent of accuracy desired to be achjeved. aphic representation 804 in Figure 8 illustrates the
concept GFINY Qe R et o & T e BV 08 R e 3 s B s 4
slots arrav@ljel sidbabjsAo@mattovrilly IRBcatieinf dbeiseligbiith oflthe epriisemestintrier Belaitgioh

decision Fﬁ@b@sﬁ%ﬁ@irﬁéﬁ?%&ﬁﬂﬁwdﬁa%%%QJMBE&I ﬁﬁ_ﬁgﬂ%ﬂﬁi'%f@@iﬁ% %Qﬂdﬁr&iﬁ&!re 1). The 4
slots are sorted from the newest decision to the oldest decision. The left most slot 806 in the

representation 804 represents the newest floor selection decision and the right most slot 808 is the
old@st floAt sielectidh trecisioahilith edhtest flao cempateshagedisioa [sepeaemunatbitivededtdnedtsiot 806

and the g{olgest;flogr seleptian frsision B&H'Qrp‘és%%f@,d(??t}g theghh BRASt GlOIR0B yhen the

latest floor selection decision is queued In. In the representation 804, from left to right, the newest floor
decision Bi&"&hdlvis fiBeR e d it ARSEI&EN 2RI dWRaYY BRospeerdethanthrssdiasilg PoRfiGRafter
and lastlyesfloritd dinhdendigiig deoRries|00308F3ulfd1e) Eosiesalegtivn subgattivcod 3 hegiem With, the

Ciep 810, e o e e Y R e AR e B
deridft a fl MK GeMeR N3 Digter ol OANS @IPSSHRItPHGBreBIbbRaveRaaihePeSiaR of the
mobile devicraid @MN &t Welh FgLiss BFequeribsasbirad byamsatabess anevedr(dfe ivffigure 1)
are usedthnetggsﬁljgr(]) regt%ea?g%? fﬁleg(r)nrci)ttgwg é%\(/jlgéi\ﬁ o@%fﬁgﬂr%el‘ic H%rc])uld be in the range of 10 to
50 depending on the distance between the calibration points of the radio map of the floor k
selected at step 706 and the prediction accuracy desired for estimating the position of the
35 mobile device. The lesser the Th2 value, the more accurate it gets.
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5decision. Details of the Floor Selection Algorithm are described later with reference to Figure 9. After
one floor selection decision is derived from the Floor Selection Algorithm at step 810, data of the
derived floor selection decision would be manipulated at step 812 in a manner 10 such that in the
graphical representation 804 of the data manipulation, the derived floor selection decision is queued

into the Igfymes sHIWi Rswititatatdshl Fas sederdinio il egisNinA lghe Gesvebim@ittatacpéiiae Rdest
floor selection ision.in.the right t slot 808 would be,queued out. In the ca escribed for
Erure 8. 0Rs £ AR b Tl o The Plogr St B g o e eRfe g
final floorosetelinial floecisiaglion StepBeskinteasniedeteonned swmwbetiobflaes sasmstioaldetisiordgorithm

needs to RgifeR BRIt IeeNe @ fosnseleciiprdscisianbassdasuanathepRMotedd 1592 in
Figure 5) régi ested from the mobile devyice (102 in Figure 1). 20Mare s emf;ca}l#gi the check is

performe@ 96 Ee8eYaR filshr Delddish 'detrRSE 0N SRELULRSRIMLEG 86515191 &%%ﬁ?ﬁf&’f‘ﬁﬁem, are
equal. Intotheroibeddewidee{he? all FigueeinidicatmostHikagme. flboe predberofited sulneet niulbestorey

buiding. IR (STEEARRS R FRAALOEINBIAIPNSRENRHRR 1A Ribggecision window 802 in Figure

8, if all 4 decisions In the decision window 802 are indicating the same floor number e.g. floor 2,
requirement for 25selecting that floor number as the final predicted floor is fulfilled and data of the final
predictecciiearfvoudd betionigetisidracistonethad siegedléd ntis case, GNny.gnsoafithEigudes)jsions in
the decisj in IS indicati ame f [ 50Z in Fi would
po e STBuE o o e SR Tt A B O S o,
When th&) hi@spentedstagy giifersirpranarg1 anedifd Beecldeine®agalitotingeo Mmpasksqiiesiient set

for this casgersHeRbRMaIogRsisiaNE ARIN egunb haRtoot selagtipmguRrootine BQ st fepeat

t 81Q, 812 814 in. A predet ined ber of ti ld t for the FI ti
ubroutid%Es b el Bt B18 SUEb HRIPG DAL Bl TS AL T A A 38 et o
indicate ttexefiiofiobtivamusilbelaetertiid@d ftigueppievithed/Vifdtdesicstirmydsioneefuineraesrssmay be
impjementadhFasingiance: R 'B%W&Q%Whéerﬁ?éi@d%\ﬂ@@r(H‘G'ﬁnilﬂeffiﬁéhﬂ.fméh%?ﬁw&@f figor may

be taken to be fulfilled if 3 out of the 4 floor decisions are the same. ~ Derivation of each tloor
selection RSB BIPhaURIgYIERAiih RRYE AHIRA IR fiRfdingjecision based on more than

one floor selection decision for one position of the mobile device (102 in Figure 1) can help
to acquire more accurate prediction of the floor that the mobile device (102 in Figure 1) is on
at that position.

20
In the Floor selection subroutine 800, W is 4. It is appreciated that the number of W could be
1 or more depending on the extent of accuracy desired to be achieved. A graphic
representation 804 in Figure 8 illustrates the concept of the decision window 802. As W is 4
in this case, the graphic representation 804 shows 4 slots arranged side by side horizontally

25 andin series. Each slot represents a floor selection decision that is derived based on an OM
requested from the mobile device (102 in Figure 1). The 4 slots are sorted from the newest
decision to the oldest decision. The left most slot 806 in the representation 804 represents
the newest floor selection decision and the right most slot 808 is the oldest floor selection
decision. The latest floor selection decision is queued into the left most slot 806 and the

30 oldest floor selection decision would be queued out of the right most slot 808 when the latest
floor selection decision is queued in. In the representation 804, from left to right, the newest
floor decision 806 shows “floor 3” as its decision, followed by “floor 2” in the next slot, “floor
1” thereafter and lastly “floor 1” in the right most slot 808.

35 The Floor selection subroutine 800 begins with the presence of data representing the
decision window 802 in the database server (106 in Figure 1).
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5would be described as follows with reference to Figure 9. At step 902, an OM (e.g. 502 in Figure 5) is
received by the database server (106 in Figure 1) from the mobile device (102 in Figure 1). 10 At step
904, an N number of MAC addresses with the largest FDM value in the FDMT 602 described with
reference to Figure 6 are selected from the OM (e.g. 502 in Figure 5) received at step 902. What is

consideregd aaﬁagg@alhﬁrPfMdr&t@%wwad@@atmm@@bdNBaoavwﬂiu@féﬂia@éel@ b@ﬁwbenrﬂwgmecmion

accuracy, desired for de rm|n| the floor of t osi ile ewce in Fi ur
could be in t?le (r%nge o 8F ins H%g Af?'S'T?SFJS&? fh regardgto e se‘:_i écy}]‘(“'télta"E;lr(é]estet E%
value, if fm%ts@mml@eth@qumam foRzaifirsiaviad) @@daﬁgbee'siumélstmwm@iohha detahesMAC?2

equals tosérv%rr“{’ﬂdi@|EEMhY@|H9aF@rL%éB'Tﬁ' Wﬁ@o@%@é@ﬂ&ﬁmgmﬁ%wg MAtSmondhg eeasidered as
having the largest FDM vahue 20At§rﬁ rob bl|lﬁy that one of the N. number of MAC addresses

obsetve 8?1' R fresdr s th e dLpeETRl '8 BHIMIAL 19 AR LB Bl ol U 55
follows. P(MAC, on a floor k) = KDE_FSA(MAC RSS" RMk) 25where Pr(MAC, on a floor k) is the
probability that the particular MAC address, MAC" is observed on floor k, MAC, is a MAC address
in the N number of MAC addresses with the largest FDM value in the FDMT 602, RSS, is the
correspoféficPRSCERRE PEIBFHATS Herigien df eriveadramdie £ aanee s ine Al Rt Bike
addressesayyitf tihe Iaégeeﬁ FiodA y@lb&ﬁldm iheclsMW&NA,.be manslicaesavidiep BRGnanehanner

cor popding it M yalu T 602,
MK |sé?h tﬁ%%‘o %r%? e ro K %ﬁéiegﬁu j%FCt mtm/? %éorey éﬁ(@ A:Bn ﬁ% §ﬁn|l:lg{f§|§\ MAC"

RSS" RMRastiRmRGi®ATS PrguaiDnihthcrisirrpsirkiot SRSuRS B@dé@éﬁﬂﬂ@é&qﬁﬁw@%ﬁﬂr\mth

referencentaaigaraelfmi, iaéiﬁtgmﬁléaéI@Eﬂf&@éﬁ;ﬂﬁ%&j&%mmﬁﬂf@h&mqﬂgﬁ @,}éﬁf@%iﬂ&ﬂ@d it can

be expanded to recﬁd as lﬂﬁ? nel Densit Hﬁp rE él; E%SX Floor ele jon Al ontthm " ltis
apprecia E0 HEY S )9%tth8 athematic rl'k?ﬁ con &R 888H}e I88 é’?fs% e‘é 'anf %\ q?SS
RMK) Stepoo@tnet lepeaneidéorceaghifltmdeterminngtifstdies) tedidsetpetidodecsistep 908, a vector
15
Step 814 refers to the check on whether the Floor selection Algorithm needs to be run
another time to derive a floor selection decision based on another OM (e.g. 502 in Figure 5)
requested from the mobile device (102 in Figure 1).

20  More specifically, the check is performed to see if all floor selection decisions in the decision
window 802, in this case, 4 of them, are equal. In other words, whether all 4 are indicating
the same floor number of the subject multi-storey building. With reference to a second
graphic representation 818 of the decision window 802 in Figure 8, if all 4 decisions in the
decision window 802 are indicating the same floor number e.g. floor 2, requirement for

25 selecting that floor number as the final predicted floor is fulfiled and data of the final
predicted floor would be outputted and stored at step 816.

In this case, if any one of the 4 decisions in the decision window 802 is not indicating the
same floor number, another OM (502 in Figure 5) would be requested from the mobile
30 device (102 in Figure 1) for deriving a new floor selection decision. When that happens,
steps 810, 812 and 814 would be repeated again. Based on the requirement set for this
case, as long as all 4 decisions are not equal, the Floor selection subroutine 800 will repeat
steps 810, 812 and 814 again. A predetermined number of times could be set for the Floor
selection subroutine 800 to repeat steps 810, 812 and 814 before, for instance, generating a
35 message to indicate that the floor cannot be determined. It is appreciated that less stringent

requirements may be implemented. For instance, requirement for selecting a floor number
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5 (or also called a matrix), VEC" containing a list of all probabilities that the particular MAC address,
MAC" is observed on each floor of the subject multi-storey building. The Radio Map (RM) of the
building 914 containing the individual RM of each floor is used accordingly at step 906. VEC, is
associated to the particular MAC,. Mathematically, the VEC, is represented as follows. 10 Pr (MAC, E,

Poor Pr (84Ake fiaal BestictedMde ey Btepi&do ard difbarne Jepeatatddar varlietitisnselrctrd N
number of MAC addresses. 15After repeating steps 906 and 908, the VEC, of each of the N number of

MAC addfasses is formed. At step 910, data of the probability of all the N number of MAC addresses
being observed for each floor in the VEC, formed are summed together and stored in a matrix

representetipyiarPOf BHEhvRIBPSelRMn \{ESisibab)amaticis st tibnV REolfHRPIESE HaddRYellae formula

as follows. where 25 %the sum proba illt% that all the respective MAC addresses are observed on

floork of HP¥'E 5 SESHIRRES R Bm A |

PGRHPdR 2 'IHEbor number with the largest sum
probability in the SUM_VEC is selected. 5 The floor number selected would then be outputted as the

floor selegtionlgsisian eAMTe a9 SelaglinnsNgoBaNA0Y e amas.of desrinien.inarioped o

predicted floor number is herein &glven the expression, k sel. For the Floor selection routine as

described ORGSR HENISHIE #2 B GIERd brobability of

10 At step 904, an N number of MAC addresses with the largest FDM value in the FDMT 602
described with reference to Figure 6 are selected from the OM (e.g. 502 in Figure 5)
received at step 902. What is considered as largest FDM value is predetermined. N is a
value selected based on the prediction accuracy desired for determining the floor of the
position of the mobile device (102 in Figure 1). It could be in the range of, for instance, 2 to

15 10. With regard to the selection of the largest FDM value, if for example, the FDM value for a
first MAC; equals to 5, the FDM value for a second MAC, equals to 3, and the FDM value for
a third MAC; equals to 10, the third MAC; would be considered as having the largest FDM

value.

20 At step 906, probability that one of the N number of MAC addresses observed on one floor
of the subject multi-storey building is calculated based on the formula as follows.

Pr(MAC; on a floor k) = KDE_FSA(MAC;, RSS;, RM))

25 where Pr(MAGC; on a floor k) is the probability that the particular MAC address, MAC; is
observed on floor k,
MAC; is a MAC address in the N number of MAC addresses with the largest FDM
value in the FDMT 602,
RSS; is the corresponding received signal strength of the MAC address, MAC; in the
30  Nnumber of MAC addresses with the largest FDM value in the FDMT 602,
i indicates which MAC; and corresponding RSS; in the N number of MAC addresses
with the largest FDM value in the FDMT 602, and
RMy is the Radio Map of the floor kin the subject multi-storey building.
KDE_FSA(MAC,, RSS;, RM,) is a function for Pr(MAC, on a floor k) and it would be
35 described in more detail with reference to Figure 10. It is noted that KDE_FSA is just a
mathematical function expression and it can be expanded to read as “Kernel Density
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10 observing or detecting all MAC addresses of the access points on each floor as indicators for floor
selection. It is appreciated that the floor with highest probability of observing or detecting the MAC
addresses of the access points on that floor is most likely the floor on which the mobile device (102 in
Figure 1) is located. If the largest value of the largest sum probability is the same for two floors, one of
the two flpgligwRuid heEandqrmurSS@let%nH\l@@tmﬂat(@sm KDESF@M%%&&& BigkbiRgiescribed
as foIIows w rTr}eftere\qce1 tt? a s)l(Jbroutlne ﬂOYgl artblooo in d% ﬁ/l]]tg ié 02 MAC" RSS, and
RMKk for the oor'S e%tl%r(l)%\%(?ﬂ%‘? Xelolodin gsl?ree9 are 5 équwebl S desé‘ ibed with reference to
Figure 9, MAC, is a MAC address in the selected N number of MAC addresses with the largest FDM

value in t@ﬁét’f@MTSG%é’eﬁeerfB?Gé/&thé%%ﬁﬂﬁfﬁ%IFlgl‘érr%)ﬁbﬁlﬁﬁg'%tﬂﬁrﬁoc{f %%@@@%r@é"&wed
signal strength of the MAC addresg MAC" and RMK is the Radio MaP of a floor kin the supject

multPstotQy BERIRRYCSSBaATEEY 1§64 SRR BARIS @PPebaaiies RAA &S PHEH MY
selected aﬂbeamtm/m,,ots@9&93&36me@mhhleamatrmersnmadtaamidsisrau@m|htj(DEe@HthrMapber of

CPo in I 0 GOMIABS Ve HREAHRIMAC AR mRIArBIE 1ogh denends.on, [ isiance, the

distance between CPs andthe environment where the mobile device (102 in Figure 1) is Tocated. 30At
step 1008!5h02forY pfolaBRRGARBA LR 1§8 LerdgUED NM@CM@@@&?@GPA%(I*‘?N@# oSifirr eReriaHility
refers to thegq@imhability of the position of the selected CP containing MAC, in the RMk being the
posjtion of the mobile device (102 in Figure 1) and it is derived based on the probability of a certain
observed RSS value in the OM (e.g. 502 in Figure 5) being measured from the location of the selected
CP in the RMk. IfPthidHseorahlassumption is made that the 35 RSS values would follow a Normal (or
Gaussiany) jxoh BiitMASyibutiéroF@iction, the probability that a certain observed RSS value is taken
from the specific|location of the CP is ¢alculated by the formula as follows. where mRSSik,, is the
mean Received Sigiaf $treripfiasiraidelected CPi and it is calculated Sbased on the formula described
earlier with reference to step 408 of Figure 4, RSS, is the corresponding Received Signal strength

or super AR G0 B B G R ) -SRI OHBOY e s BB Y containing

MAC, or the corresponding 10 mRSS of that CP, depending on whether i is affixed as subscript or

SUPEYSCrigfdp 15 SHREESEIN 3G 2R %Bstﬁe hyRicarea MEIRNG Rl RAFACTHIFe 8’ RMK

that is associated with MAC" and C and B are predetermlned parameters. 15In this case, C = V(2G)
i.e. apprdQIMStEly 2.507 and B = G2 where a is the Gaussian Kernel

At step 910, data of the probability of all the N number of MAC addresses being observed for
each floor in the VEC, formed are summed together and stored in a matrix represented by a
20  sum vector, SUM_VEC. Mathematically, SUM_VEC is represented by the formula as follows.

r N

Z Pr (MAC, on floor 1)
n il

i
N

Z Pr (MAC; on floor k)

!

where
25

ZPr (MAC; on floor k)
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bandwidth value predetermined based on the environment and distance between calibration points in
the RMK. a could be in the range of 2 to 20. While the formula for Pr(CP) is based on a Normal (or
Gaussian) Probability Distribution 20Function (PDF), it is appreciated that other PDFs may also be
used, such as a Laplace PDF, Uniform PDF, or any other suitable user-defined PDF. Step 1006 is

repeatedidohalkthe prsbibiny meerafitdetpsalosimachaiprsiion awbpbdinetoseacbrof dheHePs. 25
At step 19 | th osition probability of each of the NKDE number of CPs are summed

8, al .calculate
up. This SH%%Q%BE@F@%W%@O%%S RMK), can be represented mathematically as follows. It has
been observed that the sum probability of all the position probability of each of the NKDE number of

CPsi.e. %Péeﬁ@%!\/{ﬁ@f'ld%sﬁﬂrﬁ%kW%_bﬁ%Qf%ﬁW%@%liW%%‘i%mjﬂ\?@@?i@%@i%‘t’@gﬂ.MAc’ in
the selected N number of MAC addresses with the IaH)rd%%nFDM value is observed on floor kK i.e.

Pr(MAC, OIF S VR ST HRSLABHTE, BRR LMY F‘%uf*iﬁj RRiSROHPRSTESIN SE Rehat
contains BeospeaidictivhABIgdtidncedd. step Hike, Bfr(@saciptinrtoibisk sequtevidedpnettictied Viloe of

KDE_FSMM@Q}&.@%}W}% W matically, this is represented as follows. Figure 11 shows a
flowchart 1100 of a first part of the Region Of mterest (ROI) selection 10 subroutine described with

reference to step 708 of Figure 7. The first part of the ROI selection subroutine is, if possible, used to
determin€a ey EamGREMitnthriitroie Mapiidbcifio awoprdipitttibld & i sieptBd pradasmgraied with

;efﬁl@gﬁ%ﬁ%@v%’%%ﬁdéfté@ﬁﬁs 1 RRIS YRR EQT T HEUDALE QSiMIPER e En YSS R GiERof fol Figure
floor selection. It is appreciated that the floor with highest probability of observing or
detecting the MAC addresses of the access points on that floor is most likely the floor on
which the mobile device (102 in Figure 1) is located. If the largest value of the largest sum
probability is the same for two floors, one of the two floors would be randomly selected.

15
Calculation of KDE_FSA(MAC,, RSS,, RM,) is described as follows with reference to a
subroutine flowchart 1000 in Figure 10.

At step 1002, MAC;, RSS; and RMy for the Floor Selection Algorithm 900 in Figure 9 are
20  acquired. As described with reference to Figure 9, MAC; is a MAC address in the selected N
number of MAC addresses with the largest FDM value in the FDMT 602 described with
reference to Figure 6, RSS; is the corresponding received signal strength of the MAC
address, MAC;, and RM is the Radio Map of a floor k in the subject multi-storey building.

25 At step 1004, Calibration Points (CP) containing MAC,; in the RMy are selected. The number
of CPs selected in this manner is indicated as Nkpe. Nkpe is the number of CPs in the RM,
that contains the specific MAC;. Nxpe is a variable that depends on, for instance, the distance
between CPs and the environment where the mobile device (102 in Figure 1) is located.

30 At step 1006, position probability of each selected CP, Pr(CP), is calculated. The position
probability refers to the probability of the position of the selected CP containing MAC; in the
RMy being the position of the mobile device (102 in Figure 1) and it is derived based on the
probability of a certain observed RSS value in the OM (e.g. 502 in Figure 5) being measured
from the location of the selected CP in the RM,. In this case, an assumption is made that the

35 RSS values would follow a Normal (or Gaussian) Probability Distribution Function, the
probability that a certain observed RSS value is taken from the specific location of the CP is
calculated by the formula as follows.

20



, 15be used for determining a narrowed ROI in the Radio Map of the predicted floor k sel, 1112.
However, if there is no previous position estimate (x', Arev or if the (X', Arev is marked as an 'outlier’,
the ROI would not be narrowed and the entire Radio Map of the predicted floor k sel 1112 would be
selected as the ROI. An 'outlier' refers to a position estimate that is deemed to be unreliable for
predicting the position of the mobile device (102 in Figure 1). In 20 more detail, the 'outlier' refers to a
position estimate having a sum position probability that is equal to or lesser than a predetermined
threshold, Thi, after;it ha go%g[mﬁgughmﬂgb)ﬁ y check at step 714 of Figure 7 (more specifically, at
step 151@1t{ LFFe E:th rl?dmmgd—lataﬁ% sum position probability is represented by the
following mathematlcal expression and would be dlaborated later with reference to Figure 15. 25 YPr
(CP)) Furthermore, if there is a change in the latest predicted floor (outputted from step 912 of Figure
9) on which the mobile device (102 in Figure 1) is located when compared to the 30predicted floor of
the previalepasR6S estnteate)dhe Raudivdd SigobtiRiratgist pirediekedtoOPyendld secakeldated as the

ROLsIt isparesiptad dtater R BRI AR elRRRd o meaps tbpuiefaigpal the Calibration Points
in the ROI are selected. The Region Of InterestéROl ) selection subroutine 1100 begins with step

1102. At step 1825 dspis RATEesBRRNRARFAMEC RigHR) strength of the MAC; thalds GPRiRiBeftNof the
mobile devicse(@éiadrcPigure 1) that has prewously been outputted from step 718 of Figure 7 is

retreved: 5 AL gt IBIRIRYENXMA ac supscriot o sunsPUEI AN LRSS Geiocted

as centre of the adio M. e pre
sel 1112 MheRadndinaigs orbih nerlietdgI6dt sbe Rk sentaining iMAke ArdagaropieRiRaRgng at this
stepo10Gensstiabt. @square with a predetermined length, ROI_WIDTH, centred at (X', vs)is

-k

depending on whether i is affixed as subscript or superscript to the expression RSS
or mRSS, /indicates which one of the RSS or mRSS in the RM, that is associated with MAC,,
and
C and B are predetermined parameters.
15  Inthis case, C = (2m) i.e. approximately 2.507 and B = o® where o is the Gaussian Kernel
bandwidth value predetermined based on the environment and distance between calibration
points in the RM,. o could be in the range of 2 to 20.

While the formula for Pr(CP)) is based on a Normal (or Gaussian) Probability Distribution
20  Function (PDF), it is appreciated that other PDFs may also be used, such as a Laplace PDF,
Uniform PDF, or any other suitable user-defined PDF.

Step 1006 is repeated for all the Nkpe number of CPs to calculate the position probability for
each of the CPs.

25
At step 1008, all the calculated position probability of each of the Nkpe humber of CPs are
summed up. This sum, KDE_FSA(MAC,, RSS;, RM,), can be represented mathematically as

follows.
NgpE
KDE’_FSA(MACE,RSSE-,RM,J = z Pr [CF:Jj
30 i

It has been observed that the sum probability of all the position probability of each of the
Nkpe number of CPs i.e. KDE_FSA(MAC,, RSS;, RM,) would be indicative of the probability
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'prey ._ drawn on the Radio Map of the predicted floor k sel, RM -k
sel 1112, at step 1106. This square essentially marks out a narrowed ROI. ROI_WIDTH is a value
selected based on environmental factors and the prediction accuracy desired for the position of the
mobile device (102 in Figure 1). The length, ROI_WIDTH, expressed in terms of the number of

150alibraﬂi@tntﬁ@tsetm@mena¢imayth@ sf@l(e&lé&iﬂﬁmrﬂﬂ@rl@ QalberiinesBeiNisON® lérige@pmviated
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are sele@édheocaidmwmomtssleefle@te& Hiestepmaios tbeolstmﬂf@d MA@neﬂﬂth) as dhepséftiéted ROI.

Figure 18MANG aotiovigarrtx) 200 ptsvirrerndiari-el thaRedpnkpiE nteyRaniROresisCtinn,).
subrgutlne described with reference to %FJOS of Figure 7. The flowchart 1200 is a 25continuation

fromthe HEWERAHITA00 THSPRFRSEUGEASTADYS: the selected ROI from the first part of the RO

selection subroutine represented by flowchart 1100 in Figure 11 and the OM (e.g. 502 in Figure 5)
received at step 702 in Figure 7-@5% gathered for processing. At step 1204, a union On the context of

the Prob L eor %b é z;‘;u%g f‘gﬁb s in all the Calibration Points of the selected ROl is
obtained. The umon iS DAS| aIIy AC addresses that can be found in each of the Calibration

Points of the selected ROI. The same MAC address found in two or more Calibration Points would not
be duplicated in the list. At step 1206, all the MAC addresses in the OM (e.g. 502 in Figure 5) that are

not f°“”¢|g/ld#ée UNigR RLed sRRMed Mg QMs(tecg%rﬁsztHé ‘q{S’n%fTH {erelenRePradRly ggmoves
M that is not

all 23 the MAC addresses of access points in the ikely to h e in the prediction of the

posiflon SHRRURLIREERAREd (Wb rﬁfl@f&UF@ 19 $i5e MBE Hohigesd foU’r?d Vﬁh@a@‘F@ dPeESlected
ROI are suketivussedrastiineysaiepdetdate digethe cfaatmrmefatmerlﬂmhd Rap ifotib&adijedabwiding that

is descrltiﬁg f%%pégegg{&ggq {qfdg%%pdmgﬁ S Gieal) %elﬁ%géﬁ%%%lg%m @e subject building can

be regulated by a service provi r quality an to ensure that the data is
trustworthy. On the other hand, data of the OM is gathered by the mobile device (102 in Figure 1) that

bglongs 1® t?émw@ogw@bu&wpmaﬁe?girﬂwed@aﬁ Ibl@e.l%a W@ﬁﬁwmw QOA\Fga%] JyZQt&NMA%g:
addresses from t earing In les 9 ratio tg in the s ROI
aredl r%m(?\)/eé' S‘T’%l%rfuﬁlﬁl gs%hea ré%vcvggéa g)(?lln s O |t4eac '0 b tPu H&ﬁtod%g reitﬁhoéjsrek’th Tv?/iu d most
likely be blpgmdrhélﬁﬁmethe pRcuiRtionsopeRitigrbslinaE (e mamlerdemedxlozprm Rigueekey XAps% is

a value sglecigfldpases RothpREHistion ArriREYAesikedkiardaersiiep of the preiledader (102 in

Figure 1), It could be in
g ) k_sel 1112 wou}d%e selected as the ROI. An ‘outlier’ refers to a position estimate that is

deemed to be unreliable for predicting the position of the mobile device (102 in Figure 1). In

20  more detail, the ‘outlier’ refers to a position estimate having a sum position probability that is
equal to or lesser than a predetermined threshold, Th1, after it has gone through a reliability
check at step 714 of Figure 7 (more specifically, at step 1510 of Figure 15 that is discussed
later). The sum position probability is represented by the following mathematical expression
and would be elaborated later with reference to Figure 15.

Z Pr (CP;)

icQ

25

Furthermore, if there is a change in the latest predicted floor (outputted from step 912 of
Figure 9) on which the mobile device (102 in Figure 1) is located when compared to the

30 predicted floor of the previous position estimate, the Radio Map of the latest predicted floor
would be selected as the ROI.

It is appreciated that for an ROI to be selected, it means that the data of all the Calibration
Points in the ROI are selected.

22



15range of, for instance, 25-75%. At step 1210, dAps number of access points, more specifically their
MAC addresses, haying the largest RSS values are selected from the OM. This step filters out the
number of access points detected by the OM to only those with strong RSS that would be of good help
in the 20 prediction of the position of the mobile device (102 in Figure 1) compared to the access
points with weaker RSS. Data of the MAC addresses of the dAps number of access points and their

corresponding RSS valuyes ar ed and herejn denot a variable, AP T. S i alue
cetoctod DR D R e R TR o R e s B o 0 e
1). Its serotieviadsRasiHODesHnaAgn e oicafibragen Rbiie MoDE wevicslétéedRAuAd tHeat

acceptabig £BrBRLIAIPBIER S RRAREEAJRr RERCERS Id-IgYRIviINg diRelags number of access points. If
the gﬁps number is too high, many computations are required and the position estimation time may

become unacceptable. The dAps number may be, for instance, 2 to 10. 30Steps 1212 and 1214 are
for ROI réfirséepeittod hbanetrisved ¢hihe prnassvming pedeetedRe@|deidtersfoeiiettef predi@ian of the

position o A 911 (HZIREIIN H:scOR AL GREMHD thpsselpsied Bl ey gontains

the dAps number of access points in the AP_LIST are selected at step 1212. Data of the CPs selected
are storetiCRh§58teiMierndtbtPaye - rar speresessirarathig ey 1214, MAC addresses of access
points which are not in the AP_LIST are removed from the data of the CPs in CP_LIST_1 to arrive at a

' CPs herei b jahl LIST 2. H IST ' in.th
colt o FOPSH, AL R LB o e bt T lTe el ne

mobile dEVR¥N QN Ragiuap)ohtirerstistem floohd meldRids-AlidR R siep, thebAPhiEISTPaIRd the
CP_LISTexagmytnutied foufurhanpeeessino. Frorenditiysisates data contrirad gy A LIST

1300 generated in th manner described io with reference to Fi Preéz. In Figure 1 ,the% ta is
representll 1N TEAHL 505 CAREL RS AT LA GHeRLBEN FRS RE R PRSHEL 8 AP HRd the
correspodeifize Réozivedigigaal )SitbadtngRERDIRGHBT R5613 esatdk B &rhis cipiwe ciamsebthelt the
confgnts ehfiBeiRA'EPbFRS RERSRAVING, 'ARAE SRS, 0 M Goaedipsstsrapdifisiisyrasrending

RSS values in the AP_LIST. The MAC addresses and the corresponding RSS values would vary
dependirfPBIFCRISHIERYS GlHR B ARIRO PN SRRPSRIPE MY ARG ECYY AR RedS8Fhiues of the
MAC addresses in the AP_LIST are denoted by a vector X 1304, which can be represented

mathem%tcéigba‘ﬁf(%l,oyﬁdgl"rcb‘cr'gtibrﬁegt?ﬁg%'in the Radio Map of the predicted floor k_sel,
RM, s 1112, and in the square are selected.
20
Data of the CPs selected at step 1108 is outputted at step 1110 as the selected ROI.

Figure 12 shows a flowchart 1200 of a second part of the Region Of Interest (ROI) selection
subroutine described with reference to step 708 of Figure 7. The flowchart 1200 is a
25  continuation from the flowchart 1100 in Figure 11.

At step 1202, the selected ROI from the first part of the ROI selection subroutine
represented by flowchart 1100 in Figure 11 and the OM (e.g. 502 in Figure 5) received at
step 702 in Figure 7 are gathered for processing.

30
At step 1204, a union (in the context of the Probability Theory) of all MAC addresses in all
the Calibration Points of the selected ROI is obtained. The union is basically a list of all MAC
addresses that can be found in each of the Calibration Points of the selected ROI. The same
MAC address found in two or more Calibration Points would not be duplicated in the list.

35
At step 1206, all the MAC addresses in the OM (e.g. 502 in Figure 5) that are not found in
the union are removed from the OM (e.g. 502 in Figure 5). This step essentially removes all
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RSS2 20 Figure 14 illustrates data contained in the Calibration Points of a CP_LIST_2 1400 that is
outputted at step 1216 of Figure 12. The data of two example Calibration Points, CPI( sel,3(Xk
sek3,Yk sel,3) and CP k sek5(Xk sek5,Ykare specifically illustrated in Figure 14. CPI( sel,3(Xk sel,3,Yk
sel,3) is represented by a first table 1402 and CP k sek5(Xk sek5,Yk sel,5) is 25represented by a

second taeMAO4ddfsbseiarasste tntandene SINplasinibeiRey [FEIBIAARS FigusadkBothe first

table 1402 contains C addresses.M MAC6, MAC13 E, and.the respective mean
Rocemed SRS G SR AR SRN A5 I Eiadect) The RGeS WIRATRRSELIRBETT o)
second tégeselegieddtincMAC dgsred assthvepere dgreceavimibe 3rgation AaUHe dadicessissctive
mean RegRi\eHSio palidHS MEh i MBRSKSRIR . rBiEreRekisakBureRS PRk sriskdRof imResitk sel 8. It

is noted that these mRSS values corresponding to the respective MAC addresses originate from the
Racld MAIRB e BFo IR GBI AL PE iIPRHRIRS 125, & sE MresRQuiRgs o @Y Ued(tk S80.k
sek3) andpoRtécspebricalyl, B YhsekShatdiedatz dsyuseetoihy. 30/ O attey har) Sirgs mé dtieely,
which Ca@mgedgﬁﬁ?éﬁe&%%&%%W&S(Wﬂ’ﬁ%igure 1) that belongs to a random user, the

source of the data is thus less trustworthy.

10 At step 1208, MAC addresses from the OM appearing in less than Xaps% of the Calibration
Points in the selected ROI are removed. This further filters the access points detected by the
OM to only those that would most likely be of good help in the prediction of the position of
the mobile device (102 in Figure 1). Xaps% is a value selected based on the prediction
accuracy desired for the position of the mobile device (102 in Figure 1). It could be in the
15 | range of, for instance, 25-75%.

At step 1210, daps Nnumber of access points, more specifically their MAC addresses, having
the largest RSS values are selected from the OM. This step filters out the number of access
points detected by the OM to only those with strong RSS that would be of good help in the

20  prediction of the position of the mobile device (102 in Figure 1) compared to the access
points with weaker RSS. Data of the MAC addresses of the daps Nnumber of access points
and their corresponding RSS values are stored and herein denoted by a variable, AP_LIST.
Oaps is @ value selected based on the prediction accuracy desired for the position of the
mobile device (102 in Figure 1). Its selection depends on the number of Calibration Points in

25 the selected ROI and the acceptable computation time allocated for processing involving the
daps Number of access points. If the daps Number is too high, many computations are
required and the position estimation time may become unacceptable. The daps Nnumber may
be, for instance, 2 to 10.

30 Steps 1212 and 1214 are for ROI refinement. The aim is to refine or narrow the selected ROI
further for better prediction of the position of the mobile device (102 in Figure 1).

Only all CPs within the selected ROI, which contains the dxps Nnumber of access points in the

AP_LIST are selected at step 1212. Data of the CPs selected are stored and herein denoted
35 by avariable CP_LIST_1.
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S In the expressions given for the two Calibration Points and the corresponding mRSS values, k sel is
indicative of the predicted floor (outputted from step 912 of Figure 9) of the subject building in which
the mobile device (102 in Figure 1) is located, the numbers 3 and 5 denote the respective Calibration
Point as listed in the CP_LIST_2 1400, and the numbers 2, 6, 13 10 and 8 respectively denote that the

MRSS valyegeporragpantidaddifdssddsessessyAéis MACS Aol hand NACKSTrespestiwlyd Figure
15 shows a flowchart 1 0 ositinn imate subroutine described with reference to step 714 of
Fore 7 L R o e S B A R S P AR e e

deriving 3y@siigoRRdtiphie; (Heast the rhbile2deaniting OGP mifrigerecigcied BOENE IRply A | that is

indicative,gfitesEalighiliyset themesaNesiAles Tha BRsioR AsHBRIR SWBBILIAR ARIABAVIN Step
1502, which retrleve?%he AP _LIST (e.g., 1300 in Figure 13) generated in the manner described with
referénced BUFSUrR 128 RRsBENd®LE R7AISted.y 1400 in Figure 14) that is outputted at step 1216 of

Figure 12, and the Radio Map of the predicted floor k sel (outputted at step 912 of Figure 9), RMk sei,

for procegsifidy, 1014t HIERANSTRARYAR BPR3SHY af LBGGHRANIPRMRE bldeckiffy9: 1400 in Figure
14) is 25calculated by the formula as follows. 30where CPi indicates which CP in the CP_LIST_2 (e.g.

1400 in Figure 14), Yi is a vector containing a list of mean Received Signal Strengths in a CP] of
the CP_LARQIre? 1® iustAlesindtigusatmhkedon axanmplelSY 31 3603 et atéd Id Geel mBigigiedd4cribed Xis a

ap s e d e 8 Rl Te R R e B naR T TURg e i IS SR
affixed ad\ihseldsesiesudérserifioahMalpransdoAi: gny thmaraessandimifaseicm Bigrl 2 (e.g.
1400 in W@%)%Q)?R\GSEQHHS?Q H?ﬁiﬁé@@ ke %Lédﬁ?éd&haﬂﬁe corﬁéﬁ@%ﬁ@@d&@d%@mined
P e AL SN L S o Bt s g hmainal forples of ©
AP_LIST. The MAC addresses and the corresponding RSS values would vary depending on
15 what is outputted as the AP_LIST at step 1216 of Figure 12. The RSS values of the MAC
addresses in the AP_LIST are denoted by a vector X 1304, which can be represented

mathematically as follows.

RSS,
RSS,
RSS,,
RSS,

20
Figure 14 illustrates data contained in the Calibration Points of a CP_LIST_2 1400 that is
outputted at step 1216 of Figure 12. The data of two example Calibration Points,
CPy ser3(Xk se3: Yk ser3) and CPy seis(Xk seis, Vi seis), are specifically illustrated in Figure 14.
CPy ser3(Xk se3: Yk sei3) IS represented by a first table 1402 and CPy seis(Xk seis, Vi seis) 1S
25 represented by a second table 1404.

With reference to the random samples in the AP_LIST 1300 of Figure 13, the first table 1402
contains MAC addresses MAC,, MAGCs;, MAC;; and MACg and the respective mean
Received Signal Strengths mMRSS% se2, MRSS% o5, MRSS? se113 and MRSS®, ¢s. The
30 second table 1404 contains MAC addresses MAC,, MACs, MAC;; and MACs and the
respective mean Received Signal Strengths mMRSS® se2, MRSS’ sei6, MRSS’ sei1a and
mMRSS% cs. It is noted that these mRSS values corresponding to the respective MAC
addresses originate from the Radio Map of the predicted floor k_sel (1112 in Figure 11). The

25



10 C=andB = cov where 'coy' is a 2x2 diagonal matrix whose diagonal element is the Gaussian Kernel
bandwidth of Received Signal Strength and det denotes the determinant of a square matrix. 15 The
formula for Pr(CP) is based on a Normal (or Gaussian) Probability Distribution Function (PDF). It is
appreciated that other PDFs may also be used, such as a Laplace PDF, Uniform PDF, or any other

suithablg uﬁasge\fmeasﬁaﬁ;zagﬂmggggy%gn @f@‘@P&g@&%@}?ﬁ?&th@rBC@éﬁﬁfe?fBP&‘@QBlWrg‘f’ggﬂ: CPs
in the CP, T 21 iyed. At step 1506, LKDE number qf the CPs having the, lgrgest probability is
selected. TR T o e el L B TR o 0 Sl e L PRt the position of
the 25 mobile device (102 in Figure 1). LKDE is a predetermined number selected based on the
distance betw en, goratjon points and e b g@icti n accuracy desired for determining the position
estimate of the mobilézeyice (102 in Figure 1). ftcould be in the range of, for instance, 2 to 10. 30At
step 1508, a s SSﬂM_é KDE, of 5&” the ﬁ%%fég;,m gest position probability result of each of the

LKDE nuirber piGRe at step 1506 is"compakegt with a threshold value, Thl. Thl describes the

minimum accgptable Sum|probability of the posicﬁ(‘)’?l3 stimate of the mobile device (102 in Figure 1)
&bﬂ* f Interest (ROI 153 Jetetrined based on 35the following factors: i)
envionmental; ii) distance between CPs; iii) number of AP used for position estimation, i.e. daps;

g’gtxggﬁ Rl EES L BRI SRR Cndignbh Bhints anRFRLGHAL AFeHiaGHA8S g iy position
k_sel is indicative of the predicted floor (outputted from step 912 of Figure 9) of the subject
building in which the mobile device (102 in Figure 1) is located, the numbers 3 and 5 denote
the respective Calibration Point as listed in the CP_LIST_2 1400, and the numbers 2, 6, 13
10  and 8 respectively denote that the mRSS values correspond to MAC addresses MAC,,

MACs, MAC,; and MACs respectively.

Figure 15 shows a flowchart 1500 of a position estimate subroutine described with reference
to step 714 of Figure 7. The position estimate subroutine basically conducts Kernel Density
15  Estimation (KDE) for deriving a position estimate, (x, ¥/, of the mobile device (102 in Figure

1) and a reliability value, #, that is indicative of the reliability of the position estimate.

The position estimate subroutine begins with step 1502, which retrieves the AP_LIST (e.qg.
1300 in Figure 13) generated in the manner described with reference to Figure 12, the

20 CP_LIST_2 (e.g. 1400 in Figure 14) that is outputted at step 1216 of Figure 12, and the
Radio Map of the predicted floor k_sel (outputted at step 912 of Figure 9), RM, s, for
processing.

At step 1504, position probability of each CP in the CP_LIST_2 (e.g. 1400 in Figure 14) is
25  calculated by the formula as follows.

1 z
—\x-v
Pr(EF}.): %exp ( 2][3 })

30  where CP;indicates which CP in the CP_LIST_2 (e.g. 1400 in Figure 14),
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5Th1 could be in the range of 1 0-4-1 SUM_LKDE is represented mathematically as follows.
SUM_LICDEPr(CP} 10where Q denotes the indices of the selected LKDE number of CPs at step
1506. For example, the index of a selected CP, is 1. SUM_LKDE represents how well the position of
the mobile device (102 in Figure 1) can be represented by the selected LKDE number of CPs. 15 If

SLfMI_LKDE is largerthagtdhdomasition aeﬁﬁmﬁltm@éﬂl\ezéa@b&a ?g@ St%gﬂheiqlwrgz @P}/\gfbﬂlﬁ’ebe
calculated at 10. | M_LKDE js.equal to or le Thl, reviQus ived position
vector (I, grg]/%[)né %f@pj@%b”sﬁ%éﬁv@a’ g%rs‘fﬁ‘éﬁ" Pé‘ﬁa??nt@‘&’\%aﬁ?e& C?h ?g©efer'8m'ﬂ1eepf)éition estimate
subroutine are s€ligctetatostepntainiag|a tisisof eoeresnooaing Beagiveditignaksiitasis2 i) MASep 1510

would bejghiased iAsHBaRYtlisT @egcrRnsleaiyarovs), iBieseaspIt kigste hlrigureMstep 1510, a
position estimate (2,D of the position of th?, mobile device (102 in Figure 1) 25is calcu,lateg by the
foIIO\%/ing formulg(? n@f_}q 9n %§, eﬁéll'ﬁlaf IX l@sjgﬁbscrlpt or superscript to’the expression CP or

Y, jindicates a CP in the CP_LIST_2 (e.g. 1400 in Figure 14) or the Y vector of that CP in
the CP_LIST_2, and

C and B are predetermined parameters based on Gaussian Probability Densuty
Functions. Here, the mathematical formulas of C and B are as follows.

10
(2Aps 1
C= 2x" 2 }[det [cov]][l} and B = cov
where ‘cov’ is a 2x2 diagonal matrix whose diagonal element is the Gaussian Kernel
bandwidth of Received Signal Strength and ‘det’ denotes the determinant of a square matrix.
15

The formula for Pr(CP)) is based on a Normal (or Gaussian) Probability Distribution Function
(PDF). It is appreciated that other PDFs may also be used, such as a Laplace PDF, Uniform
PDF, or any other suitable user-defined PDF.

20  The calculation at step 1504 repeats until position probability of all CPs in the CP_LIST_2 is
derived.

At step 1506, Lkpe number of the CPs having the largest probability is selected. This
selection is to pick out the CPs in the CP_LIST_2 that can best represent the position of the

25 mobile device (102 in Figure 1). Lxpe is a predetermined number selected based on the
distance between calibration points and the prediction accuracy desired for determining the
position estimate of the mobile device (102 in Figure 1). It could be in the range of, for
instance, 2 to 10.

30 At step 1508, a sum, SUM_LKDE, of all the selected largest position probability result of
each of the Lxpe number of CPs at step 1506 is compared with a threshold value, Th1.

Th1 describes the minimum acceptable sum probability of the position estimate of the mobile
device (102 in Figure 1) within a specific Region Of Interest (ROI). It is determined based on
35 the following factors:

i) environmental;

27



where (xk sehi, vk ) indicates the coordinates of each of the LKDE number of CPs, and 5Pr(Clpi) is
the position probability result in CPi. The formula basically calculates the weighted average values of
the x and y coordinates of each of the LKDE number of CPs to arrive at the position estimate (:".). To
aid understanding, for example, if Pr(CP,) = 0.2, Xk sel,1 =10, v sel,1 = 20 and Pr(CP2) = 0.5, Xk
sel,2 = 30 .dkaake belih Ry the position estimate based on CP, and CP2 is given by |- = 0.2x10 +

0.5x30 =i 7nagg)e:r0f2 %+e8'f%)r(4%s:i igﬁ'eéﬁr%?tp 15|162,Othe_ reliability value 1- is derived as follows. 15
where Pi&a I RIatrx that repre%en S the Welgﬁpéd surfifiation of all co-variance matrices 200f the

position égtimbateer of OF issadiv? pstionAsimaiiowhesédiagonal element is the Gaussian Kernel

bandwidt) gfdhR feRriRe A EsHRAINGE_ oA figHhén.(n) refers to the maximum value contained
the matrix, n. Matrix g" describes the similayity of the position estimate (s.?) to the locations of CPs that

are 75 usdld L RALRNRILARIRIAbA estihate. In other words, n describes how confident the position
estimate () is as an estimate to the position of the mobile device (102 in Figure 1). The square root of

the maxigym eJQBE\ﬁ@'k@pfﬁs"a’deiﬁ&ﬁ@ﬂ%Qﬁéa icaligapyesentation of this confidence. 30At step 1516,

the calculated position estimate (i, 9) at step 1510 and the calculated at step 1512 would be outputted
respectivelynasithe predigtepl: J..Qion of the mobile device (102 in Figure 1) and the corresponding
reliability value providedifat the calculated position estimate9) is not indicated as an ‘outlier".
Otherwise, the selected previously derived

10  where Q denotes the indices of the selected Lxpe number of CPs at step 1506. For example,
the index of a selected CP; is 1.

SUM_LKDE represents how well the position of the mobile device (102 in Figure 1) can be
represented by the selected Lxpe number of CPs.

15
If SUM_LKDE is larger than Th1, position estimate of the mobile device (102 in Figure 1)
would be calculated at step 1510.

If SUM_LKDE is equal to or less than Th1, the previously derived position vector (,3)rev and
20  previously derived position reliability value #4e, from the position estimate subroutine are
selected at step 1514. In this case, the calculated position estimate (&,+) at step 1510 would

be indicated as the ‘outlier’ described earlier with reference to Figure 11.

At step 1510, a position estimate (¥,#) of the position of the mobile device (102 in Figure 1)

25 s calculated by the following formula.

{ﬁj f} = Z PI{GE:,} (xk._:l'J _]"'k,_:l'}

JEg
hence,
x= Z Pr (.Cl:::;l) (xk_sa!,_;l'j
30 je@
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position vector (1.-.)and previously derived position reliability value 1-would be preyprey outputted.
For more accurate floor selection, extra steps may be taken. For example, with reference to Figure 7,
when the main application first starts up, the floor selection subroutine (800 in 5 Figure 8) executed at
step 706 can be made to be performed for a predetermined number of times to determine the floor
where the mobile device (102 in Figure 1) is on. Once the floor where the mobile device (102 in Figure
1) is on is determined, the decision making step 704 in Figure 7 will be made to initiate the floor
selectionssebr th{(ﬁé}()qm SFEiggre 8) if and only if: 10 i) an outlier is detected; and ii) when the
position estimate falls into floor switching regions. The floor switching regions are predefined and are
close to elevators, escalators, and stairs 15 where changing floors is possible. These regions can be
represented as squares, circles, and any other shape. The sizes of these regions are determined by
the enviraimerent angd, the. typcadlicadés thepeediofaienpieacithd Spebific tuibergfICEsukhbe in the range
of 1@5””2'100m2P%@H}?‘i@fﬂégp%fﬁBﬁiB%bﬁﬁﬁii’t’Q%%&Fini@’@king of steps 708 to 718 in Figure 7 can be
made to be manuallyactivated by the user or periodicall)/ updated by the mobile device (102 in Figure
1) automatically at time intervals set based on the application of the technology concerned. For
instance,Tog foshofpedsealyncilcstaesytealelfie sy orteyy abtmd bbthd X secondso2iVilids fgard to
retrievin servat ices. (O f il ice, (1024n Eigur )
databasgegglﬁ\a/%ﬂ?%o it @%%Qrgwl %ﬁslgé %M(%sé({r’:@égj %gﬂﬁzﬁ%ﬁf‘ éﬁ%ﬁ%ﬁmﬁ% %@a@@épagétlg |§ e server
(106 in FlgupxapRiguiti fsiEaldr8cdive data toritaiaed iR ORIECH ot 8fthkone of $eYaceess points
obsgjvahlg ahegieeiabiaien btimabileadeyier GP2dnrdtaey s Hivliresily: Toedata,fipsxsge-one or
more access point $serv ble or_30 detectable by the mobile device (102 in Figure 1) could be sent
to the da ’§Qe$§% (*1%5%3#9% e 1) after they receive a probing signal from the mobile device
(102 in Figure 1). In more detail, each access point sends data of its MAC address and the
correspoRdi v 3t hay ile device (102 in Figure 1) in the previous
example %?rggdj ?’o%ﬁygﬁ%ﬁﬁ&ﬁ@\%r?%%g%gﬁno‘%:%%ll . \%ith all the data collected from each 35
access points, the database server (106 in Figure 1) creates OMs with them. The OMs created by the

database_ser 36 ig igure: I)would then be used for further processing in the various subroutines
describedwwith/reterehide ¥o igure,/ tpprediet the flaot And position estimate of the mobile device (102

in Figure 1). A8Rantageously, in this case, the mobile device (102 in Figure 1) is not responsible for
creating any OMs and as a result it would less likely run into problems with, for instance, security or
technical features preventing the mobile device from communicating with the database server (106 in
Figure 1)/5diréetimax (R)

where Ris a 2x2 matrix that represents the weighted summation of all co-variance matrices
20  of the position estimate,
D is a 2x2 diagonal matrix whose diagonal element is the Gaussian Kernel bandwidth
of the Cartesian “x-y” coordinates, and
eigmax (R) refers to the maximum value contained the matrix, &.
Matrix R describes the similarity of the position estimate (%,) to the locations of CPs that are
25 used to calculate this position estimate. In other words, R describes how confident the
position estimate (%,¥%) is as an estimate to the position of the mobile device (102 in Figure 1).
The square root of the maximum eigenvalue of R, #, is a mathematical representation of this

confidence.

30  Atstep 1516, the calculated position estimate (x, §/) at step 1510 and the calculated r at step
1512 would be outputted respectively as the predicted position of the mobile device (102 in
Figure 1) and the corresponding reliability value provided that the calculated position

)

estimate (x, ¥) is not indicated as an ‘outlier’. Otherwise, the selected previously derived
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The database server 106 in Figure 1 may be a computer 1600, schematically shown in Figure 16.

There may be provided software, such as one or more computer programs being executed within the
computer 1600, and instructing the computer 1600 to store 10 data, communicate and retrieve data
from the mobile device 102 in Figure 1, including, for instance, the code instructions for generating a

Radio Mapgfiensubigst building, thadlepenelepjiansvstopdsitoRisslrgtionlssibroytineuossion
estimate subr?uti e described in at least Figure 7. 15 The computer 1600 comprises a processing unit
1602 for B%%Léges hg the one or more computer programs, and includes input modules such as a
keyboardfkeypacc8odaia dier s@hetdity oftcusiendedy ds taletnaba dispiwlel 808 teftxeilitate

interactionyyith the,RMAHLHSStSARAGABN 2R:TREPROCESSINg #iUt LERRIDAKDE SOnRERiRE tn a data

storga;e device gncluding database or memory) 1630 for storing, for instance, data of the Radio Map of
the subjelcOHfIdNS<BHES BLAR KRR SRt hRsHAB RETIEE P52 RY g iF e e aIPRTRts,
thresholdivadseés fetararimeathedipcrvherdphiésmbitiie saviowsiDiotimes decubeQnoeatiedisioFigure 7.
25 The p i it - - : - - 1.2 Vi it sceiver
device 1%%@ 'ﬂgﬁ/\ll%?%%ﬁtemgg)ﬁ%] gﬁ‘?ljz gc@ei%%géﬁ.ﬁgﬁ t %ew\l{ﬁf%(rjr%g% c??r_xo@}gekrﬁ#]ge{\gf{%lcﬁz@stems
such as dildde il AR aga iR N RIRNh Ol o deasienNeRIRNEVARY) Irhig w8 §ng Rl 1602
may alsoifoe connected to one or more 30 external wireless communication enabled devices 1634
(e.a.othe mobile device 102 in Figure 1) via a suitable wireless transceiver device 1632 including a
WiFitransceiver, a Mobile telecommunication transceiver suitable for Global System for Mobile
Communicationtiessre®ced: 36d 4G telecommunication systems, and the like. 35The processing unit

1602 in themaMmpdeobstiessararcrisantb ity Memeergssylshsas a Random Access Memory (RAM)
1620 and a Read Only Memory (ROM) 1622. The processing unit 1602 also includes a number of

Input/Output (1/0O) interfaces, for 31 example 1/O interface 1624 to the display 1608, and I/O interface
1626 to the&kégboswitd ey regidirearemppaiednes] cintharnprolosssinglavitdiS0 2gyqiatally, eochrtainscate via

an pintergprpected iy, #@%%QEFZ)B%&HF&?W%%E%&BHQ 4R perPgiekiecindng (RlIR@ alts The

computer programs maa%lgrther include one or more software applications for e.g. internet
accessibfity, IPePHiRiFHRLoIAB HERPS P 1ERPE 689 26D ERiEHY S Rintle environment and the

typical motion speed of people in the specific building. It could be in the range of
10m?~100m?.

20  Updating of position estimate i.e. invoking of steps 708 to 718 in Figure 7 can be made to be
manually activated by the user or periodically updated by the mobile device (102 in Figure 1)
automatically at time intervals set based on the application of the technology concerned. For
instance, for a shopper in a multi-storey mall, the time interval could be 15 seconds.

25  With regard to retrieving data of Observation Matrices (OMs) from the mobile device (102 in
Figure 1) by the database server (106 in Figure 1), which is described earlier, it is
appreciated that the database server (106 in Figure 1) could instead receive data contained
in the OMs from each one of the access points observable or detectable by the mobile
device (102 in Figure 1) directly. The data from the one or more access points observable or

30 detectable by the mobile device (102 in Figure 1) could be sent to the database server (106
in Figure 1) after they receive a probing signal from the mobile device (102 in Figure 1). In
more detail, each access point sends data of its MAC address and the corresponding RSS
value that it could have sent to the mobile device (102 in Figure 1) in the previous example
directly to the database server (106 in Figure 1). With all the data collected from each

35 access points, the database server (106 in Figure 1) creates OMs with them. The OMs
created by the database server (106 in Figure 1) would then be used for further processing
in the various subroutines described with reference to Figure 7 to predict the floor and
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network security, file accessibility, database management, which are applications 10 typically
equipped on a desktop or portable computer. The computer programs may be supplied to the user of
the computer system 1600 encoded on a data storage medium such as a CD, DVD, on a flash
memory carrier or a Hard Disk Drive. Such application programs may also be downloaded from the

computepbsitisarkstitiaie Dhenappléeatiaepig (ao2siEigead Bnd danralesLiyitsnexrsetion, bvghe
processor 1618. Inter jate 15 storage of program data may be accomplished using RAM. 1620.

P e BRETS. SR O B TR e R TR ot e s e B GA T B el rather
than sequentihliesorikely nigne iofaherebleipatevijirodpanisiangehesseordd o daghoisabldeaiussdable

medium. ﬁ@%%WH@&Wi&Q%WWGHE%%@% é’é{éﬂ%‘é@%@r@@?'{ﬂ 88 [Ragygticior optical
disks, memory chips, or other storage devices suitable for interfacing with a general purpose

computeP " ycomputer readable medium may also include a hard-wired medium such as exemplified
in the Internet system, or wireless medium such as exemplified in the Wireless LAN (WLAN) system.

The compyierpragram R Ipssiad agH X AHISLANLSUSH AL G A5BL P UERRRERROIURb RHERtIVElY

results in an apparatus 25that implements the stéps of the computing processes and methods in

example€ 19&¥&id Bedb5HR ANAViftEreraNddRe fOTNGRIR SCBSyRRRRE FOPFRGOEMRY ST tRECSIATEM 100 in
Figure 1 texngessecuasdlvnimthigdeanblienaysbe, chasgsifiettusing thedidesunamedpdntoetore

30 igation M M 704 .. le 1706
vl Do e G A e T A S R . e e
and can B f&lenfinoli@a9ds dngertioas gt ariesatreug ifseitvdarbgraniaridBsmaethtdoor

Navigatiapfodelectién?2 sasidesine thedylobirebmiicatiprMrruledlidnishnmgovaninaiieddnto
users' maopile (ﬂgvic.es ir)]the f|grm of a mobile application. The Mobile 32 Application Module 1710

provides 3% %%f@a?‘i ?gﬁta '

c&@9IF the mobile device through which the user utilizes the indoor
navigation service or reports his/her current position for tracking purposes. More specific examples of

thedltgerSEHéOPH%HﬁtbéP%WHlS’rrﬁﬁiégéaQRﬂBB@&YﬂH‘Jhﬁ ¥ vipo BEERUNG SHRIGIAS: P $ndiadroid

an mbian operatin

y compu’?er pro%rams, and includes input modules such as a keyboard/keypad 1604,
and/or a plurality of output devices such as a display 1608 to facilitate interaction with

the computer system 1600.

20 The processing unit 1602 may be connected to a data storage device (including
database or memory) 1630 for storing, for instance, data of the Radio Map of the subject
building, Observation Matrices from the mobile device 102 in Figure 1, and all inputs,
threshold values for comparison, and outputs of the various subroutines described in at
least Figure 7.

25
The processing unit 1602 may be connected to a computer network 1612 via a suitable
transceiver device 1614 (i.e. a network interface), to enable access to e.g. the Internet
or other network systems such as a wired Local Area Network (LAN) or Wide Area
Network (WAN). The processing unit 1602 may also be connected to one or more

30 external wireless communication enabled devices 1634 (e.g. the mobile device 102 in
Figure 1) via a suitable wireless transceiver device 1632 including a WiFi transceiver, a
Mobile telecommunication transceiver suitable for Global System for Mobile
Communication (GSM), 3G, 3.5G, 4G telecommunication systems, and the like.

35  The processing unit 1602 in the example includes a processor 1618, Memories such as
a Random Access Memory (RAM) 1620 and a Read Only Memory (ROM) 1622. The
processing unit 1602 also includes a number of Input/Output (I/O) interfaces, for
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5 systems. These commercial off-the-shelf smadphones are not only widely available and user
friendly, their multimedia capabilities also mean that useful features can be incorporated into the
indoor positioning platform, such as pushing relevant information to the mobile device at specified
locations or pushing location-specific awareness promoting advertisements to the mobile devices of
users. 1G:RaniprRlementsgde 18daabRAsitRpng teebsokagy D arrehite api ationeWdgboary be
freely dow 0 ded to common mobile devices, which many people would own one, the technology
would be a vantageously incorporated into the daily lives of the people. Such is analogous to how
Global Positioning System (GPS) became a staple function in modern 15 mobile phones. Instead of a

CUStom'SWIeango‘iﬁSS@m%d 59 that '?n‘b%%‘%é(h Oﬁhﬁurﬁ@@iﬁd%%@ﬁ\f”&ﬁﬁ’ﬁméﬁé’p|€|§n%@bJeCtS
with the system 1700 ?ﬁ# le and objects coul acked makln of eX|st|n% WiFi networks
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which is handled by the Account 20 Management module 1708. Through the online account, a system

administrafr éém&fé?%r%%?rh&e&%99[]“%“1‘:{&%8%”&11@6}“Iﬁﬁr%r@oﬂﬂ?é %}g&%a%ﬁé {8pgggl in, the

location of the user can be updated in real-time to the Database Module 1 Depending on the

configurdfiif "a‘?ttrﬂ‘.ﬁﬁﬁéﬁ?déme?@%ﬁ?@ﬁﬁcg‘ﬁ/lcﬁﬂﬂ@ﬁ%@%@rﬂni‘@ﬂg:a(h@n§§ﬁf@ﬁ‘ﬂw fYSBMabase
Module 17étvean becovishedito acpedisibilty, otﬂmabaeés rﬁénﬂg@rﬁd@rnagamamtan&ré@mddﬂdme 1704

ist centr ntroller of n n. I W [ |- d rom the
IRl G ke X S N SR i
module, §iBjee:Ha mﬁrwﬁ@tr@&éh@s%w%edéma@@mm'eaa@ww iforneiaiarstaERas HeYRished or
pulled fr%?&ﬂﬁgi@@@e?%%fﬁ Baf§§ﬁ|ﬂ{é5ﬁ3ﬂyaﬂgrl|@g3<§:|88 HAe |Df§R0DNﬁé/i93ﬂt(Pi' 'a:{g@l‘iﬂélﬁowoz
consists of a radio ma of g subject, multi-sto uildi siti gine
it e ek S N T A
challengiptpgishnis avedestadnaing doat@eashineits p@smmoftthéhﬁerocrm a18.nimerenediadehniques
for ?S'tdoé’fopé’&g'@ﬁﬁwg‘r‘ém%@g'&Hﬁgéwmémﬁéﬂ{?ﬁm%é‘é time-of-arrival (TOA),

time-difference-of-arrival (TDOA), and path loss determination. TOA and TDOA are often used in
proprietary wireless 33 positioning systems with dedicated hardware, such as the GPS, to provide
highly achrﬂttar}nom;timﬂegod-mmvef ttee steps rudt theitedepide inclograny irnayneat g toesen

inconve”é%’?ﬁ%[‘?ﬁhétr'ﬁq%% °6ﬂ€3‘)9r§§?9'8f theih Mté‘i’ Q%HQW éQ)s 1By Jyptem

complexi requirement o sop itlcate ess system qU|p f, cost &n Sinaccuracy (e.g.

GPS candh¥ rePRiRER ifeReehRemRsiiBntl)e | FQpidaT 1?@@aféﬁl§nﬁg'WFthu§%r@@aqq9ed on for

posztnonlmm&y)sm@ddwmmﬁdlaatﬁdu&mrmmaﬁﬁhﬁypm@@etﬁrmmr@&ﬁagméme@ﬁ&@@éﬂs and a

path loss detet n?gé%t]lon rﬂethognlesr é15eljj %Qe cbo > D E o%deé%rrrlljl e?t}gg Gn‘bqtho ubased on.a
fundamen(%a' pﬁysma? [\)%eno enon vf/)hepe attenu power increases Wit c[nstancy,e accordlng

to a certdiitigdena desdvirs medtmesugiras quﬁmmmpdmmgtm&emaﬂﬁwrﬁ@I@s pediens
measured ghthg recaiysiidda difirensadiwarn the ApgeiyaebandrianssHboRWeroyihRr Vil

end-to-end channel
loade and executed on such a general-purpose computer effectively results in an apparatus
25 that implements the steps of the computing processes and methods in examples herein

described.

With reference to Figure 17, the generic components of the system 100 in Figure 1
(expressed as 1700 in Figure 17) may be classified into 5 modules, namely Indoor

30  Navigation Module 1702, Management Interface Module 1704, Database Module 1706,
Account Management Module 1708 and Mobile Application Module 1710.

The 5 modules are generic in nature and can be accommodated to different applications
through software programming.

35
The Indoor Navigation Module 1702 resides in the Mobile Application Module 1710 which is
downloaded into users’ mobile devices in the form of a mobile application. The Mobile
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15 attenuation. Presuming that the path loss model is known, with the measured channel attenuation,
the distance between transmitter and receiver can be calculated. Now, if a user is able to receive RF
signals from a number of WiFi access points and measure each of the channel attenuations, the user
will be able to determine his/her current position through triangulation. 20 In reality however, the path
loss modabprexnehbreaaerately qsidmatedine GrapprRASGRY R YRsiahieseurtvias Hredsigucture of
the buildinaiﬁﬂl%:emenrt otf”lfurni]&Hreir%\d ht#]mvalm Elrarﬁfic ?olnditior}s. T@ qr\]/{%}'ﬁome rtrhiﬁ,,[prol:ﬂlem,fir} system
1700, an™ fingfelrjp?relnt'ijngze(%lserefe%o{o hedgoRstuction of aR3dto aﬁa for the supr%sec? Buﬁding
describedr2ciiigr) pifrasesholorzs spediihnexamples eathtifie oresrtnersobijectdsvirtingyvisuiserizrmed.
Firstly, thexemronateiis eedsibiniyasiss: Ay ad)ienis e URRIGIACERPIE éﬁaﬁﬁéﬁém@; points),
where the distance between each neighbouring anchor point is, for instance, 2 m, A calibration
recetver YRS é@é&sﬁ?&&”ﬁr&@d’fﬁﬁ%@lﬁeﬁ Bit ﬁ?%ﬁ@r@% R LY, A AV A9 Rignal
strength (RB8lyfrieirsuciboneding dpdkildssesis poiats e asedaltteatoresi stangoefivkedepofdtee B RSS to
the particla)-ARENBLEREHANG AR MASuardLsssan of (e are SRR RO RIS RISHTacdRlREnation in a

database. After going through all the anchor points, this database will form the radio map of the
environmARCITERIOGRECRSIR RYSHIBH IS IR RRBHECRUFHRNG BeRIRIBATIE ddveiirmsgisalcstigngths
from certaiobilecksscpoiotsiistentified by their MAC addresses) by the mobile device and the position
within the environment. 35 The radio map is then utilized by the positioning engine 1714 to determine
the building floor and the position on the floor of any arbitrary user through a wirelessly linked user

device. 3BYPiraB|amieiyi figeHasidnglorie PRS iR IBE\IEE ARIR Yatfe i Ttk o ARDIRHATE WiFReMBYMoN using

his/her mekile devisRatantoRisRicmBidirsyicasasimetnaRP ey alcurowndiie: Wit access
points WILQIH rgp%e/ andI a_rckéthetradlo ma r]for the Ig Stve tor trilat Is Cloi?t to t%kﬁ‘emgaﬁijred RSS
vector. THE BEURBAY Ehgind Y PR YGAHEASSIBRI T JGiHBR G hd Ve QO DR PREL S} R the

radio mapredognusstimiaow gt iblealiBesiipastidivsiine RES) decameculstdpiafanationis copdaining the
megs RSSobitNpHoRSsOIfER &Pot- Bdustolife8*aMBPpedidit 408 R thaid 484N igHEe ddkréthough

the radio map is to provide a one-to-one deterministic mapping between the 10 position and the
measurefMHARSIAL, ERRSIRG MGARIR AP WU i RAtaTt A ARG L RAR AN FRIETENTEHIPS
furniture)tricisethiay piakilye coenefeXivtisy ' ViRt bevoelationshipdmiwde mpogitrademndoildagsrement
result becomes a probabilistic one. Hence, a channel variation model is used here to determine

probabilistic relationshig between the measured RSS vector and the true position. This model will
capture tRYQIEWERIONIbPhBIREAURSIERISHOBRIONING acseHAt IMNIAR FBREHREHL LD RRABUD the time

ancday. Niagagleaiuievasiatoryosodelroetaiste dntire alsssian, Ry ehaletitadengtyatoingiin (84 the
formulas applied at step 1006 in Figyre 10 and gt step 1504 inFigure 15). It is appreciated that other
ypes of ABEBRD D Rarol R Qe 8 S Bror oA RHaRe Hed SR Gt e anc
robust chfietgariggiowodride! touRRbingetietheylatatasemdaduleniénts ddekacitg ooatiots and

times of s fia=A0H SPrFRlaliRgIhemithihe:ceRsRRBcina AR HiaflicsansitigpransitmeOnce

the position of a user is accurately determined, nawg?atlon services can be provided by searching for
the near¢ S RAFREHARIEN 408 GRBIPSRIIEDIANBHNH BHRIRGTIUSE Randled by the navigation engine.

Suitdble route finding 25algorithms are used at the navigation engine. Advantageously, the system

1700 achf‘fﬁ‘é%é@ﬁ%ﬁw@ﬂ?fﬁﬂ?&ﬂgﬁ%%%“197811‘_ S5 %ngélF'ggﬁﬁ?ﬁér%‘?iH PR RIS HEADe
deployed in the buildings for wireless data services. Hence, 30a dedicated WikFi access point
deployméhteplareiivxereshtropdoertipr unsaiefiwatihadaipRase Module 1706 and visually map

the instantaneous locations of all users. Through this module, the system administrator is
able to decide on other data or information that is to be pushed or pulled from specific users
30 at a particular time and location.

The Indoor Navigation Module 1702 consists of a radio map 1712 of a subject multi-storey
building, a positioning engine 1714 and a navigation engine. In providing navigational
capabilities, the most important and also the most challenging task is to determine the
35  current position of the user. There are a number of techniques for outdoor positioning using
radio frequency (RF) waveforms, such as time-of-arrival (TOA), time-difference-of-arrival
(TDOA), and path loss determination. TOA and TDOA are often used in proprietary wireless
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dedicated infrastructure for these purposes are not required. Furthermore, the system 1700 can
advantageously be configured to push relevant information and data to the right user, at the right time,
and at the right place. This intelligent 35selectivity will allow organizations to better manage their staff
and information sharing. It is also important in mobile location awareness marketing as it prevents a

marketingsanasinag sybishyvillitndbgidana hurdaakeesusaradaraoRsvay brvidbepiatfeisatirgether.
This accurac%( in mar tin&/is aq improvement from qurr?nt mobpile marketirrmg matf rms, like iIAdTM
S weve e or_.In e

from App?é),s {Nﬂri]c"tlppu SeS ddvertiséments rt}?;[ous(jjh'tank%o ile apps%(\)/lrthgﬂ 'ﬁ?trérlng. %?noﬁ%eru gsg(racr)up of
mobile apoyasieascdeushdppingTianisat KeatiB Ve dtrbRromensitryTIE WifisapeoviBé hiRghnd

directory siRficesoMay (g OFRRHERINGFABBRILIHERAE ARIGERING QTR fipRsAN ¢ aqsiian on the

building floor. In a hospital, if woyld be critical to keep track of where all the key medical staff and
impottant AT Rk BTS2 S AR PEAFEGFRREEOMR) tihe wasted in Searching for the right

person or equipment will seriously erode the survival probability of the patient. If the system 1700 is

deployedin dna Hespie, ILYURG MRS 1KEGRJrarRk lkE P BbRRITAGNGIHaGIGRY K and

even patients. Through the Management Interface Module 1704, a system manager will be able to
visualize SReiFtediohR ‘E'i’f’%ﬁ?pebﬁl%eaﬁﬂ’%‘?é%% HHE'SRS DRASHODE G aBXEMR é‘ﬁcgrﬁeﬂfé'i‘lci?,%e
managerduibiperafientodispaishugeg. nearest medical staff and equipment to attend to the patient. The
sys@ m 1700 can also be used as a productivity tool to improve workflows and processes as the
system is able to measure key performance metrics like average response 20 time, bed utilization

rate, etc. The@athdrsscetarraisaiiommesinsds SasehsmadundamaytahplasisalipReRATeRGRTdSE busy
SaturdayaarReen anahesherwankadediliup dedesiaaitigmas iz repanupderteasan With

th tem 1700, he/she is able t h tions i t ly to sh in the vicinity of
the restalA SREHor o7 CARRIIT PRV Ei0D I ALl G QRS LR MDA e BEVOMEGes as
one of thiie séifermtsHmpiren Aeprefenattasd T sardgiedeyradip pfosttsppedstisahe piastidely to be
seajshing fahaRkePRIREY HRONHE SRV HE RERRIOWOR IR a5HEd RBCRRSER M Eligk i the

"navigate" button and the system 1700 will show them the shortest path to giet to the restaurant from
4

their curréfieTyaLABnEIeTd @ GRRS)%iReN TROBTHES 384 GREIMAM TR RACHIRLRNIY L UPstely
connectsighabretailersivi iR eigabdy dnhs hoppabeipWiriedy coss peints Adinazsge sy oivttie the

System 100 IR AL MRIONGST DREHIOHIRKHENING Wile meda malinaalsh o e best

deals. All'the information is instantly available (i.e. pushed to their activated mo evices) at their
fingertipsriRD@tHatiftbre, the system 1700 taps on the existing WiFi networks in the shopping malls to
proy@e these indoor navigation 35and mobile marketing services. This will reduce infrastructure costs.

One applicatioq scenario otLthe %){ tem 10 is as fqtl ows. To ep'o access to. verti%erﬂentﬁ made
. | wever,.the %a joss mogdel cannot be a¢cura egae%tlmaﬁaijsam eg{an S hea Iy,

available to sSmdrtphones’in a building, consumers may downicad a mobile application’into ir

smartphaexdiiemesrsp@phsattiensBuster¢f@f the building, placement of furniture and human traffic

conditions. To overcome this problem, in system 1700, an “RF fingerprinting” (this refers to
the construction of a Radio Map for the subject building described earlier) of the whole

25  environment (i.e. each floor of the subject building) is performed. Firstly, the environment is
divided into grids containing numerous anchor points (or calibration points), where the
distance between each neighbouring anchor point is, for instance, 2 m. A calibration receiver
is then successively placed at each anchor point where it will measure the received signal
strength (RSS) from surrounding WiFi access points, tag a vector consisting of data of the

30 RSS to the particular anchor point and the MAC addresses of the access points, and save
the information in a database. After going through all the anchor points, this database will
form the radio map of the environment. Thus, the radio map gives one-to-one mapping
between the received signal strengths from certain access points (identified by their MAC
addresses) by the mobile device and the position within the environment.

35
The radio map is then utilized by the positioning engine 1714 to determine the building floor
and the position on the floor of any arbitrary user through a wirelessly linked user device.
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iPhoneTM users), AndroidTM Market (for AndroidTM phone users) or equivalents. Once a 5
consumer has downloaded the application, he or she has to create an account on a proprietary server.
The consumer will be uniquely identified by his or her username and password. He or she will be
asked to fill in a form which consists of his or her personal particulars, shopping preferences, hobbies,

etc. The préyumanglaiery iteanueerid e @Naddreemabagdrgse dderrepkdiitheitpariipartsuars in the
form could he made.optional. \When the consumer activates the maoli lication on his or her
e Bt e R R B e e e PR S8R om o
the buildiiFil eecessdreirsrdhinaiengesaedrfdsscik tretrrdioropietaryneeR®s taciagihal 3BYGFERIS data

link. Withdhgaerlesatien infsroadien. the Bé@@i@ﬁlﬁéYe‘ﬁng@ﬁ B ENRA AR K2 RUBEESHIGARI of the
advertisements %‘tge consumer, again through the 3G/GPRS data link, aqcord(gl%q%é)t e 15time,

location SIFHHERYENIONA BEMPIR BERAY APPSR BsKieinRaESRORYEM oA UPplication
describedaithivefine neetdos FigoieningightrbeamiBesniantes ©Rsacs thar (PR dn&Ts 2leBaribrahgsdpllows. It

is appreoﬁt?gd@ghmsq%éq%@q gmartphones might be different but a few of the 20fundamental
features will remain generally similar. There could be the following fundamental features in the GUI. A

Functional button or an automatically activated feature for Searching: This button or 25 feature links to

a central Altregighy thidatlihiareenss mepeanidzear ghéolospesitie teetaihigut ettappiey dbagriscnathes or
cat?gories search for specific ads frpms ecific reF%iI outlet%‘r search for ame itilg'c?aer@ w ﬁ@ﬁooms,
ea

Automatgg ellef a:[(r:]ﬁirrngaGfa(—:-stlé:r.e/gi1 Flinctiona lﬂ)%% on g}%ﬁ?@g%&%ggﬂ;f%%’ﬂ&g% ?e or indicating
what's aré®ifaovEiRSBooh uidT W fe dif enniiage Sefieplayintpisyaditisentelaonsp obgiteanithin a
predet_errlyagﬁg atee ﬁﬁéﬁélﬁéﬁ@hb%é'@? fb@_@tﬁﬂ%@)é)bFBEa‘Hmafbobﬁé‘.eHEm§a1 éh&%ﬂm%wiﬁtl@ﬁd to
advertiseme .Whlc%ﬁll’e dis Iaéed.accorg%'hq.to, location. Jtis a%greu ted that the r%%/%rtlsements are
not neceEé%ﬁj‘%&ﬁ% 856695% (PRYae eRANLELS {RERT QAR HERVEBA LR RGSHIR Fato A ¥nded to
be sharedn@®ha Fumpﬁeiﬁahbmttbmdahvdlhmmigahy detﬁhﬁtedoﬁdammemu!redima(yWHmfmppening
at the PraRgriyRAIatl Hhis DHRRAIGEE AU HE A RIAYIBRRhBAVEIISE RIS LR IRy a 37
‘the past one hour. Th

current time period of, for instance, in us, this button will lead to advertisements
which ard'8i é@%géep(ﬁ‘m@“foqﬁﬂ%ty Function (e.g. the formulas applied at step 1006 in Figure
10 and at step 1504 in Figure 15). It is appreciated that other types of PDFs may also be

used, e.g. Laplace PDF, Uniform PDF and the like.

20  An accurate and robust channel variation model could be created by making measurements
at different locations and times of the day, and correlating them with the corresponding
human traffic conditions onsite. Once the position of a user is accurately determined,
navigation services can be provided by searching for the nearest route between the user and
the destination. This will be handled by the navigation engine. Suitable route finding

25  algorithms are used at the navigation engine.

Advantageously, the system 1700 achieves indoor positioning by tapping on existing WiFi
access points which are already deployed in the buildings for wireless data services. Hence,

30 adedicated WiFi access point deployment plan, direct control over the WiFi network, nor any
dedicated infrastructure for these purposes are not required.

Furthermore, the system 1700 can advantageously be configured to push relevant

information and data to the right user, at the right time, and at the right place. This intelligent
35  selectivity will allow organizations to better manage their staff and information sharing.

35



A Functional button or an automatically activated feature for indicating what's on when the 5
consumer walks into a store: This button or feature may, for instance, shows advertisements provided
by retailers offering product promotions to customers who physically walk into their stores. A
Functional button or an automatically activated feature for generating virtual points when 10 the

consumelt Walkisdntegosiae inl g Bild e gide atwerenayd ewaik ehgtan arpiehenphsierifkatiadk into

their stores with points whjch can be exchanged for gifts ar cash vouchers. A Functional bytton or an
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store entg[fﬁg-mgz ABFUSh &éﬁ%ﬁ%ﬂ%Hg‘&ﬁi%ﬁh@%é%rrt.isemem from a store that sells products

complimentaryto 25the current store. For example, if the consumer walks into a store selling business
shirts, advertisement for another shop selling ties will be pushed to him or her. iii) Push to the
consumelihgprespitaromesigt ¥ bitioslsb& stk Xvasie antiod keyemedicaastiatt aidvirdppaatment
(e.g..chil 'S_depar ) of t tore, whe n c re-defin th iler. 30iv) Push
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15 tracked. In an emergency, the manager will be able to dispatch the nearest medical staff and
equipment to attend to the patient.

The system 1700 can also be used as a productivity tool to improve workflows and
processes as the system is able to measure key performance metrics like average response
20  time, bed utilization rate, etc. If, for instance, a restaurant owner still has a few empty tables
during lunchtime on a busy Saturday afternoon and he/she wants to fill up the restaurant to
maximize revenue for the day. With the system 1700, he/she is able to push out promotions
instantaneously to shoppers in the vicinity of the restaurant section of the mall, and also
those users who have indicated “food and beverages” as one of their selected shopping
25 preferences. This targeted group of shoppers is the most likely to be searching for a place
for lunch. Upon receiving the promotion, interested shoppers will click on the “navigate”
button and the system 1700 will show them the shortest path to get to the restaurant from
their current locations. Thus, the system 1700 acts as a virtual bridge that directly and
accurately connects the retailers with the relevant shoppers in a timely manner.
30
Advantageously, with the system 1700, shoppers may no longer need to trek through the
whole mega mall to search for the best deals. All the information is instantly available (i.e.
pushed to their activated mobile devices) at their fingertips. Furthermore, the system 1700
taps on the existing WiFi networks in the shopping malls to provide these indoor navigation
35  and mobile marketing services. This will reduce infrastructure costs.

One application scenario of the system 100 is as follows.
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The second aspect may include four features as follows. Way Finding Services: 5 Navigation &
Routing - Provide a simple and convenient service to help shoppers triangulate their location in relation
to the mail and assist shoppers in navigating their way within the mall. 10Car Finder - Shoppers no
longer need to worry about where they parked their cars. A Car Finder service automatically logs a
nearest entrance/exit door from where the car was parked allowing the mobile application to guide the
shopper l‘lxack to the car. tFooJfaIItAnalé/titcs: la Mercp%pt§ are aQI%to objectivelpé.evaluate the
effectivené)s%né)%ﬁgﬁer%%rﬁeaﬂrYS rc'g(rannﬁari]gsng]at & AW Store étrensalléﬁ %}&Sjt%ﬁc&) ld'uérrll?i‘tgﬁ\r/lgﬁlmceor?relate to
sales reveayedomioagharsathiie appbpidemints ihatianasitheees ioveaneArplicrilPovriers Gan

determingrBREPELS S/ axIRIbIATMOMAERE BBHOAG SATPERSIRT [REFSH Hiredandreiallanalytcs. The
analytics é%latform will 20 allow the mﬁll-owner cloud access to real-time analytics information and

reports, ERABHASR BRERDVERAZEF oA AERI S 0 158" g PEn B3 r RigieGe PO ARSGH B sfons.
Managerpmﬂrteﬂmnalserv_s&rral"y’be hunwmtnafﬁtﬂ doed Uoigtialy adatlyﬁied_rlgpdmes 0] bpti@ﬁzmee_rmhytéld.
Location Based AdyrRtising.2mReal4ikes $99M IRve! Rushade tising LoV RraginaeHIndeRs)
detection of shoppers and their profiles, the mobile application can intelligently push context-based
advertisifgHraterR I SNARRSRiRE R Bhecsh OpBRIES Slact eatiyM@ndaien NS GeadLeshWREHRE and run
location-kasgidadvestsimycagspaigns iktasgritid sheppets: aoahl it e dleting i gvendiomieen
30ingrease s . ial Networking: Fami Friend Finder - Ridi n the. popularity. of sqcial
e, R R e Sl e S B R A L R e
friends aRBleainiBBIMATUIEEs CONRME Te AvitdingIf el foratinmanthrositening Brererdisaacaladchelp
families tghgagtothrifisiilsreshepeBrandRaifBisietary server through a 3G/GPRS data link. With
these location information, the proprietary server is then able to push relevant
advertisements to the consumer, again through the 3G/GPRS data link, according to the

15 time, location and preferences.

An example of how a graphical user interface (GUI) of the mobile application described with
reference to Figure 1 might be implemented on a smartphone is described as follows. It is
appreciated that the GUI in different smartphones might be different but a few of the

20  fundamental features will remain generally similar.
There could be the following fundamental features in the GUI.

A Functional button or an automatically activated feature for Searching: This button or

25 feature links to a central directory where the consumer can search for specific retail outlets
according to names or categories, search for specific ads from specific retail outlets, search
for amenities, e.g. washrooms, Automated Teller Machine, etc.

A Functional button or an automatically activated feature for indicating what’s around: This
30 button or feature activates displaying of advertisements from outlets within a predetermined
metre radius (can be user-defined) of the smartphone. Thus, this button will lead to
advertisements which are displayed according to location. It is appreciated that the
advertisements are not necessarily promotion of products or services, they could also
contain any information intended to be shared.
35
A Functional button or an automatically activated feature for indicating what’s happening at
the present moment: This button or feature activates displaying of advertisements put up in a
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A method covered by the description of figures 1 to 17 may be described in another manner as
follows. 5With reference to Figure 18, there is flowchart 1800 illustrating a method for determining
location information of a position in a multi-storey building that comprises the following steps. At step
1802, retrieving observation data comprising observed addresses and corresponding observed

received aﬁg@ak sthes gesoaf wirm_ﬁﬁs’lsﬁ%,s iROIR&S M?@tﬂﬂ I@édhe'm%i,timsffﬂmﬁlxﬁ)m%a@wo(ﬁf
example, th\}s [Ielates %o she%s 702 .m(J%%ud%gd ?82 n Fl.@]ure 9 and 1202 in Figure 12). At step 1804,

retrieving, T0f each srfosr(\e’vy'o tﬁfeelﬁjﬂjslf) , aradio Pr?ap?{ o example, 412 in Figure 4) comprising a

plurality of location points in the respective storey of the building from 15 a database, each location

point COWF@H&Q@@&V@@@&% &nQnC_Qﬁ'iﬁﬁFhQiBQWQam%fbéeﬁ%iﬂﬁQ ﬁjg ﬂ%lié_éi od W %éﬁ_ & ess
pomg detected at the location gomt nd coordma{gs of the Ior?atl,on gomt or example, this relates to

step2 708TAEIGEFSFREIDY R BRYGrd 16 PLAPD B 1BRiure TR%rar18Y3NR%glRY S Ve6iReERER 806,
selectingpvoddedng nelaitart arif edigt e oo nisorgatien o s enstohaetd nebs gah fisicalth v adtdiotontapi For
example ({gjsdelates to step 1004 in Figure 10). At step 1808, determining a storey estimate of the
position by calculating a sum probability for each storey of the building, the sum probability being
calculated by summing all individual 25 probabilities of each observed address contained in each
selected pocatetiopairtutdherasiamapicdly mIpanityecatareydrejpgaletiagtenton hsnespestve

storey, and. sefti t estimat the storey. of th iJding havi ighest eoft
cal ot ey AT ARy, PO S8, PR LN OF BRI T RN e
correspoRbisiFAIsardkdirkR dieit sigiesl SttBnBeNtT Ytk a0 obrcrveltPadededy iniBai®eaahselected
30 locatig peigtsand the corresponding mean received signal strength in said each selected location
point containing said each observed address (For example, this relates to the steps in Figures 9 and
10). The method may further comprise at step 1810, determining a position estimate of the 35 position
based onAweightiedal\aitiee eahnesuid wat edityatet witey deptsedeiore thtizaitignviwite cueleirtiddgaid each

I‘;PSPS" Velgr?él%ﬁé% iRether RAigURGP &f Hikrsipais ety d fea B BRiGRigVERER LA eSS in
'gure r)e'tailers who are on a preferred list defined by the consumer. When the consumer physically

walks into a participating outlet, a system server will automatically push to the consumer’s
smartphone information specific to that outlet.

20 It is appreciated that other than pushing information specific to a current store that the

consumer walks into, there are the following alternatives.

i) Push to the consumer an advertisement from a competitor of the current store entered.
ii) Push to the consumer an advertisement from a store that sells products complimentary to
25 the current store. For example, if the consumer walks into a store selling business shirts,
advertisement for another shop selling ties will be pushed to him or her.
iif) Push to the consumer special promotions if he or she has spent X amount of time in a
particular Y department (e.g. children’s department) of the store, where X and Y can be
pre-defined by the retailer.
30 iv) Push to the consumer items in his or her personalized shopping list (which has been
uploaded into a database server earlier) which can be bought from the current store.
v) Push to the consumer credit card promotions that are applicable to the current store.

A proposed solution for the system 100 described with reference to Figure 1 may include two
35 aspects. The first aspect is infrastructure for indoor detection, which has been described
earlier with reference to Figures 1 to 17. The second aspect is location services developed
to leverage on the detection capabilities of the system 100.
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The selected one or more location points may be selected from a filtered region of interest in the radio
map in the step of selecting one or more location points comprising the observed addresses from the
radio map (For example, this relates to the creation of CP_LIST 1 5described with reference to 1212
in Figure 12). The method may further comprise extracting a number of observed addresses with
corresponding received signal strengths above a predetermined value (For example, this relates to the

creation q AP LISJ desc;ibed wit refgrenfce t0 1210 in| Iﬂgure 12). 10 The observed addresses that
© SESPNd aspect may inc L%de oyr eatvre%%sfolo . . . )
are not extraCtéd may be removed trom the selected one of more location points (For example, this

relates to the creation of CP_LIST_2 described with reference to 1214 in Figure 12). 15The region of
interest inihe FadiagraRvieay: be filtered based on vicinity of a previous position in a multi-storey
building (For example, this relates to steps 1102 and 1104 in Figure 11). The step of determining a
storey estimate of the position may comprise the following steps. 20 Firstly, calculating, using a
Probabilityaigasdy &urumiion, aFrstida ki simolzatdeconhyrolbabdapyiobd dirssslegiper focaiignlatethe

selected jacation.points heing s AAsilien Ahineeepledndre: PAsad AR aPTESAIRMing @bserved

received signal strength of a first observed address in the first selected location point and the
correspomﬂprg mean received signal 25 strength in the first selected location point containing the first
observed address, and secondly, calculating the first value for each one of the selected location points

(For example..this rel to ste 6.in Fi 10). Thirdl | irst yalyes calculated for
the{s(ilecr?e_:%e@(@%{)ﬁ %ﬁéﬁg ?rﬁstl 81%9 5 rrrl]gé%g[)gov}lgg% S 8%?/’?1 v%ﬁ%?gﬁ ?{%& %élﬁ%t}é ?c%c’a;tiioé%goints all
contain aFdAMeRNdeRcvianatiorbsdogs qetneawshRMtianse/axnd fnatHipreaMaeinberas&@id value

for everyahresvar @rdrersrHyal SZPMAMH (o uiraplendpiereatridenetenr1008 in Figure 10).
Fifthly, summing up second values calculated for each storey of the building to get a third 35value (For

example, step 910 in Figure 9) and sixthly, selecting the largest third value as the storey estimate (For
example FondablAredyticstep 912 in Figure 9).

15
Merchants are able to objectively evaluate the effectiveness of their marketing campaigns,
the new store design/layout and quantitatively correlate to sales revenue. Through real-time
monitoring of in-mall shopper’'s movements, mall owners can determine shopper’s behaviour,
movement patterns and popular routes through footfall analytics. The analytics platform will

20  allow the mall-owner cloud access to real-time analytics information and reports, enabling a
quick overview of the situation on the ground for high-level strategic decisions. Management
can also analyse human traffic and footfall analytics reports to optimize rental yield.

Location-Based Advertising:
25
Real-time, shop level push advertising - Leveraging on indoor detection of shoppers and
their profiles, the mobile application can intelligently push context-based advertising
materials according to the shopper’s exact location (5~10m). Merchants can create and run
location-based advertsing campaigns to targeted shoppers enabling real-time intervention to
30 increase sales.

Social Networking:

Family and Friend Finder - Riding on the popularity of social media, the mobile application
35 will enable shoppers to share their real-time location with selected friends and family
members. Such a feature will help facilitate the meeting of friends and also help families to
track their children and grandparents.
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The method may further comprise selecting the observed addresses with variance of detected
received signal strengths that is beyond a predetermined variance from the radio map of each storey
in the building and in the step of selecting one or more location points comprising the observed
addresses from the radio map, selecting the one or more location 5 points comprising the selected
observed addresses with variance of detected received signal strengths that is beyond the

predeterruined ayiance.(For sxample s islates.(ossien. S04 1 Eigure ) The method ma further

comprise receiving observation data ' wirelessly“from a mobile device 1ocated at the position in the
building, 8sddlevsrvation data comprising observed addresses and corresponding observed received
signal strengths of wireless access points detected by the mobile device at the position (For example,

step 902 and covering the case where the method is performed by a server such as the database
orvar 1ONTH RS, B Pndind(IRMET L o0 SRIBR oL 08 o el ARG
position, kinatdserfeatiait aadd T pnHiiesing o bsdtivedrag Oregsesthaidcoonpesps trtbrigliobsey\stebe ceived
signal strengths of wireless access points detected [For example, step 902 and covering the case
where the method is performed by a mobile device (For example, 102 in Figure 1) and also the case

where th&niishid&9evi& @ aeerapRliaboair ERIURESINGCRSRRHF A8 STET 9T ARE FOF RARER e,
databaseobesvesd iz éivEdgsigmdl. stieagtetiod dineiys fLutves s paiprisaetepeatutgraasbsiem dfonetermining

the sjorey.gxlinale @ RIEdGEIined IR QLITSaPRoe a0 MOUIANAUE ohsgrvataggta 0

_ one preliminary storey estimate and selecting as storey estimate the same storey
25havingtBerRaigest third value in the predetermined number of times (For example, this relates to the

steps in Figure 8). An apparatus covered by the description of figures 1 to 17 may be described in
another manner as follows. 30 An apparatus for determining location information of a position in a
it Sto G TR R R BRGSO COrpUITRe = ERI)E B BT chiane. 2
memory ngete mmnmmiﬁwchdiwaiilt'wef lmdtmFbMQ)SHBr’é@'dﬁsgéntma’ﬁmlefdgeibei|:dﬂ@ i’rlidﬁig_ure 1,
RAW 1620 i igse 29anibaaiasiirgedfgisind e dkiansiQung irivg iR LRt &aiearising

observed addresses and corresponding observed received signal strengths of wireless access points
detected 29MRE SEIALIT @IV BIERRFACOTE PR iHatRGIFE @) the location point and coordinates of
the location point (For example, this relates to steps 708 in Figure 7, 1002 in Figure 10, 1112

in Figure 11 and 1502 in figure 15).

20 At step 1806, selecting one or more location points comprising the observed addresses from
the radio map (For example, this relates to step 1004 in Figure 10).

At step 1808, determining a storey estimate of the position by calculating a sum probability
for each storey of the building, the sum probability being calculated by summing all individual

25  probabilities of each observed address contained in each selected location point in the radio
map of the respective storey being detected on the respective storey, and setting the storey
estimate as the storey of the building having highest value of the calculated sum probability,
wherein each of said individual probabilities is calculated based on the corresponding
observed received signal strength of said each observed address in said each selected

30 location point and the corresponding mean received signal strength in said each selected
location point containing said each observed address (For example, this relates to the steps
in Figures 9 and 10).

The method may further comprise at step 1810, determining a position estimate of the

35  position based on weighted average values of coordinates of every selected location point
containing said each observed address in the radio map of the estimated storey (For
example, this relates to the steps in Figure 15).

40



Secondly, a database (For example, 1630 in Figure 16) for storing, for each storey of the 5 building, a
radio map (For example, 412 in Figure 4) of a plurality of location points in the respective storey of the
building, each location point comprising addresses and mean corresponding received signal strengths
of wireless access points detected at the location point and coordinates of the location point (For
example, this relates to steps 708 in Figure 7, 1002 in Figure 10, 1112 in Figure 11 and 1502 in Figure
19). 10 Thrdl, 2 pracessing ol (Eorexample, 1602.n.Fias 4G forselesing ene n mers jocation
points comprising the observed addresses from radio map (For example, s relates to step 1004
in Figurethe):atBT mapiodessirp iis¢girstiogangle; TE02 lpcEiguredal haybiéscantiguebseiyed
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building, the Siﬁm propabili calcula summing all individual probabilities of each observed

ty bein llated b
addréss E61i¢H %ﬁ"i’ﬂ%%ﬁ%@?@lc &Ei%éﬁﬁ%b%{n‘t%h the radio map of the respective storey being

detected on the respective storey, and setting the storey estimate as the storey of the 20 building

naving highestyalua ghe alfulateshayRLPiabakiliy. WneLRBEACh ohsaiddadiidalduobaflies is

calculated based on the corresponding observed received signal strength of said each observed
address FPESRPRATAG ERSENEInBINSIERIIER RV GrRGSSHRITME Ao A e dERe &SR stRkhgth in

said eachdetiestedhecadiaiivpainARonISNMG Gdiddath eiservestaddress (Fgurexayple, this relates to
the steps in Figures 9 and 10). 25 The processing unit (For example, 1602 in Figure 16) may be
further configured for determining a position estimate of the position based on weighted average

values offopaRINes Gidsesyeselbatetadmitonrpeied contdififgRAEbHem dhecseleated e 9in the

radio mamefdhecasbimadadsstpror exaRipRXanPIRIdRS ielnesriution stepp INIBIYYrIds)isky The selected
one or mor, Iocati%)n%qints E?%‘/ég?é,eleded from a filtered region of interest in the radio map in the
r tion

step of séf %E?r?ﬁ% e #n'gre points comprising the observed addresses from the radio map
(For example, this relates to the creation of CP_LIST_1). 35The processing unit (For example, 1602 in

Figyse 16pmayhe-fusthaicroaiiguird fanRxHagtings pemmersf 8Rseived ardiergsaviiitvious

corresponding received signal strengths above a predetermined value (For example, this relates to the
creation BPEFPTLYSF MUY IR His FipERIASEaSId) DR HRARE s the

selected ohe or more location points (For example, this relates to the creation of CP_LIST_2). 5The
region of interest in the radio map (For example, 412 in Figure 4) may be filtered based on vicinity of a
previous position in a multi-storey building (For example, this relates to steps 1102 and 1104). The

step of dafsiRRRY delesniyirgasiaey PaldptridheRas ieM PRk SARPEse B B NHGsSIeRS:
20

Firstly, calculating, using a Probability Density Function, a first value indicative of probability
of a first selected location of the selected location points being the position of the mobile
device, based on the corresponding observed received signal strength of a first observed
address in the first selected location point and the corresponding mean received signal

25 strength in the first selected location point containing the first observed address, and
secondly, calculating the first value for each one of the selected location points (For example,
this relates to step 1006 in Figure 10).

Thirdly, summing up first values calculated for the selected location points in the radio map

30 of one storey, wherein said selected location points all contain a common observed address,
to get a second value and fourthly, calculating the second value for every observed address
that is common (For example, this relates to step 1008 in Figure 10).

Fifthly, summing up second values calculated for each storey of the building to get a third
35 value (For example, step 910 in Figure 9) and sixthly, selecting the largest third value as the

storey estimate (For example, this relates to step 912 in Figure 9).
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The step of determining a storey estimate of the position may comprise the following steps. Firstly,
calculating, using a Probability Density Function, a first value indicative of probability of a first selected
location of the selected location points being the position of the mobile 15 device, based on the
corresponding observed received signal strength of a first observed address in the first selected
location poiat AREhHIE BRI CRPOREIRGMAILIRE resiebiRg Sinmabisiengihdadha dist aaleciglasatian point
containing fhe, st observed;address, and secondlyalaulating the fst vals fereash, ane, gfhe
selected location poml[s g:mgexamplec,J IS reﬁa es 1o step P in rII—Jlgure fB?”QS {rﬁlrdfy, summing up
first valugsaatd taaidstoralénsiie dreittliog stivhip dietStertioé seldidingapnef one v tegatiohepeintsaid

selected RAIINBOIESORY SQBERHY 8 EQEBERENP RS YRR @ﬁ%?_%%lé@ciﬁ&ttﬁe's@ﬁ@%@ N@#@l@é&iié‘ﬁurtmy,
calcuylating the second, valée for every observed address thﬁt IS comm QE,éFor example, this relates to
e
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building tstrgeptnshindt velsy §Rotiexarepitetimin ed|ateisnoeste prE&kanmpleighie rejeesltsistap/98¢lacting the
largest tl"r'trigu\{gly > as the storey estimate (For example, this relates to step 912 in Figure 9). 30The
processing unit (For example, 1602 in Figure 16) may be further configured for selecting the observed
addresses with variance of detected received signal strengths that is beyond a predetermined variance
from the Tadionmeaof eaghfstvkey dortipeidaitdueymigd dosbe siop ohsel@digngssnef@nmarenissiation
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observation data wirelessly from a mobile device located at the position in t uilding i.e. the
apparau TS D8 TEERLE LT GRLBLSU Cero e Je A0 SVE), DRE B atls may
comprise a detector (For example, 1632 in Figure 16) for detecting the observation data from the

POS{HON ixgh S AHAARY SR BEAuMQPYE a1 Nsena BN IR AP EGIGIER, ABEsIsatids case

where the mobile devicé (For example, 102 in Figure 1) is acting as a server like, for instance,
database 8B MISIE P FEBRAE'AY PEFHRS$5DABSHRY TP TEBIRIRNRY 1RtV RASIGOR SN be
further carifgrsiedSaicoeps aibirgssdedestep [Haleteamphin gtipe XD raydesiumdatg &hpreabetevheirethenumber

of times ?ﬁeﬁgggg%gﬁsrmsg BNS ARy AloRd F%Qé%‘r\ffé,%éei rﬁfﬁ&ﬁ@% PE‘?#M%%%%‘%‘%%

estimate; an mé%as e storey estimate the same storey having the largest third value in the
predetermifs8 B (RAVSTHECE-RAPRIC thI97eladOtsahY SfeBstiRd-Rfure 8§rves like, for

20  instance, database server 106 in Figure 1.

The method may further comprise repeating said step of determining the storey estimate a
predetermined number of times based on more than one observation data to collect more
than one preliminary storey estimate and selecting as the storey estimate the same storey

25 having the largest third value in the predetermined number of times (For example, this
relates to the steps in Figure 8).

An apparatus covered by the description of figures 1 to 17 may be described in another
manner as follows.

30
An apparatus for determining location information of a position in a multi-storey building that

comprises the following components.
Firstly, a memory [For example, a memory (flash memory, hard disc drive, and the like)
35 residing in the mobile device 102 in Figure 1, RAM 1620 in Figure 20 and data storage 1630

in Figure 16] for storing observation data comprising observed addresses and corresponding
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Many modifications and other examples can be made to the method and apparatus for determining
location information of a position in a multi-storey building by those skilled in the art having the
understanding of the above described disclosure together with the drawings. Therefore, it is to be
understood that the method and apparatus for determining location 20 information of a position in a

multi-storgsbriddingdsivi Kighallistrdagtie thievakmyss desedptinns isiewedereir gosiiandrbat
possible g(gﬂ%fi&ati&gsgg itno Ieuirnc ded in the claims of the disclosure. CLAIMS 1. A method for
determining [0E&tioN mrormatioh of position in a multi-storey building, the method comprising:
Sretrieving observation data comprising observed addresses and corresponding observed received

signal StrSB&Sh@I?,f M"Eﬁ{_§§§s%09f‘q’?sé9@m§eqe1t6f3€?ﬁ’1 qiiéheepp@it%gn sffé%g’?} 'fB?@éU_N;storefedf iﬁﬁéng' for
each_storey of the building, a radio ma#i) omprising . a plurality of location points in the respective
Hih ki IR IG DI

storely of B AGHB AP KRR S ibI G 1 DRBFRINGPARFRINL DR 13 % ponding
mean recespEdtbignstioséne rajthiseobuildihgs scacbe ke ginntpdiete ctedpasing ddieesegoartcamaean

coordinates, at a3 IrANOLRBNGIgnal SHGTIRG BNGiAYGQrEJosaling RIS &QBYPHSING 1BERBRerved

addresses from the radio map; determining a storey estimate of the position by 15calculating a sum
probabilifofBF dtRAEHEHES HSUREAIP IR IBLR B BKABRIE, Bitiglaiag ietPsy Wifrhiagalr
individual poebalpiigies 0 cacipobseguasadgiessopmainrddn Bach selected location point in the radio
map pf the respective storey being detected on the respective storey; and setting the storey
estimate as the storey of the building having highest value of the 20calculated sum probability, wherein
each of sBidhdidderacpesingbitiedfocaxamaled BR98dIbNHaE€ores RN arecingQvedretiitRd signal

strength pfcadishqashtokepiyasRIHe Shi SR sadlesRisaiem asatiandaapard ke sapespasding
mean receL\a/Fd ﬁciﬁqal sﬁt@)%qthgn said each selected location point containing said each observed
address."25"'%® ¥he Wet 95 @difhmed in claim 1, the method further comprising:

15  The processing unit (For example, 1602 in Figure 16) may be configured for determining a
storey estimate of the position by calculating a sum probability for each storey of the building,
the sum probability being calculated by summing all individual probabilities of each observed
address contained in each selected location point in the radio map of the respective storey
being detected on the respective storey, and setting the storey estimate as the storey of the

20  building having highest value of the calculated sum probability, wherein each of said
individual probabilities is calculated based on the corresponding observed received signal
strength of said each observed address in said each selected location point and the
corresponding mean received signal strength in said each selected location point containing
said each observed address (For example, this relates to the steps in Figures 9 and 10).

25
The processing unit (For example, 1602 in Figure 16) may be further configured for
determining a position estimate of the position based on weighted average values of
coordinates of every selected location point containing said each observed address in the
radio map of the estimated storey (For example, this relates to the steps in Figure 15).

30
The selected one or more location points may be selected from a filtered region of interest in
the radio map in the step of selecting one or more location points comprising the observed
addresses from the radio map (For example, this relates to the creation of CP_LIST_1).

35 The processing unit (For example, 1602 in Figure 16) may be further configured for
extracting a number of observed addresses with corresponding received signal strengths
above a predetermined value (For example, this relates to the creation of AP_LIST).
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determining a position estimate of the position based on weighted average values of coordinates of
every selected location point containing said each observed address in the radio map of the estimated
storey. 30 3. The method as claimed in claims 1 or 2, wherein said selected one or more location
points are selected from a filtered region of interest in the radio map in the step of selecting one or
more location points comprising the observed addresses from the radio map. 354.The method as

claimed in,dlaime 15 org, hemelhod fupher somprising: o (Sxracting & fumber of ghseryed
addresses with corresponding received signal strengths above a predetermined value.” 5. The method

as claimedoire ddarion, pefrdseinothexasigy tisadthtessedhb areatonsf &Rrddfed dre removed from the
selected one or more location points. 56.The method as claimed in claim 3, wherein the region of
interest in the radio map is filtered based on vicinity of a previous position in a multj-storey building. 7.
The Tethdt ZECHPAdE Fichy dRE BRI HEeh Ui e A8 B BN RnE & SEo By Ebtimate
of the positigiTiodyngsingyvibdsgiosibvim@) asmgtisstreldiilidinD ¢hsitgxammitioijarélsteedustapdicative of
probability,gba, figst ﬁg{?_cted location of the selected location points being the position of the mobile
device, based on the corresponding observed received signal strength of a first observed address in
the first selected location point and the corresponding mean received signal strength in the first
selected Torasiep poirieontaiyrostbe firsitphservethagdsars dHagalonipiisg ithestispt \w@ltisléovseach one
of the selected location points; summing up first values calculated for the selected location points
in the radio map of one storey, wherein said selected location points all contain a common observed
address, tHgjeler steeiavalne asiaresiesliainig ehéheRasHiPYaNM rANEVES HBJelouiNadiRess that is
common; 20summing up second values calculated for each storey of the building to get a third value;

and Selelc-tllr%%yt,hga g{l ?ﬁ]tgt,htljrsqn\éacllu rggattrnllﬁtﬁt&rae i%/SEumnactt%n, a first value indicative of probability

of a first selected location of the selected location points being the position of the mobile

15 device, based on the corresponding observed received signal strength of a first observed
address in the first selected location point and the corresponding mean received signal
strength in the first selected location point containing the first observed address, and
secondly, calculating the first value for each one of the selected location points (For example,
this relates to step 1006 in Figure 10).

20
Thirdly, summing up first values calculated for the selected location points in the radio map
of one storey, wherein said selected location points all contain a common observed address,
to get a second value and fourthly, calculating the second value for every observed address
that is common (For example, this relates to step 1008 in Figure 10).

25

Fifthly, summing up second values calculated for each storey of the building to get a third
value (For example, this relates to step 910 in Figure 9) and sixthly, selecting the largest
third value as the storey estimate (For example, this relates to step 912 in Figure 9).

30 The processing unit (For example, 1602 in Figure 16) may be further configured for
selecting the observed addresses with variance of detected received signal strengths that is
beyond a predetermined variance from the radio map of each storey in the building and in
the step of selecting one or more location points comprising the observed addresses from
the radio map, selecting the one or more location points comprising the selected observed

35 addresses with variance of detected received signal strengths that is beyond the
predetermined variance (For example, this relates to step 904 in Figure 9).
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8. The method as claimed in any one of the preceding claims, the method further 25comprising:
selecting the observed addresses with variance of detected received signal strengths that is beyond a
predetermined variance from the radio map of each storey in the building; and in the step of selecting
one or more location points comprising the observed addresses from the radio map, selecting the one
or more |pRAtPIPACINIS LRNBORIPGHE seler&d BoobsaiRe addrerserywih sananceabingtamied
received s[i)%n%} sﬂtr(ra]n(%] S VE'?ra[ IS lPeYropnd thr% fﬁ)ri d(at%rimirfed va iapfhe. 9. 'llEh(F:‘1 rirr}et%hog a]aiﬁlaiimed in any
one of th8 preec%d?ng C e%ms,e & hetod rirther coemﬁﬁsf)r?gf: raeceﬁ/iﬂaso SSevation da aQNi'ree'Iessly
from a mibisileppevates|ornde atservgidsivioexpmple slatdhagethersdistdGandigdegd comprising observed
addresses and corresponding observed received signal strengths of wireless access points detected
by the mabile device at the position. 10.The method as claimed in ar}/, one of the preceding claims, the

method fURREPBREHSHORY COMP AR SRE AR 4R TR 4Pt BoHER, the'3bLeitatihtata
comprisinsHrsativedatdiress dsegubition ésp drel app atases redyrbecavad signizvstec(rgthexampleless

access p?@%q%%%e% FU-hddmanetood As SHERdie R (g &Smgb%ﬁ‘ﬁ‘{ EemRrgIRo:

repeating said stép of determining the storey estimate a predetermined number of times based on

more thaRHRe BHASRABHHGalT thTBINERt AFRRABRACHIRE pPSIHENSlorey estimate; and
selecting as the storey estimate the same storey having the largest third value in the 15predetermined

Bﬂn ﬁﬁﬁ@;@%&%ﬁg (?Otg)rrﬂf;@ HS{; : QL ARIErMey2e e cRlioR MY MANI Y ARARSINLBHRLA B ptorey
repeating said step of determining the storey estimate a predetermined number of times
based on more than one observation data to collect more than one preliminary storey
estimate; and selecting as the storey estimate the same storey having the largest third value
in the predetermined number of times (For example, this relates to the steps in Figure 8).

15
Many modifications and other examples can be made to the method and apparatus for
determining location information of a position in a multi-storey building by those skilled in the
art having the understanding of the above described disclosure together with the drawings.
Therefore, it is to be understood that the method and apparatus for determining location

20 information of a position in a multi-storey building is not to be limited to the above description
contained herein only, and that possible modifications are to be included in the claims of the
disclosure.
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a memory for storing observation data comprising observed addresses and 20corresponding observed
received signal strengths of wireless access points detected at the position; a database for
storing, for each storey in the building, a radio map comprising a plurality of location points in the
respective storey of the building, each location point comprising addresses and mean corresponding
received gignaistrengths of wireless access 25points detected at the location point and coordinates of
the location point; and a processing unit for selecting one or more location points comprising the
observed addresses from the radio map; the processing unit being configured for determining a storey
estimate bf the poziethedioc seiermingea losaiigrabiabiialiéordzchogtostdre of ihetdigidhnddire sum
probability bgiaghealssiaiagiRy: summing all individual probabilities of each observed address
cont%ined in each selected locatign point in the radio map of t%z respective storey beir%g detected on

the réspective sTOFY ShdPPSeriiHg PRE S VY Eith RB°58" & ARGV B highest
value of thesenled|stee\sahsipnabatrdityi35Setvereles e ackhaskgzohindieideiabpabthalpdasdso s faaicalated
based onthg, ;responding observed received signal strength of said each observed address in said
each selected location point and the corresponding mean received signal strength in said each

selected locatioFEBHNBoraisRy stitreadh dirdivedtingd deedia 3nPRe SRS APl e claim
12, the precgRsingplnndt ibaing respeereosiigayest Herbuildig fesmiaitgtabzesitieacadtvaditeh Qiding
posjtion ed.on weight ver I of coordinates ve locati oint containing
A LR R S e N A T S e o
in claimsPENgt dgegind @ithedasaina enicns seandnaieeafitie perativarosdlected from a filtered

region of interesfdiRdhigyr A HhaRoiie theier phinalessnprin) AheneredreRtiandPessts GRsnrpiisng the
observedr gléjlgrrﬁgg?s from the radio map.
determining a storey estimate of the position by
15 calculating a sum probability for each storey of the building, the sum probability being
calculated by summing all individual probabilities of each observed address contained in
each selected location point in the radio map of the respective storey being detected on the
respective storey; and
setting the storey estimate as the storey of the building having highest value of the
20  calculated sum probability,
wherein each of said individual probabilities is calculated based on the corresponding
observed received signal strength of said each observed address in said each selected
location point and the corresponding mean received signal strength in said each selected
location point containing said each observed address.
25
2. The method as claimed in claim 1, the method further comprising:
determining a position estimate of the position based on weighted average values of
coordinates of every selected location point containing said each observed address in the
radio map of the estimated storey.
30
3. The method as claimed in claims 1 or 2, wherein said selected one or more location
points are selected from a filtered region of interest in the radio map in the step of selecting
one or more location points comprising the observed addresses from the radio map.

35 4. The method as claimed in claims 1, 2 or 3, the method further comprising:
extracting a number of observed addresses with corresponding received signal
strengths above a predetermined value.
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15. The apparatus as claimed in claims 12, 13 or 14, the processing unit is further 15configured for
extracting a number of observed addresses with corresponding received signal strengths above a
predetermined value. 16. The apparatus as claimed in claim 15, wherein the observed addresses that
are not 20extracted are removed from the selected one or more location points. 17. The apparatus as
claimed in claim 14, wherein the region of interest in the radio map is filtered based on vicinity of a

previous position in a multi-storey building. 2518, The apparatus as claimed in any one of claims 12 to
7 the s of dLAB TS & SOy BN Eot e D Corraies 2ot G Qi ) o
ProbabiligxiDratettypruroioedd frsttoalaelénttidathveos Mprsbi@bitipropaitisst selected location of the

selected location points being the position of the mobile device, based on the corresponding observed

received signal strength of a first observed 30address in the first selected location point and the
corrcspofiting rBATELER &3 SRRACILBIR 1 HBSHRLD SaReiRa TR AR50 i LB T 3R s
observedibkeldabbaseadlcudtingtioé distvalue Jositarcim ene ufithtersgleagidohd¢pcation points;
summing up first values calculated for the selected location points in the radio map of one storey,
wherein said selected location points all contain a common observed address, to 35get a second

value; - calcuiBfinBaRedas HRIMaE ARG POISRRPAAEIE3ENPa R HEMANGKITHNAME up
second vetbrey eslientadast fos pasiiiaiaayimising: building to get a third value; and 49 selecting the

'tﬂ;%gfééggglxg'ﬁﬁl?@éﬁﬁ iﬁ{%r%sgﬁ%%%@ﬁgg&%ﬁBﬁ‘é%‘ﬁ? 25 <AINGY INAGRS: P SRRy 2 to 18,
of a first selected location of the selected location points being the position of the mobile
device, based on the corresponding observed received signal strength of a first observed
address in the first selected location point and the corresponding mean received signal
strength in the first selected location point containing the first observed address;

15 calculating the first value for each one of the selected location points;
summing up first values calculated for the selected location points in the radio map of
one storey, wherein said selected location points all contain a common observed address, to
get a second value; and
calculating the second value for every observed address that is common;
20 summing up second values calculated for each storey of the building to get a third
value; and

selecting the largest third value as the storey estimate.

8. The method as claimed in any one of the preceding claims, the method further
25  comprising:
selecting the observed addresses with variance of detected received signal strengths
that is beyond a predetermined variance from the radio map of each storey in the building;
and in the step of selecting one or more location points comprising the observed addresses
from the radio map, selecting the one or more location points comprising the selected
30 observed addresses with variance of detected received signal strengths that is beyond the

predetermined variance.

9. The method as claimed in any one of the preceding claims, the method further
comprising:
35 receiving observation data wirelessly from a mobile device located at the position in

the building, the observation data comprising observed addresses and corresponding

47



5selecting the observed addresses with variance of detected received signal strengths that is beyond
a predetermined variance from the radio map of each storey in the building; and in the step of
selecting one or more location points comprising the observed addresses from the radio map,
selecting the one or more location points comprising the selected observed addresses with variance of

detected spseived FignatsrainaBIRfie e yariciieatopse piintetrest i By tiee Adblbeianparatus as

claimed igt?@/ oons(?tigf claims 12 to 19, the apparatus comprising: a receiver for receiving the
observation gata W|ré1l'essly from a mobile device located at the position in the building. 15 21. The
apparatus as claimed in any one of claims 12 to 20, the apparatus comprising: a detector for detecting

the obseRvtion HataiaRbiaPRIliRBY 2R aRSABRST NS FrcaiRed immaimel fdip@rerassing unit
beln%further conf&ured 20for repeating said step of determining the storey estimate a
predeterfiid Hllfhber of times based on more than one observation data to collect more than one

preliminary stordytgsﬁmambsemdtion dgta aetbetb@iﬁenhmsmﬂmeqrwibnaietMBmi\Qrgmmeh@dng the
largest trﬁ%?@é&'%Bec@r?@éﬁ&'ﬁ&ﬂ&%%@r%’ﬂ“ﬁ%ﬂ%@@%‘al strengths of wireless access points

detected.

10 11. The method as claimed in claim 7, the method further comprising:
repeating said step of determining the storey estimate a predetermined number of
times based on more than one observation data to collect more than one preliminary storey
estimate; and
selecting as the storey estimate the same storey having the largest third value in the
15  predetermined number of times.

12. An apparatus for determining location information of a position in a multi-storey
building, the apparatus comprising:

a memory for storing observation data comprising observed addresses and

20  corresponding observed received signal strengths of wireless access points detected at the
position;

a database for storing, for each storey in the building, a radio map comprising a
plurality of location points in the respective storey of the building, each location point
comprising addresses and mean corresponding received signal strengths of wireless access

25  points detected at the location point and coordinates of the location point; and

a processing unit for selecting one or more location points comprising the observed
addresses from the radio map;

the processing unit being configured for

determining a storey estimate of the position by calculating a sum probability for each

30 storey of the building, the sum probability being calculated by summing all individual
probabilities of each observed address contained in each selected location point in the radio
map of the respective storey being detected on the respective storey, and

setting the storey estimate as the storey of the building having highest value of the
calculated sum probability,

35 wherein each of said individual probabilities is calculated based on the corresponding
observed received signal strength of said each observed address in said each selected
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location point and the corresponding mean received signal strength in said each selected
location point containing said each observed address.

13. The apparatus as claimed in claim 12, the processing unit being further configured
for

determining a position estimate of the position based on weighted average values of
coordinates of every selected location point containing said each observed address in the
radio map of the estimated storey.

14. The apparatus as claimed in claims 12 or 13, wherein said selected one or more
location points are selected from a filtered region of interest in the radio map in the step of
selecting one or more location points comprising the observed addresses from the radio map.

15. The apparatus as claimed in claims 12, 13 or 14, the processing unit is further
configured for

extracting a number of observed addresses with corresponding received signal
strengths above a predetermined value.

16. The apparatus as claimed in claim 15, wherein the observed addresses that are not
extracted are removed from the selected one or more location points.

17. The apparatus as claimed in claim 14, wherein the region of interest in the radio map
is filtered based on vicinity of a previous position in a multi-storey building.

18. The apparatus as claimed in any one of claims 12 to 17, the step of determining a
storey estimate of the position comprising:

calculating, using a Probability Density Function, a first value indicative of probability
of a first selected location of the selected location points being the position of the mobile
device, based on the corresponding observed received signal strength of a first observed
address in the first selected location point and the corresponding mean received signal
strength in the first selected location point containing the first observed address;

calculating the first value for each one of the selected location points;

summing up first values calculated for the selected location points in the radio map of
one storey, wherein said selected location points all contain a common observed address, to
get a second value;

calculating the second value for every observed address that is common; summing
up second values calculated for each storey of the building to get a third value; and

49



10

15

20

25

selecting the largest third value as the storey estimate.

19. The apparatus as claimed in any one of claims 12 to 18, the processing unit being
further configured for

selecting the observed addresses with variance of detected received signal strengths
that is beyond a predetermined variance from the radio map of each storey in the building;
and in the step of selecting one or more location points comprising the observed addresses
from the radio map, selecting the one or more location points comprising the selected
observed addresses with variance of detected received signal strengths that is beyond the

predetermined variance.

20. The apparatus as claimed in any one of claims 12 to 19, the apparatus comprising:
a receiver for receiving the observation data wirelessly from a mobile device located
at the position in the building.

21. The apparatus as claimed in any one of claims 12 to 20, the apparatus comprising:
a detector for detecting the observation data from the position.

22. The apparatus as claimed in claim 18, the processing unit being further configured
for

repeating said step of determining the storey estimate a predetermined number of
times based on more than one observation data to collect more than one preliminary storey
estimate; and

selecting as the storey estimate the same storey having the largest third value in the

predetermined number of times.
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