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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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

probabilityfacingiRale et her maina! BebitRIehabiiie 35 eqfBIebSE Hethaddissie
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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.

13



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

considereg ét@piégg@,sﬂgﬁ@Md@@%éﬁicﬂﬁeﬂ@&}mﬂ?@&dﬂBéc&v}dﬂd}h‘@féﬁifil@éel@ bRgerbeNiifeyprediesion
accuracy desired for determining_ the floor of t ositi e ile device (102 in Figure, 1). It
R Sl SogT Feigdds ook TERe RO K16 BRYIS SR sl ednetalfad
value, if fersthemiléheradbibavoedicr: fohaifirstawrad) edgdasyhessiugidlFBruigiddyoiha detahadavAC2

could be in the rangé o

equ_als tos3nandiheik PiuYaiesferadird Wﬁ@o@@éﬁ’éﬁtt&qmgmﬁ%iﬁg MAtSmondhg eeasidered as

having the largest FDM value. 20At 5%?&906, robability that one of the N number of MAC addresses
t I

obsetved 8RS f5H 5 TG BReL f BHIMIAL 19 AR LB Bl ol U 55
follows. P(MAC, on a floor k) = KDE_FSA(MAC" RSS" RIVIK) 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 Herigen df tieriveadramdie £ aaneelasine AlpNihmIetier Gk
addressesavithf tive lasgest Fiodd valkkmion theckBNM WA, be maisicatesaviieb B¥eGnanehanner

corresponding ip the N ber of , ses,with the M yalue i T 602,
and[1 Mks%éﬂ]é%%%}o a%r%?aﬁg] fIE)% rP Slnrﬁéiégﬁu j%ﬁc:'[c)?ntm/%-}éég?eﬁ éﬁﬁ)ﬁ%’gn the gﬁng%?fé‘%\%wAC
RSS" RMR)astiRmirgioaTde RrauaCninhtherisrmpsiriat Suas redsigstdapessigthionageisidnyith
referencentaaiguraeliml, igdiatecthaasifdEndopAdR tiishasrahpmaticalincHon exiressiaaand it can

b ded t d " | D ity Estimatj KDE) FI Selection Algorith SA)". Iti
apprec ot HEL S e Rn AR e R BYEr el CBEHF A S LB EH e B e E R s
RMK) Stepoo@tnist lepeaneidéoecaghirltasdetehpinmgtirs dires) thedidéripetdoarcigistep 908, a vector 5 (or

alsq galled 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 BRe§AAIVRIES FMNS ERFrIRBMEIREH BEcbiamgie st e8p Yo R (6.5 D B8 e o the
particulamhbitey. tMathe iaiicalyfdbeséECtda tepisisartaskdofollavtier 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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10 Pr (MAC, E, Poor Pr (MAC.; an Poor Pr (MAC, on Steps 906 and 908 are repeated for each of the
selected N number of MAC addresses. 15After repeating steps 906 and 908, the VEC, of each of the
N number of MAC addresses 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 repseserfies byedidestooveripheIhidn Yo-be Matbamatically: /M 1Y Qdsisrpresanieg by the
formula as follows. where 25 is the sum probability that all the respective MAC addresses are

observeddn fioor k of the subject multi-storey building. At step 912, the floor number with the largest
sum probability in the SUM_VEC is selected. 5 The floor number selected would then be outputted as

the floor pelapdieh deeiaiavabine Elagh SelastaMlaarits 30 drenange:ah Haseiniangthisselected

or predicted floor number is herein given the expression, k sel. For the Floor selection routine as
des ibe&foﬂﬁlgo %ﬂﬁﬁﬂ'Bﬁﬂ&ﬁf@ﬁg"Y Y48 Eﬁ%r atf)’illié'igltﬁﬁe 20 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/highag s psobiebiiy 0% oBseipm edslraling ke MAF-iiBsses ol e fechem iy on that

floor is most likely the floor on'which the'mobile device (102 in Figure 1) is located. If thelargest value
of the larfj88t YispRIBAISHISEiS P 8 diee R two floors, one of the two floors would be randomly
selected.

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

18



15 Calculation of KDE_FSA(MAC" RSS" RMK) is described as follows with reference to a subroutine
flowchart 1000 in Figure 10. At step 1002, MAC" RSS, and RMk 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
refgrencie&iﬁmmed@@@% i;ﬂds;lﬁr @il@&li;ﬁﬂdilwmﬁﬁﬁi\(l‘?@ﬁibgnﬂl srenglegitdte ﬂv‘lé\tceu'anglddset’q?(;;rl,D MAC"
and RMKk is the Radio Map of a floor kin the subject multi-store ildi 5 ep 1004, Calibration
Points (CP SR R o B RNk S AR i A Gr B8 o BT i this manner 1
indicated as NKDE. NKDE is the number of CPs in the RMk that contains the specific MAC,. NKDE is

a variablgfisibdens atbdabinsianasothng fi’iétﬁfﬂmﬁﬁgﬂé‘{ﬁ@&]&ﬁé t%’?@rm?aﬁé‘t\é"#ﬁ%ﬁéﬁat\)é’&%m the
Sc:ated. 30At stes;a 1006, position, @I‘Obablht of each selected CP,

mobile device (102 in Figure 1) is |
b AR o IR R st B BHERIT 5 T RS RaeY At keATectod P

containingolitass, MA@; RM!ksbeiag.dmeepolsiﬂmr of the mb}e@d:e MBM{sho(mgbmﬁdﬁiguWQQWiquerived
based onifp RIPRRPHNR P SRITBUNMARTREVER: Faridali S %}‘i]e,%ﬂ (& ROGLUFIBSRimLRERY

measured from the location of the selected CP in the RMK. In this case, an assumption is made that
the 35 REPHIBe¥HoitrrsnsiiaNetharaieiaiddih) MabapmigaistisuYibhiurrisacnid

probabiliastiabavsertain observed RSS value is taken from the specific location of the CP is calculated
by formula as follows. where mRSSik,, is the mean Received Signal Strength of a selected CPi
and 1t is calculated 5based on the formula described earlier with reference to step 408 of Figure 4,
RSS, is the corrdSpdAdiig Redédred Signal strength of the MAC, that is contained in the selected CPi,
dependingggh w BtheMA€ affixeirers Blbscript or superscript to the expression CP or mRSS, j indicates
which one of the|CP in the RMk containing MAC, or the corresponding 10 mRSS of that CP,
depending on whBthel {is: affixdacaskaibscript or superscript to the expression RSS or mRSS, i
indicates which one of the RSS or mRSS in the RMKk that is associated with MAC" and C and B are

predetermjned parameters. 15In this case, C = V(2G) i.e. ximately 2. and B = G2 where a is
the GauS BHELH & AR PR D AE (e SR oI DM B S G R R tance bemeer
calibration points in the RMk. a could be in the range of 2 to 20.
15  After repeating steps 906 and 908, the VEC, of each of the N number of MAC addresses 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 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

i
N

Z Pr (MAC; on floor k)

!

where
25

N
ZPr (MAC; on floor k)
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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 repeated for all the NKDE number of CPs to
calculate the position probability for each of the CPs. 25 At step 1008, all the calculated position

probability efecagh @hdbadiigDEanumMbey Rpdisvdy dAOTHBaEbsEbsTAiS sbserVe@bnFRA(MACHRSS"

RMK), can be (r;{a%rﬁ{slented ma! ematically as follows. It has been observed that the sum probability

of all the Spuoéletlon prdg’%ﬁﬁfgl €3¢h of the NKDE number of CPs i.e. KDE_FSA(MAC" RSS" RMKk)

would be indicative of the probability that the particular MAC, in the selected N number of MAC
addresseg; With, el age b 5IMnvad Gvith QRS EYSEL OB QrdblaBil B (NN UMl o K)is T Sl

probability takes into account all the calipration points in floor k that contains the specific MAC,. Hence,
ot stap 1018, BRI HBGE G AR i A1 ARt KB HOPSRpEten ARy ply e
5MathenfdticalBeldutos réigresemteiDas Follovase Fofudesdipshowths ferlectiedt 1 @eofciefirStquart of the

Region Qf Inissest{RAR @p{@&arggg@yt)pggescribed with reference to step 708 of Figure 7. The

first part of the ROI selection subroutine is, If possible, used to determine a narrowed ROI in the Radio
Map of the floor predicted 1112 in step 816 as described with reference to Figure 8. If there is a

previous pasitioF st etz t{En\ipimedsyivestiios, sStepwokRing biaipld idttovasédthe probability of

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 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.
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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 MR AN IRARS oV firh raglietdhgISdt insEre RiMk sentaining iNMALy RFdAgHIOTRAXING at this
stepo10Genssttabt. @square with a predetermined length, ROI_WIDTH, centred at (X', vs)is ‘prey ._

-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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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

that a circle, rectangle o oth r shapes uld also b t ste 1108 a
Callbratlon%[:’wntsq%"l5 &ra%lo MQW jf‘%:e pre8|ct 160P K'S Eﬁkﬂ(ﬁge%ﬁﬁgn%c Lfﬂe square
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 sgleciatichasesl MR AEE Al AERIRRY:ABTKec R RaRAS iR of he Mebitedader (1021

Figure 1), It could be in 15ran f, for instance, 25-75%
g )k sel 1112 wou}d%e se egteé) as the ]S-i% Xn outller 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.
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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 values

are stored, and hereip denote variahle, AP LIST. is a value selected.based o
e oo T Heards DA FON <BIARG Rerodiile (UPLBGENE SERTREL ATSteg 108,
depends dArgwoHs PERNIGT SHilbateidn ' Points thP5ehk ekleeted e dayideto2dodpate Iddhddutation

time al|0¢§§9r@ﬁd¥f§9%@ﬂ%&w%@géhﬁs%oﬁ@%ﬁb@ﬁ@_ ?%?@tﬂ@@&ts- If the dAps number is too
high, many computations are required and the position estimation time may become unacceptable.

The %IAps number may be, for instance, 2 to 10. 30Steps 1212 and 1214 are for ROI refinement. The
aim is to Aefatepot tertw tetisedected RO fatheniog bettenprisdselmeof dhecpasdiohtbé tR®niobile

device (192 1R dlor (@LRAREERIETR 19 SAlPCied ROl WOIRh SRVABS I SARRYERDE! of

access points in the AP_LIST are selected at'step 12.:f29.e Data of the CPs selected are stored and
herein delSfel-88h§Maaribbié ispeprssd forprapessinaal Kia8ieRidresses 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 new list of CPs

herein deno variable CP _.LIST_2. Hence, CP T ins,CPs j selected ROI with
oty WA EpRel 3 SHUBLE i 3 redelBh el i AR L B U502 n
5Figure BrawthengbsificdliaMeombtieewdrteddlpanh sahBMpsL1512apstae TP6LIYT sugpse
outputtecb Qe REPRE SSINT aFightFewetil RgiTatepdaiasprtanes vafe ARRIddRH 13R@enerated in
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1300 aor STAUTIAAE RS BO VAL BT R RPRCRAREUEACIE! 1 53 0 Lo BR AP s
Signal Stenrigth$1R852, @56, R5T18 dentRSHR IV RpPreexatedserhinhiesantentieontinebietbtd 1302
are gnowmngirandATPIamRIes 8fdY Afapddkessesrishtaeincire sreating:iBe PyatdeR iy the AP_LIST.

The MAC addresses and the corresponding RSS values would vary depending on 15 what is
outputtePRR'BTAIRE 13k Glickke[P4378/DPERINFE SEPARCRYINAN FANBPIHRVIM AERRINSESEs in the

AP_LIST are denoted by a vector X 1304, which can be represented mathematically as follows. RSS2
-RSS;s 'KF&%% II:"1%§,2all Calibration Points (CPs) 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

23



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 table

1404. Withy aiaE neriiestiee Earazifé@w@aﬂpiesdnﬁ@@mhbﬁs‘r nbmen,f KHowe ﬂ:ﬁtﬁbw&@umi@MOZ

contains MAC addres MACG and respective me
Signal Stgr\gnﬁﬁ'us m%%sgﬁ sel % m%gg{%l( seo %I dr iounfién%lggg second
table 140heeelegies ARCase dness &4 NS, thm(@@e vmm@iahdwmA@Enqhdf tihe Ragiedyiep faean

RecelveC{r@QsGB]e%Vsnﬂihg fi?B%%%dﬂﬁtﬁ%ﬂé&%@ BRgIeKseKS @BaBIRSI IR Rl It is
noted th hefe mMRSS values corres on%gg to th ectlve MAC addresses 0 E%nate from the

Radid Maj#Br e Be iRl UbIa JF&?Eﬁ‘I FIFEHRERQAARLS R AP WeBXk R0, yk
sek3) andpdRtédspeboxicall, ﬁn\elnse’esmatemammmmmymﬂ&muevam&mmame|y

which Ca@mgedgﬁﬁ?éﬁe&%hﬁ&ﬂg%w&sﬁ@?mﬁ: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.

24



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
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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



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;
) number fCP yisedfor ositon Getmatns| g b Phis MRSl AF RN AES R Ry positon
estimation. 5Th1'couldbe e rangée of 1°0-4-

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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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 SUM_LKDE is larger than Th1l, position

estimate of the abilg desttsieddAinmbiaurs b wadd Peesleidateshat Stemhd®iOnlSEM of KHRE is
equal to are Thl reviousl ived positiop v r (1.Dpr nd 20 previously derived
position gﬁagﬁt}llh%fﬁeqC%@?vpr?%r%u{ﬁe%%zrl loR aeorgfﬁn%at% ;%' ro%ﬁfﬂr%%afgoge' eEf%HP%tq s4fep 1514. In this
case, the calculdtétizpvetiioncestirinitg Gisip)faostepropdngvBakeivedriziprakatresativcbatlidAdescribed
earlier wighdrfesee iR EUrestle g. M08teP 9,1%29@&@@@5@%?3&@1@fﬁénﬁen@@ition of the
mobile device (102 in Frll%ure &L{%Z%s c_alculat%%ir?% the following formula. P' CPI ? |Vk§élié1§nce, Frit,
jeg > where (xKCSBAMUR P AREHRL S BRI AR U BTERER" RPN B EF s Cantf
5Pr(Clpi) ¥s tivedjsaizton @roinatbidit( PesIKTIN2ARIg. 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;
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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, vsel,1 =20andPr(CP2) =0.5, Xk sel,2 = 30, v sel,2 = 1040, then the
position estimate based on CP, and CP2 is given by I- = 0.2x10 + 0.5x30 = 17 and = 0.2x20 + 0.5x40
= 24. At stefsiaicd peevediaoify value 1- is derived as follows. 15 where Pis a 2x2 matrix that

represenﬁathuemvt\)/elir thg ﬁgénrpoartioon i(af r?lclagt?rh\é ] i%nlce lyatr_ices 200f the position estimate, Disa
2x2 diago A At wWhoss oqago A erement e the Gadé&fan Kernel bandwidth of the Cartesian "X-y"

coordinatesnambesighta® yspecferpasitine estixiationm valueccontained the matrix, n. Matrix g" describes

the similayjty,efithe PasHipa-gIHBALE (S Poiitiedanatians of CPs that are 25 used to calculate this
position esti words, n describes how confident the position estimate () is as an estimate

%?Etlmaéﬁ. In o,th%r i
to the podHibABYIRE RIBRIAARE 902 Figure 1). The square root of the maximum eigenvalue of
R, P, is a mathematical representation of this confidence. 30At step 1516, the calculated position

estimate &, @@EQ%%@QQ@BW@HM& stegibyL2 would be outputted respectively as the

predicted position of the_mobile device (102 in Figure 1) and the corresponding reliability value
provided m,at:gme{gﬂeule%qnp{qsi}mn 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)/5diréetlmEHi8 database server 106 in Figure 1 may be a computer 1600, schematically
shown in

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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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 Map of a subject building, the floor selection subroutine, ROI selection subroutine,

position egiémaite wdwspUtinejdescahe thiiaablrasidelgid® podiiohhectamnpyteslleqq compligess
processingjguni% 1g602 for processing the one or more computer programs, and includes input modules
such as & 8)%8 rd/keypad 1604, and/or a plurality of output devices such as a display 1608 to
facilitate ihteractioreuithathdlconspleciosy stdna $BP6. RAy Tt pkoceEsingxamiplé60RMielgisacdimected to

2 data steigge devigRAinsl it asAERRATRRETANY LE3MONSH tbdibi siRRSS AR IBAY the Radio

Map of the subject building, Observation Matrices from the mobile device 102 in Figure 1, and all

inputs, thHrE818\RIBELSEAL SIRBLTSorA AR BaFSIS bf PRIOLRBE LS ARERARIBLIREL ABPS Ot least
Figure 7.t2%eshe geteassathe b dr6ORensaty denobitm eetécktol aZoniiigues metsvork 62 tia fosuitable

transceiver, devige l}@g)ﬂe(hgvfé@ﬁwrﬁ( #ZﬁrﬁF@?ﬂs %Gfg(légﬁsﬂﬁﬁgas o} %&:i%&% lr%ﬁ&a@\%%\ﬁyﬁre

network systems such as a wired Local Area Network or Wide Area Network

processity UAre 602k ARLHe BdiniediedIRP LRI AP ELIY ERLANA WiFdgess Bbihardrieition
enabled gevices 1634 (e.g. the mobile device 102 in Figure 1) via a suitable wireless transceiver
devj[ e 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.
35The procassitliguisideBoed gnd example includes a processor 1618, Memories such as a Random

Access Memiay (RAM2it678Rthe: ReachidnlyMemenHiedorkd22. The processing unit 1602 also

includes a number of Input/Output (I/O) interfaces, for 31 example I/O interface 1624 to the display
1608, and 1I/O interface 1626 to the keyboard 1604. The components of the processing unit 1602
typically dtwnfruonisattehvizgaedome arerpredetihdnliarkb 2 s énta efevates kasvatator sharpessairsskilled in

the yelevamialt o BGHRYIRIYR! iBrBELaMIS MU RGHINC AR NGB dU RS UMY E-ARPIGRLQAS for e.g.

internet accessibility, operatirﬁéhe computer system 1600 (i.e. operating system), network security,
file acceXHifYY ARIELHRPRdNEGERRE R AREegionp iR dfilsiEnined by the’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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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 computer network 1612. The application programs are read and controlled in its execution by the

processosckfitich Htetiaedinted moliageatragram Higiadnay h@\/@ﬁf@ﬁ@ﬂ§h§d1ttﬁi§_gsﬁ§%!\/ﬂﬂeﬁ20-
FUTthermore, anc. 9L MPYG;0 (e steps of the computenpragrams may beariornmed. n paraje rather
than sequentially.” One ‘or more e computer programs may be stored on any computer readable
medium. Whidccdessutisehe adablietmertriiemaywitieluths dnstagee.26efvive9sUehMica atpadtie®r optical

disks, m%&@hﬁhﬂ%&h@iﬁl@o@@&%ﬁ%ﬁ%&ﬁ&éﬁi@ﬁ% Wﬁﬂﬁ?ﬁifé‘éﬂé‘&%tge?‘\/é?!(‘ﬁi§|i@k¢'i§9@1) -
comguter. Th(? computer readable medium may also include a hard-wired medium such as exemplified

in tha Intafest gystem, or wireless medium such as exemplified in the Wireless LAN (WLAN) system.
The computer program when loaded and executed on such a general-purpose computer effectively

results inap, APRAANS LAl IRBRIRESIEA5:0L DG HAMALHIBEP QGRIRERENT SHiRAdR In

examples herein described. With referénce to Figure 17, the generic components of the system 100 in
Figure 1 [dpie s d’ 88 E7 0 IS RIRY BPHMmAi W el 4Hie8S B H RRIBSHBRYER) RIGEHMS
30Navigassng\vindidierdd WtHatrgesreplikatertacs MatlinetdkdithgDatabaseMeduleod76sdesount
Manage t M Mabile licati 0 1710..Th a neric in nature
and dan Be A oGy e BT, e o R B R B o

NavigatidaNnsdanse 72 rasigdssHyRtoR i ospsliatifie A adind\ian ofdhseieci witigidhsnto

users' moie dRyicaRm tidbieUinel armbiie@pRbRakeBditmMe]opigiRsn Apsiisationdadumé 710
provides %eé_{?raghical interfaﬁe on t;le mobile device through which the user utilizes the indoor
navigatio °S \H 8 St ?5[5%%% 1SHi&r current position for tracking purposes. More specific examples of
the users' mobile devices would be smadphones with the following operating systems, i0S, Android

and Symiial QRAFRHBE 18GRY emISrisdiea,romBaHE A AiT1E62SRe hroradgNER Ak 6k Ayawvidely

available and user friendly, their multimedia capabilities also mean that useful features can be

incorporA8ARYE tH AiBBISp Ao MAY PRSI STod e S RISh e R VBRY BRAIHHkaY®R Yo tR8Mmobile
device at=spicifieplocitiprns oupus degitesasiorh spe cifi sl aeesSs tpréanititatg ddeestisemauitts to the

mobile deyices A UEFSystem 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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10 By implementing the indoor positioning technology in a mobile application which may be freely
downloaded to common mobile devices, which many people would own one, the technology would be
advantageously 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
customisggaanslSheriatideddag daatis tredisplapsbogrant satutinegiee tragigne prORlsBogk@bjects,
with the s1y6$62m 1700, people and objects could be tracked by making use of existing WiFi networks
found indoors’in many modern buildings. Every user will be able to create a personal online account
which is handled by the Account 20 Management module 1708. Through the online account, a system
administrafr anshibyREhRMe &blen® corfigdanrersenal psablespnchyeiemneemidance lpgagd in. the
location of the user can be updated in real-time to the Database Module 1706. Depending on the
confiyurd AEH S RETRRE RIS et A a4 IABREI oA, Rl iRAESOR AR dblad TR e B Athbase
Module 1706 can be pushed to or pulled by other users. 25 The Management Interface Module 1704

s the cenial eapisalir RISy N IhBRADISHS Setieye hkiime lnpatangdRies flom the

Database Module 1706 and visually map the instantaneous locations of all users. Through this
module, {REEEREACEHTIRIEraRPg5aipR (HRILIHPHIFLLREPEEa KIORTIHPrafPR iRiRGs ¥ BePlshed or
pulled franatapekificadseitg, 30RE aapestslfaintminaishircananademéntdoavhiiayigagoadydnchtiens/02

consists of a radi of a suhject multi- e ilding, ositioni ' 714 and a
oo ety 2 quiRed tnal ACHART LRI ROl TR BoeE 0
challengifgPRisdidadhifettseninb e camputes sypEMd RN Brcader Thadaie sieiaedaredivsehniques
et e e o
BT R R e A et S o
highly acpurgterpesitenaay #uheweirotiasyiarnisretesuitabldjoiiaduocesaarotin8nt ldienmedisde
incqRVenigRce g Jidgrrammanien iR criryAdnacie Ty enov estification (RFID) tag], system

complexity (e.g. requirement of sophisticated wireless system equipment), cost and 5inaccuracy (e.g.
GPS can be relatively inaccurate frequently). In system 1700, existing WiFi networks are tapped on for
positionirnghtdrodreddional deckcatatieatdpeard tidheopnogtae tarygvanedesmp dsitipaifegrsystéms and a
path loss ?ﬁmj 'p 'ﬁ d p h te inati is.ba g a
fundameﬁ%a%p%yé@% gﬂ@ﬁg}}?gﬁoﬁ%&eﬁ%&em%oﬂpﬁ%%%p%%%@ﬁ%%ﬁ%%s%%gg rIa?ccording

to a certaARYp&HNBYISMRHSRDIE BRI WBrdEDer fRMPHIRSHRISIRIST [BedivMnmad IHEUdE siRkrgSs

meaguredaaidee secrixemtm alifaseopchptisReNrtentRgeiNipe, asttbiransialagevderivds Rimadpie
en-to-en channel, 48 Atenuation, Presuming 3l he pathoss modelsnown, it e fsasured
channel a?{enua 1on,the dis gncg Befvoen ?ransrﬁﬂ er a}ng receiver can beca cu.afjed. I\?CYW iPa user is
able to réaeindeRMagnuretroracdiunuBtisBrasfaxariRifedds iheimtesnrl ayetesiyeravctiesstmedhannel
attenuatigpsn the Usempliide iRbisdwdlriRERINANISNEARYTEYSIROSIIRN SBFAMEBIARSHIAtRRen
loaded 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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20 In reality however, the path loss model cannot be accurately estimated as it depends heavily on
variables such as the structure of 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 subjespphiaidiog) Npaedormesl drikadys the egrdppraiemdsidbs dad iR GoBRcapl@BiNBrougRerous
anchor Peyits (Calbralien Rolpts) et e fistance between spch neighbauring anghor point s
for instance,”2 m.”’A calibrafion receiveris the successively plrage ateac anchorggom Whete it will
measurelthekiegetiaigaal Moengibe@E SEramplearrolinbmguedini anebis pdsniccsagvauléctesr

consistingof daarekthaBhB SSicRie Hstamar JRRINE PRies ancitBR MAE Sidssenaliigaccess

points, and save the information jin a database. After going through all the anchor paints, this database
Wil form THSIFRRR THEEP SR ER i IRRTC P A e BBES AIE O UGBS YRl A e Setween
the receitrzhdignihkstreunitjthsdiconacavtitinsaaice s qzui s (iceritfiedtibyetheanMd @ @otdoesiselsiptyy the

mobile degyice a0 E{b%if?&%ﬁ?'ﬁl%ﬁ}m,tgﬁcﬁrﬁéé?@éﬂﬂatré’iévgﬂ{eiﬁ?&iﬂem&? 5 HIEMYBHZ R RYae

positioning engine 1714 to determine the building floor and the position on the floor of any arbitrary
user throtRRFARHISREINYSIAKPYIIRY RSAIRN-SRESHI ANARR RS @R R BAVATESEMARRRethe
attemptingdbildetevivégehigier position using his/her mobile device, the mobile device will firstly
measure the RSS from all surrounding WiFi access points within range and search the radio map for
the RSS vector that is closest to the measured RSS vector. The positioning engine 1714 will then
select thBpdelaementing helssos: Rositigatter iectelegyidhiaadignapsiisfiienowiehudsystsosition.

The R?S%O@ggﬁwgb?a B%e&m F_ﬁ @ﬁéﬁam4' mmmmeﬁ%w H@&&%ﬁt_&g%@m&é%& For
examp e an N Figure . thou 1e radio IS to provide a one-to-one
s b e A e B O (R A U R iR
environmaritiagokiarigeko@Uclobal ositinmirg dyisienitUfely Shisecappiagstapte restionigy neetthe
relafipnShBRIREAROHIAAN MeRSISRBER RS WhhSSHIBES A PIRRAR iRkE GRenbleneReachannel

variation model Is used here to determine probabilistic relationﬁgi(fﬂbetween the measured RSS vector

and the tAOWIRYHI0R MR BERPIG AR et hY HE SRR YRR ARG LRI AW ERPEL5 that
in the radiagkegpbpocakitimode theXistiagWWiFi agtwidtksdbandétd@sratiomarydebueier saddihgsGaussian
Probability Density 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 andBMeniksepwill be bl deeCckrria shrisenahpilinafstrRi hite! sobrhdletRyafiAsravaking

meaguremendg érheiffeneatlocatimns andidines ohtine dayo@itd Leyaiatingtnaraith dhe eongsponding

human traffic conditions. onsite. Once the.position of a user is accurately determined,. navigation
Cervices Sl B e e e R e SR B R TR IR i
will be hats@leddy the nadrjadoin erfgiléns Uitaihe rolatairsginlyloddr)oritbonsRerending acthéhe

navigatiog,RRGINGi MNP IHBIAHSHEHIRISKRERELS THBRMDI$Y6S, IEAMMORIaniE RoldBRINGH.N

existing WiFi access points which are already deployed in the buildings for wireless data services.
Hence, 363 BRRENAHUR A" R GRS RES IR EHUGARY. QiREELEE ol over the WiFi network, nor

any2dedicated infrastructure for these purposes are not required.
The Management Interface Module 1704 is the central controller of all information. It will be
able to retrieve real-time location updates from the Database 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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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 marketing overload which will, in the long run, cause
users to pisitnRy fsostethe platfasmiciiogeieivdraissacruiaehdrararketingvriamighp aveniart from
current mobiltla rrﬂﬁslrkef_ip%g\llatrfo%s, |ikEr,' iA%TN frq{wbﬁepqler, V}/rpéch rpusnhves advg{tisdements throrugh
mobile aBB% Withotit fil %rlng? '5 r%th%regroap Sthiobile 8pps, Silh &8 é%qrg%oppl%%T , §8%aII5TM
and PoininessideTiancenly. prividineaapenian Wiredtyry fRadiedyeditieoqy ikgodtigaiisindmindg téaadbilities to
determing,Builing figiiantbrRosuian em e Sulsing fiassq nrohaspidhnaili heriticaliareep
track of where all the key medica] staff and important 10 medical equipment are at any point of time.
Any time 0785485 @e%réﬁf%c?& k?ﬁé%@h‘f%\’&%ﬁ@%ﬁ%%’ﬁmm seriously erode the survival
probability of the patient. If the system 1700 is deployed in the hospital, it will be able to keep track of
all equipReglReS9n06. IRHIAITRIT A SKEruRaiaRleT Brona e MAnadameHY Liigifasg Module

1704, a systém manager will be"able to visualize the locations of all people and objects that are being
15 tracke%?qﬁaéﬁderﬂ%r@%r@y,%éﬁﬁaﬁ%ﬁ’@é‘?%‘ﬂ}' puitghfsToRASHAMAG N e sEfte dicRPHalPshd
equipmeagdtteraiitenidtoibegdtiended he 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 duFifRyRaHtiesmeeteraipaigneethad sdresarbon afidrrenahaRysics Mhapameresbest to
maximize,fi@MeRtenor e gavelViktshceaywianibiaRealiehriisgaid @ tecpush Rk NFEERIBABS In

instantane usl\)gto shoppers in the vicinity of the rest an% ection of the mall, a (ialso those users
who hav@ e L OP AFAT BT ROUEE S ML G HL 1P e R PRIPL I BS54 Bl SRt
targeted theujiffefesiusp perwds thivenesteikedy doco & aeamdhpoyvéor wilplacyifer Ritin-eipbehacedling the
profrotiony nferestedsBARarE Wil iRk SRR sEaUSRE i WHERANGiR e Ry SIRMEsLAQP ¥l #hgw them

the shortest path to %%t)[tq the restaurant from their current locations. Thus, the system 1700 acts as a
virtual brifRHREPRirEIiSIRBCS ReUEST) FRRHBLE AR ERSANRY GAth RECHALRIRH MNOppER S timely
manner. 3Gablidviantagha By ,sigitialthizsy Herunlb@h i NG pere ssayo imtslang enserdd @ dutkdhitaugh the

whole mega mal %@%%ggrtme#%g&ﬁa% ggléhﬁ,i'afé}m%nﬂﬁm%%ﬁg gl&%RFSn(itﬁhe ﬁ?;?ng)

their activated mobi vices) at their fingertips. Furthermore, the system 1 tapson't
WiFi net{fsH8uiatiae- shopping malls to provide these indoor navigation 35and mobile marketing

seryges. This will reduce infrastructure costs. One application scenario of the system 100 is as

follows. To enjoy access to advertisements made available to smartphones in a building, consumers
may dowl IS HOWGWRY, the pah lace noder eantiol be Leetytel eslimaia e i dependabedylly T

users), AprirgidanesiavkbtgsoinAstitsitiTaiop iom Suikibne) pleceical@htsirDinee 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.
34



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 only mandatory item could be a working email address. The rest of the

items/papieigarsirp theréogma eRisldimeneragarepindlaihennd Gdlieteanpiemey astivasaningsingbile

applicatign gn his gr.her smartphone, the lication is able to estimatg the.consymer's building floor
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15time, location ﬁggdereferences. An example of how a gr&phlcal user mte_rfa(r:]gfg(%%% of the mobile
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as followsolidsbepibes geatiedsthantieitgUhenriéder &8 mdhp itesf riig it B d_thife @ ritdieardgie of the

20fundar§§q;ﬂjg%tajges1w%nﬂrp inrgqnerally similar. T_here coqld be the following fundamental_
features in the GUI. A Functionalbutton 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 aggwisliny heaaes ongategwi@sodaaren daesperifcaris fipnetrRpeciipirefatcwtdets tisearch for

am?Bities, %iﬁ’o was dh[ﬁ)oms Automatter% sTu?t ine eﬁrcaff?b Igugctional buttq{n qr.an autﬁm tically
activated™@ature 107 in

S.meiasureme, ”%{J%_/I%Cﬁ%%w ? nvironmental changes .(suc
icating what's around: This utton or feature activates displaying o

advertise®femM@Vaaend o el it o ise MaleRinthOgIpEee radisk (8afl reusdatgashisd pefyaen
smartphangitbugndhiscdtirmuit lkad tpasyrisamestaniRich sie. dislayes acaaidingdatlesation. It

is appreciated that the advertisements are not necessarily promotion of products or seryices, they
could alsE RIS NS 1R TRISH THRE RIGEFR) SLCS e S4kP RGO HE BRI S A A RBIRatically
activatedaiectbectfior pugitatinghishats¢lappenpigratiiecipretont ohtraema3itiecid 86 ectfedtane
actiyatesidisnlaying LfiadysstiseracniRRYLHE i@ 3Aad4yerhiRRREPRhIGN BkGerdrs e past

one hour. Thus, this button will lead to advertisements which are displayed according to time. A
Functiond1H GO RBEMMiPeny Refivartigtdsard o foraan RpRingtd sHqi8RkHR 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.
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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
consumer walks into a store: This button or feature may reward customers who physically walk into

their storgsiyvighspainpomdnehrcambreeraabace\iargiissomrearbingusharsordvEHRCEORRIrketiiRN or an

automatically activate feﬂture for indicating what's re{er ed by 15 the onsnljrﬂer: T {s bL{ttOﬂ or
.OVﬁ loaq. whic ¥VI N '[h<?1 Iong rL(J]n use users.10 turn ay fro e platform alto ecpfer. )
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by the cohdigraesuratiein therseiirgiiaanpmiReipenalkeinayrseparmolieingsaties, plaiesrem erver will
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ComP'im%ﬁ%ﬁ¥§9|3éﬁgﬁ&u6@ﬁ3§59{ﬂ1&8ﬁi XamRls,. 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
consumer special promotions if he or she has spent X amount of time in a particular Y department
(e.g. chilsentsslsiparimentlididhetkiare kdapreasiasidviararaibenprieegeaitweabytdfearetaiebroiv) Push
to the co items in his r personali hopping.list (which, has upl int
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card proretieRsceaEpaaphithpRsioyecErfiteiesturaval propadiilyl sbiiedrritenthd Reseysierno

described mighisedeprsierl th tgurR domayiingllde By 85 iasheaisck! e dirdoRsnaehis pefssirdcture for
indoor detection, E’ch has been described earljer with reference to Figures, 1 to The second
ropoct 1S Bl T SRV BRIl v N RSB RS MRS (25 QB T00. 38
manager will be able to visualize the locations of all people and objects that are being
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.
Managemergriedaralsenaaralyse lkcansameaffid doed foigtialy adetyifies reyp dits do betinseensenéabyictld.

Location.Based Advertiing2niR6a! iR SN Ieva! BuanAdue s  LaVRIAGINAL HINdERK)

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 e o e b D B e
friends aAblfaitiBplimaieHEes ConfiMe fe druitdingfl el foratintaaneheosiéaniag BrerendioaAacalsbthelp
families thgagtothrifichilsisshepedraneRARBiFicRrnNethest earigd Hthe drscaationrf figikes 1 to
17 may bﬁ desclribed in anPther manr{ﬁr as foIIov¥s. ,

these location Iinformation, 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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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
signal strengths of wireless access points detected at the position from a 10memory (For example, this

relates ta:gteg ?ua?eirp&igur@flf&o%afaﬁwrm SrrnpdstQhin Igura Ads; AMisBabAOiresaaviog, for
each storeoy of themb%%ldwﬁl a r?dl gor exam e 412 in Figure 4) comprising a plurality of
location pomets i the r%spe%tl\?ees Sr%y o] ﬁ‘e%’u.f& rom 15 a database, each location point
comprising addresses and corresponding mean recelved signal strengths of wireless access points

detected ﬁﬁﬁ'ﬁclﬁﬁﬁdl‘%ﬂt&\%ﬁm &QBFHHF@ %mﬁtg&?éﬁlﬂ@%m%%% 'WH@ dhjs phRiesio steps
708 in Fl%ure 7, 1002 in Fgure 10,1112 in F| ure 11 and 1502 in f| ure 1%@20At step 1806, selecting

one Br mbPATUESOVAISIFHD GoripsRsiHyRRE SN e Ya dPaYs Y | fFl§ e W%ﬁé?ﬁe(r SPULARple, this
relates tgstejpldd 0y iat&igs efidind\psidpcl faSn didesnvingtenstes sayhesihmsitalbf Weekpoitibriby
calculating@.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 es@irﬁateta:mﬁn@@ﬁ@reysroéﬁrwmﬂdimgllyaadngahégheatmaltttﬁr oktietmiguliatesl sumtpratability,
wherein each aid | al propahilitie e n the correspo seryed
recﬁgedi%na? %eﬁﬁ%@h %%lg%a(%] Qéééers\-/[ledg aé%lﬁegés(%r'f) ig? uerz%mrr{?lll elé%:\!cvegggég%%lg% pc})ql%t and
the correBpyHeRly Mieknireedirid siefieal witenpBinih sdif a0 sbee e freREbfPpdiftScontaa®hg said
each obsgyygsbasidress (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 radiofmagiiohahbuistineited sidreyatiat e xativaledtiiatistafes inditasisgepbat Fiyateres) 40

15 the consumer: This button or automatically activated feature shows advertisements from
retailers 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 %élge(lz_l\n%a’adsese%{ipn%d \I/%%r égf%ernf%% ttorel2(,;’1L0f(i)r|1|olfligure 12). 10 The observed addresses that
are not extracted may be removed Trom the selec et one or 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 &urmiton, aFistda kisiimolizatidecofiyroibabdiy obd dihst s slemgipdrotratignlafethe
selected {aeption,Rgints RSiGANG pesiHen ahineduePladndreiPRsad AR SPURSPARAINg gPserved
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
theis(ilecr?e% o'c@%cr)r_l %ﬁéﬁg ?ﬁstﬁ% ]Fg@qg ﬁ‘gﬁgggov}lggr% S 8%9/’?1 V%E%Eg% ?{%& %élﬁ%t}é ?c%c’a%ioé%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 FovdablAredyticstep 912 in Figure 9). The method may further comprise selecting the
obsgyved 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 miFF88AOABARIS EHRRMPRIME R HHEHEE SHerBURRSHENDRE rAaTESHHH CABIBRGAS the one

or more ltheatiew 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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5 points comprising the selected observed addresses with variance of detected received signal
strengths that is beyond the predetermined variance (For example, this relates to step 904 in Figure
9). The method may further comprise receiving observation data wirelessly from a mobile 10 device
located at the position in the building, the observation 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 coyering the case where the method is performed
by & senvAr CLRA A AL e SRy TRt T o e B el T e
detectingasliekgwstion data at the position, the observation data comprising observed addresses and
corresponding observed received signal strengths of wireless access points detected [For example,
step 902 n%covering the case where the method is performed by a mobile device (For example, 102
in Fi ure@jt ﬁaf%WEBCt%é"cg%‘(ﬁhlaf?e %8&3%”8@9[&& ?PBr"&i&iFﬁ}@F& 1290 Mo e B EYCKY as a
server likectio2Onfistarden détapasidseivarmide-stoFegunalding hieatetmpd ses jhuftiew cgnseise
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 storefe¥fmAROthEEigHBG RIS AIRAHRLPERMARSNG Ahrg Ve iRARr BseSsrane atiaRRe Al ber of
times (Faiexarepedéiitetnjas isrdeysieps Wirblighy adesipappariesiea\vrree bydhierdeseaription of
figurgs 1 to 17 e described.in her m fol paratus fo ining
i e R R A e R g AT
Firstly, a iffohgfFor example, a memory (flash memory, hard disc drive, and the like) 35residing in
the mobile device 102 in Figure 1, RAM 1620 in Figure 20 and data storage 1630 in Figure 16] for

Srengind A IdRo L8 i e i e BRI Tod BRI g o BCM D Ligh SOD B0y
Secondly;igulathbespifeingaarupdtyl G30datiPigoeantso) finesrsieg!iverstersly sfaheytofldirg from
15 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 (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).
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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 15). 10 Thirdly, a processing unit (For example, 1602 in Figure 16) for selecting one or

more location points,comprising the gbserved addresses from the radjo map (For e le, this relates
o step 1008 T B O TO BT LBl S s SaBier b e O AES (Bnfigured

for deteriii@iragia stercin dseraigr off sRlegnsitne sy oceilatatioa Samtpesapikipdche akisensey of the
building, HogrsysePRERDIY heiromalsylaed Ry syEHRS Rlkisgivisu Riehabilitizser aagh opserved

addrgss contained in ea(%h selected Iocati%n oint in the radio map of the respective storey being
detedted BT tHEGRYPERIR eGSR tntrda iﬁgrfhé%torey estimate as the storey of the 20 building

having highest value of the calculated sum probability, wherein each of said individual probabilities is

calculategpasedeiyihg SPHGsRANANE pRECVA ARG Ve drrignal SHERPRitRidRAct absahved

address in said each selected location point and the corresponding mean received signal strength in
said eackYERSERIBR ARERI Nt IeBRAHANYEAi Rt DIRSBHARIANEL Y& lkeo FXaPABIBP id 8l ates to
the stepsénatdgtivesdcpsutidf pbf ZKPThESProsssiing witi (¢foreexanple 1060 Figurdgwae 16) may be
furtli18r 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 maphs ARseuamhattieseReHoexanh BIdraptecElae a0 SR Lesisam riguseleERBOMEH selected

one or MRI§doeaHANNSIHE MY BRasRiectensiremtasfitarrddeaim of ioteres T Ahe satRdnginin the
step of sel ctin% ope gﬁ%lor .Iocat'%n points comprising the observed addresses from the radio map
(For exaf ?(5? S Pe? &'t Er )(Ion of CP_LIST_1). 35The processing unit (For example, 1602 in
Figure 16) may be further configured for extracting a number of observed addresses with

CoriBsPORAINGILERIVEARIGRE FIrandthRiRPM4 iipdriatfaiadoRlle roligrapeieatiiriates to the

creation of AP_LIST). The observed addresses that are not extracted may be removed from the
selected BPRUGP MANYE=RIBIP PO TR AF xEIAPIRICHNS LpRIES 19 ﬁ@p&ééﬁgﬁ’b‘f EPAIST995e 5The
region ofimjerest 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 determining a storey estimate of the position may comprise the steps as follows. 10 The step of

determiniHif £'6i R PRISIMAIRIA HerpbsribRAR EmhoRLioNHBISROWRIFSisdollowing steps.
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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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 point and the corresponding mean received signal strength in the first selected location point

containingH@entisgiceb sesyetl) ﬂﬁl@trasanenebseemdhg qalcwWateg dae fustasavie fatreashone dfthe
selected doeat*og Pomts ar exa H‘ll% re ate to st 100 errlT:]Llﬂu van?a g Trhlrd summlng up

first values Calculated 1or the Se selec e(ﬂoca ion p0| {8 |n o map of one storey, w ereln %aid
selected foeattdreatingtoegl doritedrbdilciiaraoe @%@@&Pzﬁdcﬁ@ggﬂm geesawrdocdiienaprirtsurthly,

Camu't’ﬂ‘“%ﬁ‘ﬂ@r RiEOIE VRl o %H@FMéé@%FMﬁﬂtﬁ@'%%ﬁ?m I3cTOEnRROIM &R aRBE IRk splates to
step 1008 in F| ure 1?;8% Fifthly, s mm‘?ﬁg%jicond values calculat fore ch storey of the

building t%otﬂét“ mpd P61 TRSES YLD RIBTTER] (PERYAR S99 cting the
largest thstdanglhethatt%emeyteetmmae%medmmepdwEmemmesttmp @e:laee Bigtae W430The
processirpggupgtg -or 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 coTrisiaehtite mbsefme@badﬂrmeﬁee frecsiviveg radie matoreelectingréhessipef@mmarenigtsiation

points co t d erve Saddresses, wit flance of det t \Y, I
strerg);thsg%?ét e%%ﬂs h%gp e%giermlr?te vg)Hgt(ahc r%%?emp .o%é%§|§§er§ ISI§§ %%ﬁr rElﬁiigure
9). The a’tﬁﬁ'ﬁ&?éfﬁ% mqasmwwmeweetea:tﬁwﬁ!@n%s@mﬁ@tsntewejeres ?@é@ﬁﬁr@@i@
observatigitdtata Wﬂt@ﬁﬁb‘oflrz@ﬂeatﬁ@tl ﬁ%ﬁ&%ﬂ)lﬁ%ﬁ@)@iﬂﬂb&epﬁgﬁ@@%ﬁww@ﬁwm@ dhse
apparatus may be a s rver (For example, database serv in Figure us may
comprise B S R RAAET TS A Y 18) 5 B ARG DU It HLGE fom the
position i.e. the apparatus may be a mobile device (For example, 102 in Figure 1) and also the case

where the kRUR SeWics (h ﬂﬁe@%@%é@&é@tﬁ@%@&bﬁ&?%@a% hEPIG KGN EPHIIEIIESN

database server 106 in Figure 1. 10The processing unit (For example, 1602 in Figure 16) may be

further cSHiR GRIBPIG e RBSERE I A LRSS T ﬂé@e?ﬂﬁfﬁﬁ?@@ﬁ@%t%ﬁ’é?%%ﬁ RSV DRSS Humber
of times béaséctiensmovethoiotzedelsteddfion eb&tmpd:epeimreﬁmaedtmvwm@ piiel tageamh story

timat i t lue.in th
estima etﬁ&ﬂg%elgﬁggﬁr)gﬁﬁm% % Yt 8e Po?aﬁlgt ey JArIng, Qr%ﬁﬁ é@&dﬂ\(@ Hedln the

predetermined n or example, this re to'the steps |n ure 8). 15 Many
modificatiSif§@eotRePilexdRiites (Eon BEamalke Pt nfdaHER) Bhif ARGES ﬂ)rséé’t%rrrﬂ'ﬁ@in&)rocatlon

infaronatigisahadyadstia@ade semuititgtireriguilding 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
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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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. CLAIMS 1. A method for determining location information of a position in a multi-storey
building, the method comprising: 5retrieving observation data comprising observed addresses and

correspoppiegvelsensbiespivatsHgnahstid ngHaeed Wisiespartesetats sefestiessaibhersesition
from a memony, o r%HSYA”ﬁ Lorr S ch storey of the building, a radio map comprising a plurality of
location pomr{1 m’t%eprespectlv <oy 'y of the building from a database, each location point
10comprising addresses and corresponding mean received signal strengths of wireless access points

deFeCted S’éébﬁdf??%tieé‘t&&é@é %Pgr%ﬁliﬁl@?e%@f)thﬁ WH%P%P%toring?qﬁC@é]&woéﬁr@y Bojigslocation
pomt%s comprising the observeF%address s from the radio maP; determining a storey estimate of the
bosition (K43 IR, a8 BrGERBE) P51 AL SHEFed o APBIARAS! tRELISM BBBSBID Deing
calcqlatecé&_;gegﬂmrrﬂrcggyll MdilvﬁjlhmlliIph@abﬂ?ﬂeﬁomhémfppbﬂemmbasidgewd:mmsn@lm geein selected
location paintdp Shaitg o BNy idhaIrssanRgie FIrRYRE R JeteF iRt O RN RPRE RN §oaigIGy: and

setting the storey estimate as the storey of the building having highest value of the 20calculated sum
probabiliBP I FPestiRadrsaidnA préBabiiReBrisIdliateRisssesERInOR MrEGYERding
observedi taeiv e aignd, stiengthrajseid each tBEevEhaddress in said each selected location point
an(égﬂe 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:
determinifjrelpogitspcessinatendt (herpesiitnibatedlomwadhted el épagelestings fecebralftges of

every selpetRbiogarian RAHYreMYaiingbsailePeldipbsIy ebmdthe $adid thRsadhier Brehfiéhenpstimated

rey. e
storey relates to step 1004 in Figure 10).

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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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 claims
1, 2 or 3, the method further comprising: extracting a number of observed addresses with
corresponding received signal strengths above a predetermined value. 5.The method as claimed in
claim 4 ereln the ved ad re sses that are ?015 extragted are remove hfrom the gelected one or
more Ioca 16n p0|n¥s eessrﬁ%th as dI3imedaR dain; Whereln‘?ﬂe reglorﬁa osfelnfe?es I the radio
map is filteeeel | peatian mlmeufﬁ@rekarm@nmrelﬁﬁﬁm thewmpetgf@PbmrﬂTa@) 7. The method as
claimed in any one of the preceding claims, the step of determining a storey estimate of the position
comprising: 10calculating, using a Propability Pensit nction, a first value indicative of b||ity of
o e se Lo RO S0 S BEARJE HOTHET g (hd olhS: o T B SRS dbmsed
on the carregpinitdiofjeaobresivesl pesitveth signaltisttersythatiand r&twtmelmeté,atﬁ(keelamthesmess selected
location pqigs ang {qgﬁorrespondlng mean received signal strength in the first selected location point
containing the first observed address; 15calculating 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, whiesejtepaitdeedeciathdosatsepaitinad cotmiapositkanmmagreohnpabetasdirsss tolgeisa second
valye; and calculating the second value for every observed address that is common; 20summing up
second values calculated for each storey of the building to get a third value; and selecting the largest
third valuBhgssthie ehorigr@dtintheest@er retimata el the BRERHMRAAY BRIt PlawagiateRefaims, the
method further

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 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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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 location points comprising the selected 30observed addresses

with varianee pfpdeiesdeddie e imprssighal aiingihs Biainpleeyesd therpiedeteyminestupiiange 9. The
method asoclaimed ila ny on?egélthfar doreceding cl(?ims ﬁhe m%tg?%furtheg. comprisin :”%Sreceiving

observat%nsgg%'%re%gswr ro 4 mobife ré]g\k?lcee slated 3?tﬁ1e posﬁi il ne'%H?I%Iing e Bservation

data conipasingesiservey heldresses ral exaraplsoddingasshsenerd Receifiatsighal strengths of
wireless access points detected by the mobile device at the position. 10.The method as claimed in any
one fthf receding claims, the method further l§com risi detecting olgservifxtion,data at the

ng:
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predetermined number of times based on more than one observation data to collect more than one
preliminaf§i&19 A8 FeiYRitikaier instancedatanagasaie stor EGtfife the same storey having the

largest third value in the 15predetermined number of times. 12.An apparatus for determining location
TR ASSURE I8 TH SRe 00, oA 485 SR s coR PR
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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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 signal strengths of wireless access 25points detected at the location point and
coordinaesmitbe 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 surh preibadifiey éeikrg tiiculetationyidarmaiing afl inebsitioalipbadiliseseyfddinebserved
address geniaEIRsHIBRASHsERIected location point in the radio map of the respective storey being
detected on the respective storey, and settin%i,the stéaﬁrgg/g timate as the storey of the building

having highest VEII&"81%haRSEVGHAB1 @i FPORHRY, 9 irPEdE RS M InGUIRTRP PR MAbilities
is calculatbskinaescboeivtbe signasgiemgitng obs@rleskracesse phsigialetretagtht ths piaséiachrobsarved
address insgigheach selected 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 clainT@HeHY plOERRGAGSIRTRb S RuRHEAIBBN R (REI® SRGP COpR¥EREiRng U Bbsifbn
estimate |ot #uierppsitiznihase deepasiig irtcogver agebikiag obaoardnatesQfeistryosateeigaigication
%4.The
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claims 12ré&i% %ra%?f, the processing unit is further
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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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 i any gne of ¢ ms 12 o 17 the ste éde erm|n| a torey estimate of p[ posmo

B, 5‘ S % ey dbsgved3d o

comprising: elcuf%t ing, %Ssﬁa'rg BroBaea y ensﬁyellﬁu Siom 8 UE R atRe oF probability

of a first suleastad Reatorovediecoselbeteeleotastioneginmeredisgtibe prigiion of the mobile device, based
on the corresponding observed received signal strength of a first observed 30address in the first

selected Iocatlon oint and the caorrespo ean received signal strength in the first selected
ocation foint cONETIHGoReh SPUBER Ao BE=ESIR e Ao TP AR B e

selected litteathgsents) vicinity saf rmpriengous bmmﬂuea caldi:kteeyfonitbmgelected 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; calculating the second value for every observed address that is

common7summTﬁ1§ Ul?@’@é’o?ﬁi%[ﬂ@g Eaf QR FoeRRGeIRG GRitRe MRIGIRE & SRiEMIIRG Alue; and
49 selecﬁmgeweslafwbthﬁd w@éubraedhﬁmémgry estimate. 19. The apparatus as claimed in any one

of ciims 12 0 18, e MpSaaning LINLBEIRY IRy eRILRCd 9L RSLRHRRANGSBRSIBAresses

Wlth variance of detected recel ed signal' s
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
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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 10predetermined variance. 20. The apparatus as

claimed isbaByedekhlatmsghdi torkAgths PRRERILS SEIBESIBBIBEsIER6EIE bipthe efiviRgdegce
observatiacmhdeata v.\ﬂ(r)%lessly from a mobile device located at the position in the building. 15 21. The

apparatus as Jamed 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 furtn_gr comﬁa%%ir%@;f% claiffR¢atinghaihstep ﬂ’lfedBF%@Hm_QchQﬁ@EOﬂ?é' RRIAMA Ather
predetermined number of times based on more than one observation data to collect more than one

preliminaf§)"BFE)%stimate; and selecting as the storey estimate the same storey having the
largest third valdetstting 2bpeedeitarmate dintbmpesitdrintesobservation data comprising observed

addresses and corresponding observed received signal 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

48



10

15

20

25

30

35

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
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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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