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Although there are a number of rndoor wrreless posrtlonrng solutrons avarlable on the' market .
most of them requrre the deployment of dedxcated equrpment maklng them too expensrve
_for mass- market |mplementat|on .
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'sSUMMARY

' Accordrng to one aspect of the present rnventron there is provrded a method for determrnrng
S location: lnformatron ofa pos:tron in a multi- storey building, the method comprrsrng retnevrng
_35 B 'observatron data compnsrng observed addresses and correspondmg observed received
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wirelessly froma mobil e devic ocat posr I on
The apparatus nay conprise.a-detector for -detecting the observation‘data
- fromthe posrtron The processi ng unit may be  further configured for
repeat i ng:said step of determining-the storey estimte a predeternined ,
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of tinmes. BRI EF DESCRI PTI ON.GF THE DRAW NGS.- Enbodi ments of the invention
"will be better understood and readily apparent to one of 25ordinary skillin
~ the art TheORPEIRSINDAINioNRY evibitherctpriiawedifor selactingythevgpseved edddseesmity and
in-cenj %ﬁanc‘érbf%fé&tédh@céwﬁ%@gﬁ strér%)ﬁ@ﬂ"%hrs beyohd le‘r&iete]r g"%ngnc% tic
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. selection al gorithm-of the system 10Figure 10 shoW a flowchart for

calcul ating . probability of an.access point being observed on -
The apparatus may compnse a detector for detectrng the observatron data from the posrtron
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' storey estrmate a predetermrned number of tlmes based on more: than one observation data-
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BRIEF DES_CRIPTION OF THE DRI_\.WINGS
_ Embodrments of the |nvent|on will be better understood and readrly apparent to one of g
25 ordrnary skill'in the art from the following wrltten descrrptron by way of example onIy and
in conjunctron wrth the drawrngs in whrch ' : '
‘Figure 1 shows a schematic diagram of an application of an indoor positioning system. o
: :3'0' _ Figure 2 shows a floor plan représenting a Radio_Map of a:ﬂ_oor ofa m"t'JIti-storey- b'ui'lding'..'
Figure 3 shows a plurality of tables c_o'_ntainingr data of Calibration Points of the system.
N Figure 4 shows a ﬂchh_a:rt for generating a Radio Map of a multi-storey building.

' Figure 5 shows a table contai'ni'ng data of-an ObseNation;.Matrix-'(OM) of the system. _
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relating to a. sel ected list of Wreless. aCcess ‘points: -Figure 14 shows' -
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shows asﬁ;cé}erratr c diagramof a dat abase server of the system Figure 17 .
shows.a schematic di agram of conponents of the system Figure 18- shows a
fl'owchart -of an operation of an indoor positioning system. -30 DETA| LED

. DESCRI PFigGh 7 shdws &-figwehartlof thehepegation of trevindext pasitgrit@ayst®0, whi-ch' includes

.a mobi l e device 102, a 35positioning engine 104; a database server 106; a -
Mer chant web portal 108 and a shopper ‘web portal 110. Date of recei pt: .28
Novenberigdfsld st 4 flowéhait)of BABOSERELibh BOBBOTnerdS. the Systésl / UOU397 Oper ati on
O the system 100 is as follows. Cient based software inplenented in the
"formof a nobile applicationis:firstly downl oaded and installed by a user:
on-the pRbid @skisi & foddriwfa fact sdlediontalguriten diihe Isystemsuch as ‘a Third -

' Geéneration (3G t el ecommuni cation network, "a CGeneral Packet Radi o Service-
"(GF'RS) data link and the like ("tel econmunication |ink"). The nobil-e
~devige ¢@arecmrhrmbvtsea SoWérzel fes salEilatirlgi drybabilty &1 In acoeabpeidt seing obpreerbon
touchScreen-: t abl etI s(jon‘gﬁe not ebook, conputer netbook and the |'ike. .The
mobi | e - 33‘[3?5?! 4ns giiti-Lorg, H‘Bt‘ﬁ ed to exchange data with"the database server
106 and the positioning engine 104. “The nobile applrcatron is used for

ot var Bl Eapov Sheblneor L o BY R gecEot P8 Aok btoie oflE8. (o -

of a W stérﬁtel’faCe ‘of the mobi | e-device 102 to extract Received 'S gnal
) Strﬁ{tgth (RSS) Indicator val ues of aII vi si bl e surroundi ng WFi access:

poi
t he nDbF|garel €Y bigswsld Aowéhart of Aéddons ipgriaf a Regiurbef Intetest (RAI) isybrobtnarofidhe e
devi ce 10 Each access point-is indicated by a Media Access. Control (MAC
addressS ﬂ“has an RSS. val ue denoting the srgnal strength of” the access )
poi nt “as pi cked up by the nDbtle device- 102

Figure 13 shows a table contarnrng data reIatrng to a selected Irst of wrreless access pornts '_
20 | -
Figure 14 shows tables containing data cf:'CaIibrat_ion Poirits of the system. -
R Figdre 15 shows a ﬂdwchar't of a position e's_ti'mat,e's.ubroutine of the system.”. |
25 Figure:16 shows a-schem'attc'diagrarn ofa database 'ser\_{er of the syste';m.

Figure 17 shows a schematic.diagramOf compdne_nts of the system.

e Figure-lts shows a flowchart of an op_eratioh of an indoor p'qsitioning, s'ystem.
DETAILED DESCRIPTI'ON'
In Frgure 1, there is. provrded a system 100 whrch mcludes a moblle devrce 102, a

35 posrtronrng engrne 104 a database sefver 106 a merchant web portal 108 and a shopper .
web portal 110 ' o '

An access-point (al so known.-'as wirel ess access point) .i's Visibl e-to g



MSS val ue and the MAC addr es

t'abul at ed. -The tabl.-e of -RSS vg ‘38@“’5" corr‘ee"spo 03 gz%‘iﬁlg@ugﬁ’%é /SS/.L&V[%UU@EIW
( MAC) addresses of- the access Points i’s t hen transmtted t.0 . the.

Posi ti oni ng.” engi.ne' 104. The transnission i's done via.a tel ecommunication
link. Wpon rece| VI ng the MAC. and RSS val ues ‘from the nobile device . . 102,

t he posi-tionin é(g (f @ Cal cul ate an estinmated i ndoor | ocati on of .
t he nmodPpegatio , 1 ! O\ t he | ocation information to t he . ;
-dat abase server 106 The i ndoor |ocation of the nobile device.102 i ncl udes

_thefloor of “the bhuil di-n 0 t bile
towi ce Qisat basattsavers ek if fie i khS RORE pBbaEh1MES, Guriieaobi
est i Mt fg inBENSd by AC@er @R thE rhitsiertslvicee! 2evia etefompuniqatien Hnk SusaES der ver

106 h ad / mar k : 102
el et IR BRI G Bl TiseAla] PadibenanbteRiciadrme) 02

. tine useétasnrpéﬁ@gteliﬁé@tﬁé@manm@nmklmﬁmmbb@ de\iest bﬁzﬁwtsbbm Wigglessant s. -
It |saPreC|ate t hat Si ushi n erthsi n onto
" the nobFidelitydWiky efé?'edo"'t"?@? D?VB sodf'%cr de\ér h%bt'?%oﬁgégm E(ﬁol lked(;de?I?(‘%Ur;!{::{lct ed

from t hgsBN lafid dryilke. TR, mdmrleaapplnalmmmcoraﬂgelfqﬂ &@Xgﬁnéﬁt@*a Wl M abase

‘'server 106 receives he |matt d i'n a lig ydayifee- 102.
e e 0 i e i e ki o

rkiyg/ khétléétﬂr(gtbdértlﬁﬁzfﬂhe nhdlﬂeﬁﬁﬂnt:éﬂﬂlﬁﬁ;detd’tMIldmgchant web portal -108 all ows
each nmerchant to create 'his/her own personal -accounts. Through the- personal
accounts, . each nerchant will be able to upload and publish. their

advert i gyHaa/ dBRuAed bhenyBcatdrainshe ibuildiag, the mebile @palitation g1ekes Hee AbA Wit

‘wilT be able to set the- busin | g f i eals.
and . dowintestaget dethg 1aPRE; Q%V'?ﬁﬁﬁi& %ﬁ%& Regeq\’éas%%sg?c?n@" gr@%é)-hﬁﬂl&atgr of
clicks, Vg.g@g bedil V|§5|§ suﬁmdawp-e mcoush poDts. An messpmvt (alse known AsWirelsss and

servi‘ces -al so avaj | . the, no |Ie ugh .
Ehelheb apsess pontiisaronls 1t hemapfedryte, GRRIsTRl ol &glﬁtﬁtﬁ?‘g‘i‘té’%’ect

~ hi $/ her meplioRRvize 106 fERicanse®sss rmntmluhdreatéedzy shiediap@ecess djontrol (MAC).

T g It AT B, s b siavu v

Advant ag,quéswb"etm.oemem 100 provi des-an i ndQor. posi ti oni ng and

navi gati on' t echnbl:ogy t hat taps on existing WFi' networks already installed
i n. fost modern bui.l di-ngs.: M ni num 15 resource is “deployed in this instance,
t habgi s Trb RS SinilabasetheMACBIAGEs aheadhitetqnted atsas Rginbargitaulated J hertedle

reaul e s LSOl She 8L R RS kA SSLLIRES AT oS ofeNd 5eodst02 11

Fi- gure tec nore scal able and
~accessi kyo@nsf @ tHeheraneatttediatok e emhanr@usmgmeaé 04 20he trapsmissigh A¢ Sen@iviat hat -

- aIthough t he merc ort al. rhéHile VR been
' descri B@FOFP'P?H”'F%%‘JP"W@BE? |r%?ﬁ“ﬂrbg g’s pﬁe)ﬁl‘tct Q’?" E gég?ée\?ﬁm-tg%rﬁ@d'egene? ic -
and can,qpe, uﬁ#dosrﬁbrmtghaﬁglm 408 velucchlcalstef on gstoptes/ tﬁ!§§@t logatippkefrife dpoRilg -

awar eness | nteractive fine \ amel a8 @f
appﬁﬁcatq%ﬁea}%§”¢ cﬁe”{m ®i Iﬂ%aggp e ﬁﬁt:{oﬁg?ea?égag%% éeﬂateg 1505)s(tem 100 ar e

as fol | qy&stior of the@bbile eextmetgozpemmdes threcificms b the b@lldlrtawtt@r?n ?%‘ééhe %Qﬁ‘}t?"as -
nospit alesstlm(i}tlter &%e mob%e 8&\}3 c!enﬂ)Z on that floor. e

, : After the database server 106 receives the - estlmated mdoor location of the moblle devrce
- 30" 102, the database server 106 may push -advertising/marketing information to the mobnle
| devrce 102 via a telecommunlcatron link according to the estlmated rndoor Iocatlon tlme
" -user's preset preferences and business Ioglc determrned by merchants It is apprecrated that
"-,besrdes pushlng advertlsmg/marketmg mformatron to the moblle devrce 102, other types of '. B
mformatlon can be pushed/extracted from the moblle device 102, or actlons can take place.“-:.';‘ '

35 after the database server 106 recerves the esttmated mdoor location of the mobrle device

- 102."



- positi gzljngf ;ngeng\e: lggt ngt engl AE © rece“m)ﬁ |2§1e1%2aga&§lzﬁblg?ﬁjgﬁ&%@%ﬂ%%wﬂr :

‘to'create | ocati on- based applications. - to serve as the underlying
“technol ogy for the inplenentation of a rmbr | e marketing pl atform for mega
_ 'shoppr hg nalls, wth full navigati onal capabilities and i ntelligent pushr ng

advel’notkr t?’h eerl@g%aﬁm%%é’rE Akt Wep o%ﬁld@éllo?@%}a%ﬁ%&lan?tooérﬁét%rlﬁslﬁ@rsown .

Details o] p05| 1oni nd aspect are: descri-bed as

foll 0WSper35nal sonodFitg UFreodgh thecpasinal peaswintse ¢ach mqr@hﬁnémyupg,ab{eotg wRiead f |.oor - '

pl an..200 @8?‘?} sh tﬁe Fad\le%’é(n /J’nQﬁ(retm lna?é %E)ser ’reall‘trmé rln Sdditibh, etﬁé Bﬁaﬂﬂ:ham%mr ey

n
bui | di n% emsuch as 'sy escribed as in

recei ptbe mlel\lm/eetbthle REinesg 2189|g10 Z@lllf)edP@T/pSStBnghgg@ggliggnmg%@? Sittgre 1 R

to f nct 'éfﬁga%rn thgﬁu{lt%odt' ?resﬁaﬁslsérvﬁphr{ﬁ’t‘oersof%l% Rotfbigtcbui L di ng woul d |

req not In the present speciificati on
t he: vvords "floor' and 'storey' have t he ‘'sane rmeanl ng.and are. used

inter Ch;?@g ﬁ%‘,@élr b%ﬁ“ﬁ%{(%q h KRk ?rlfSﬁna%H%ﬁrHtéé?sl ééé élscl 36iQbIEBR thomdblie:

“'arbltra practice, each radio contains data of a .-
li-st- of apglichtioratn erwghopages Thmugla tlypweb age.fa uear will b@ ﬁé'el:i@qu%ﬁtﬁ@ persRNata

oL xS ke ek A oo BSLIBL QISR e s avd’

In Frgure-1 he “bui I di-ng.
40The vaerssrmg/maﬂedng)ynaleiaés ki hersgnt techimi/har. b tf‘@aﬂi"lolvpa't weh ppaalnt‘so dhet he ,

" kth floor th ) wi th a measuring-device. The = = =
measur i H% de(/%ée 88‘3&%&%3%&@ @1\1% ena%l ed smart -phone, t ouchscreen t-ablet,
co_rrputer not ebook, conputer net book . and the |ike. ‘Each .-calibration poi nt

CP) h t |
\(M t)h' o é%r{tggfeo%rﬁ th% tatnb‘?%) (p'rd \?g% tneéﬁrp%?tloﬂmg amd dav)ga’ﬁdn&%rﬂgﬁggaggg
| nd| cat thag tapseorplwstmgaNVIFonethdts alreaﬂhen%alleédﬂeﬂos:uml?rm tpaildingsm Nligimypy 5
a -
honl5 RS 8 UpRTRE Bl Widhbo ARGERS YRR Ssd R Ao k) 1 Rofifns I ;
SI gnal ShgieelgiOk aral reqgiredniebPredictingithe: msitipm restlmetemchadmtéles@'cel ¢102dnnot ed’

that ea b, 239 £330t llatlldgﬁ%técllﬁ&ls Q?n&esgaéne%ﬂaaecé@%% pRtHeEmagach of

t he nRS PSP aver ging a few, neasurenents of .received
. signal stariezighd indaistries. det ected by “the neasuring device. 25The chqi ce of
't he posrtlon of the calibration points is deternined based. on, for

" instance, i) accuracy of the location-information required of. the nobile
devP.@e IIOQapprecrated that although the merchant web portal 108 and the shopper web: portal have

been descrlbed the indoor positioning aspect of the system 100 is generic and can be used o
__|n .other areas such as for people/asset trackrng or in awareness lnteractrve multrmedla
. “applrcatlons and servrces Examples of appllcatlon areas for the rndoor posrtronlng aspect of
s the system 100 are as follows. . ' ) ' ' '
125 | |
: - - For tracklng people and assets for enterpnses such as hospltals alrports shopplng-_ _
: malls and office buildings. N o N _
- To serve purely as a backbone rndoor posrtlonlng and navrgatlon englne for moblle
_ devrce application developers to create locatron based applrcatlons ' _
_ ;30 - To serve as the: underlymg technology for the’ |mplementatron of a moblle marketrng
platform for mega shopplng malls with’ full navrgatuonal capabrlrtles and mtellrgent pushrng of i

_advertrsements based on trme Iocatron and shopper’s preferences

" Details of the indoor 'posi_tion'ing 'as'pe_ct'_- ',o.f‘t'he system 100-are de'scribed as follows. -
- . In Frgure 2 there is provrded a rectangular top view floor plan 200 of an arbrtrary ﬂoor or =
_ storey, k, |n a subject multr -storey burldmg For a system such as system 100 descrrbed as in

g



i) conpl exi ty of the envi ron?ﬁm&o .le IeNoRthiRE Sk (zlsfﬁ’?dlﬁypéﬂ%@zo'iﬁgeﬁdﬁ” |

toi), generally, the closer
‘better the accuracy of the radio map for purposes of Iocatlng t he p05|t|on
of the nobile . device .102 in ‘the radio.map of the arbi'trary kth {1 OCor.
"However; it i-s noted that if the calibration points are too close, :
cal i-br at=igmre 1 itdTRinativh fEOOBE bandang %bﬁﬂﬁ@fbr\mdr@puﬁthe arp:rcrmgewemd réquireaeRadio

<t r1 olae el it Has ibe prsen! Roscantos. Haswaict s oak P ey 18N8 o

ratron poirnts are toget 17u4u397 B

each ot bgmetmeae\aﬁgearmcur@uﬁatmmitcr@‘ng‘em position ‘of the nobile-device 9 - Date '_ R

- of receipt: 28 .Novenber 2011 (28.11.2011) PCT/ G2011/000391 i/.Y3ZUOUU397
102, .there are tlnes that even-distribution may not. provide the .-desired.

accus ac¥igure Qhesﬁae@utratepmarrpueadro nerp\rbr e Eifray afdaer RM,. flrﬁ)bracﬁc‘é 2acke,

proximt to a SO n nter ence. N, suc SES
B ot T biAdd ey Cotacaate of 3t Paper panlsger B acesty 1501 1l Biktingg the o
i), payel &aévehﬁlsa@lbt m§|b|¢d”lst6$ed mqaé Idatabetse Buivkd {108 indige apdnd ipogediRsi gn
al so af fects-the placenen |br ati.op _points. An: exanpl e range ot

the di s{osAtRE e E&F‘Fbrogt'l‘% f‘sh‘? Quilsingy 5-metres. 10in Figure -2,

‘there are: 7 r oons arranged along- the rectangul ar si.des of the fl oor plan =

200, 3 202.are horizontal | arr ed. and 4 To0 04 are v rtically -
GRS e N R R A R R R e N A
the cal infyaslieaienBOvith @ MegsRgesdvRe. THE hnéal%@hng Ialemarceulavwlawvuh. %Tnélblb&lt ed

i nsi de and outside the ro 15Fi-gure.

|l ustrate nc ly the - »
- nul ti - dSMEAANGAS oY BeREE tﬁﬁ%a?%"t efan?fm?kstﬂﬁ" “f‘l’fé‘e%l\ﬂ?a g Zlil‘teal ns a hist =
of cali bration points, i.e. CPk,:, -302 with coordinates (Xk v 1 CcP 1, T
o,k 1, , k. 2 304 with coordinates 306 with coordr nat es
'_._.'_(xk i Ry cal@(at{qqé)o(lﬂtggljf)rrapparggﬁrr;e%gﬁlthe@l%mq 'H%P'U?{‘P’t:ont ains a list of

- det qagt ed WFi access points. MACk,/, MACK,2, MACK, i.and the correspondl ng -

' rrRSSk l r&R&%lé o?drngl?esss vllntllt rersepggtutgeh%n%ntalo(s)(r glng %ter?tlcgl' l\((’) axegl ot' t'he floor plan 200

| |nd|cat|ng the physncal Iocatlon of the selected CP |n the form (x y).

2)A Irst of MAC addresses of W|F| access pornts detected dunng the onsrte measurements :
"~ 20 at the location of the cP and a list of mean Received Signal Strength values mRSS?_ |
' 'assomated with, the MAC. addresses lt is noted that each MAC address would only have one
_corresponding mRSS value Each of the mRSS values is calculated by averaglng a few: -

measurements of recerved srgnal strength values detected by the measurrng devrce e

'25 The chorce of the position of the calrbratron pornts is detenmned based on, for mstance
) accuracy of the locatlon mformatron reqwred of the mobrle devrce 102
| u) complexrty of the enwronment and a
m) physrcal layout

30 In ‘relation to i), generally, the 'closer the calibration po'ints are 't'ogether the better the
accuracy of the radio map for purposes of Iocatrng the position .of the mobile dewce 102 in
the radio map of the arbrtrary kth floor. However, it is ‘noted that rf the callbratlon pornts are. .
too close, calrbratlon trme and cost are mcreased without’ improvement to the posrtronrng o
_ accuracy ' . ' '
35 T . | o |
. For u) while |t may be. better to evenly dlstrrbute calrbratlon pounts rn the radio map with
equal drstances from each other to ease computatron of the posrtlon of the mobrle devnce

9 .
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Cal i bration Point in-the Radio lustratesS a FedSudEnRIou3
procedure 400 to get the Radio l\/lap of the multi-storey 6uildi ng 412. The .
Radi o Map of the nulti-storey building 412 includes-a Radio Map for each.
25f1 oor 410. At step 402, a person perforning t he rreasurerrent procedure ..

hol ds . a a:g% ?Bté B fRB |tﬁ‘atd&)éhC@lsﬁlBGho‘ht inayiﬁwoﬁtprc&ndb" ¢hedl désitedi auedraCalin Hhat i on
Poi nt’, . 30At. step 4 a_ predeterm ned w l:es of RSS
readi nggommlWLEue l%e’c‘dpl‘@@f‘@dchl%?n foEStARSE AP ?ISBUFB&S’?% k9Nl ach
MAC addigsferdfieti Sfth dabed, Bva@HREibLIGH ofeRe Balibrd8e pafitls BI®t pessitileiked 't 0."an
-access polnt.. NSAWPLE is a value. selected based on the vari ance of WFi -
signal s in the speci fic. envitonnent. It could be'in the range of, for

i ”St:s’lnc‘wur1 Rghry E’ooﬁl) %pﬁaéllragw%uao%lwaw bheuidiig aats and flbbredasigri alsognal s
--are and the:sanpling rate achi evabl e by the hardware- of the neasuring:

mobi |'e - @gestethe m%tpﬁthet%@@ﬂ?@@r‘”tﬁhe varianae, the Mre the: sanples of .
RSS rleadl nglsdalr)e required (i.e. higher NSAl\/PLE) The vari ance “of- the W-Fi -
~signals cou e cal cul ated, for instance col | sarrpl es of Wi F|
Dat e of Ancxeimple rapge Rbflﬂeﬁlﬁé@noz(?fm%aiﬁfaﬁm%mlﬁcerﬁ%egd’%ff600397 o
FLI/SLI ZU11/ 000397 signals in the speci fi c- environnent, cal cuI ati- ng t he-.

‘“mean WFi- signal- fromdata of the sanples collected and d -
~ varil@ncén qumrﬁa@e@faf?ﬂefoﬁﬁobﬁifﬁrlgﬁﬁ 9%%@ SFCt%gULa(éEeﬁé’é% gaséo%ngar .
: -'ersiﬁ/g}_‘ér ?&rﬂ? %oBtdle rl‘nHﬂ;_tﬁl'tal el edi N eomsS26€bRe U@rdcéllyoeman'ﬁb@ i eHd &@dred

art d db
mobi | 6 e, Suede o@'ﬁé&@&wm.euléztteroawéd@eﬁlﬁ%één RO AT 1

- readi ng§ndi§h I\%E %@E’nlpﬁlslrlb%té?ﬁﬁéreé§h@8wtsr8§$ze(r@bmsand i denotes Wi Ch :
particul ar dress. An RSS reading is selected for the set, RSS, (n)

Only if it is deemed to be a-Valid RSS val ue. -An RSS val ue is deened valld,.'-':-

, | ygif
.ggs | Fl.%uéé %O\g\lgrﬁéétﬁ cémﬂtﬁllﬁtr@ﬁm&mlneﬁaom%lm daitarirt an Rmysloudhe:

redet ermined RSS_up m t RSS
RSS. read?Mrg3Qﬁ C@tmadﬁdﬁg‘s%'bf?é'%wqﬁ@s' PHCPs! Q%M%QP@&Y”% sde* t 5‘@’7\5&2%‘1\2 t.o

~_be used éog,fw.tq coorhﬂﬁt%%'(?,gz Wk? POePt i3 Wwith b dimates! (& dpy foe tHel itiany rahgur e
1) -in the bui e

: nver s eadi n f
. “RSS_ub 'iflvos &ifdi d'é%@fd qoptaies 2 st %ftqeéepéeq@ll%@cmgpﬁgtﬁ%%@w W"SEZ @8 *t i on
~of. the rpfithe cHRUBRAIG ARSS) FBESE,, 1), rRSS[)endaufedidMGoortinate (i1, V). Itis

20 noted that k is mdrcatrve of the burldlng ﬂoor and Ji denotes which Calrbratron Point in the

| Flgure 4 |Ilustrates a measurement procedure 400 to get the Radro Map of the multl storey
burldlng 412. The Radio Map of the multr -storey burldrng 412 mcludes a Radro Map for each - -
25 "floor 410. o

At step 402 a person performlng the measurement procedure holds a measurrng moblle_'

devrce and stands ata pre deterrmned Callbratlon Point, CPy; (X Y« ,)

30 - At step 404, a predetermlned N number of samples of RSS readmgs NsawpLe, iS collected' :
from the measunng mobile device for each MAC address detected It is noted that each
- MAC address is linked to an access point. NSAMPLE is a value selected based on the varrance

| N of WiFi signals in the specific envrronment It could bein the range of, for mstance 10 to 100

P “depending on how large the variance of the WiFi srgnals are and the sampling rate
35 .ach|evable by the hardware’ of the measunng mobrle device. Generally, the Iarger the
varlance the. more the samples of RSS readmgs are requrred (i.e. hrgher NSAMPLE) The

o varlance of the WiFi S|gnals could be calculated, for mstance by collectrng samples of W|F| ‘

10



- —Hence, 'RSS' {n) is a set of: - RSS, DY@ l\rl%§e"’t 3§Nout-mbe¥501‘r?|(2sn Valqﬁfééﬂ%%wﬁ@ﬁ is

an- elerrent of (i.e. E) N,, Wnere

- fulfils the condition of RSSJID<RSS(n) < RSS ub. Mathematically, the .
. reI ationship can be represented-as: follows. 20 RSS, (n), -V.n E N, where f?L -
{-n RSS_ Ib <RSS, (n) < RSS ub} At step 408, ‘the calculated RSS, (n) and.Nl, E

val ues él@hﬁé &P tﬁt@@pe&ﬁc %nﬂﬂfn’frrléh't” @élcnl\t@tfﬁgaﬂ'lér eesn WHC sighat %hedaat ofithe
“Cal'i bratTon Poi nt Radi 0- Map %prloo re usedto

cal cul avamples catscted r@@étaBP'VWB Sb?“dﬁﬁj Y?t”ﬁ@?e blgs 8¥ Wﬁé’ﬁoq@wﬁg’ @8‘8‘7& gnal
' Streng At?st\é?' m a2§élﬂQ§lSpre€€téﬂ’hHEBgvth Quirer fdalrtsevlréwmgsr RUsdlected lﬂ’bmSItHe = 10

| ogi 011 l&eit Ti Unit: dBm t| cal -terms, Q
for mul acclipetee I&emetqrsa erticylae MASH pddress:. 'lvté§ y-the maagyrig. mgo!
whery T heyi@rl & <& Jl(ﬁlc’tl'ﬁlé def %rb@&éﬁnﬁth&dﬁﬁ%d&r bﬂRSS'reaﬂﬁt@gs ifl@endtad by theal so

- ‘calCulates the arithmeti¢ nean- of the caol l'ected RSS val ues in the Iinear
domai n expiessinm BSS4n). gad c@fl’ft%‘lsalt’féﬁl paftieWAEMAC addEsSval ue back into-the
ot ogarl t hm donmi n. The averaging for- ‘t he .nean Val.ue cal cul ation has to be
-done in the linear domai n because' the wean val ue in i%ét in
does nofn R&fereading i selecied asha $7Y. RSB eORY if it dpgyped @qu\% $§ [F

(28.11. 59*\’@8 BQEéMéMeQQBﬁ%nﬂf if k! i Ryfbdkdd @ﬁﬂ@&eﬁb&ﬁﬁlnée@%(bvd&&lrﬁt e
repeated to acquire the nRRSS values for all MAC aijdres tectEré the .

" nmeablr i vajuedR$$ dbidend lower dhanga peadetermingd Raiyppst i hVP PrUD; p
~of a patetagﬁpl & a fnh&@radd%s%peelélm?ssl%rs 40Rsidérdd 498)eafoe weme&i ed dsed fall :

fl oors or al Il bration Points in the ra roor to

- gat her . @patlrtghtéedweétoa @f s pobiR-devieR 6'09aip- F'sallfetlrlén Fhrjrﬁaﬁl"dg‘so%@?"%? Vdi'hg
412. - W tz@srrséar@ BES thz: Ea&ageab%ve\rtwetsqg ctrtada@@td 1 RBRIbAGIS BaUsESTr | bed

wi th reference Figure 1 is:activate ausgr to locate the
posi t i olecating the PRYIRN eftﬂemqeée gayiee (102 "FF@HF%”I‘? thehildiRBhi | e devi ce (102 i n
Figige 1) will be i nst ruct edi by the nobile ‘applicationto scan the.

~ surroundings-to acquire. data for the construction of an Obs rvation- Matrlx
. (OV) 5BenceTRSSEN Bopset b RS yaiues fpr alt (igf Yhintapers Whkre 443 PaseI%%e’étﬁ 8.

- Recel veg) S| Whels 946 sl Btsan(memhérhﬂsdmfumeqsésormntdhtam%‘kmsskw)l ng -

t he scan 502 constructed in this manner 15 woul d be representatlve' -
of the pcﬁﬁ&JubnMathemeécallybthpéelatms&t@ qande reRreseRiar @ 19'owhd Can be : wused to -
predict the position of the nobile deV|ce (102 i'n- Figure. 1). i's noted .-

that unlike:a Calibration poi-nt- (CP),- ‘RSS val ue in: the O\/l502 i:§ not. a ?
mea?0 vaR@@,(n) v n €N, whereN ={n |RSS Ib< RSS,(n)< RSS ub}

and

o At step 408, the calculated RSS(n) and N; values in step 406 for a partrcular MAC address O '
MAC, detected at a Calrbratlon Pomt CP;, in-a Radlo Map for floor K, RMk are used to o
calculate an RSS fi ingerprint or in other words a mean Recetved Slgnal Strength value,

25 mRSS accordtng to the followrng formula. .

| { sz(n)) .
mRSS}, = 101og,, |N|z [10 ] L s
L ‘e 4o (Unit: dBm)

. n mathematlcal terms the formula above converts all the collected RSS values i. e RSS,(n) :
30 as and when they are collected from logarlthm domain into linear domain. It also calculates_ e

o -'_-the arithmetic mean of- the collected RSS values in the linear. domain and converts the_' "
caiculated arithmetic mean value back |nto the loganthm domain. The averagtng for the - :'—
" mean value ca_lculatlon has to be don_e in the llne_ar domain b_ecaus_e ‘the mean:value |_n'-"'7 o

.- logarithm domain does not have,a'physical mean_ing'_.._ o

--35. '
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Ater the OM502 is constiucted,,if gyl 4 b sermsgwt%ﬂftegfgams o

.(106in Figure 1) for 20further proces L[‘/SG rtruobegi

.- .. by the Mbile device (102 in Figure 1) on request by the database server

(106 in Fi gure 1). Figure 6 illustrates a-Fl.oor Discrimination Metric Table
( FDMT)  602. The FDMI 602:is used in a. Floor Selection Algorithm (900 in '

Fi gure %{te mpéeénecawgré tas%é‘at%rq %Bq trrty He MESIRAILES for5 afleWAG Cad kel N

Figure. ocat ed when pl'ication described previously is -
execut e@et@tﬂdowaﬁﬁe mwummpblwqyrcetfqarea mtrwler %k‘i’ﬁi@n(ﬁ?ﬂﬂ in & radigyuiae. 0{7 The
FDMT 60% g:gtaahggf all the MAC addresses’ present in-all radio nmaps- -
constructed for each floor of the subj ect’ rrultr-storey bui | di ng. -
. Correspondr ng to each MAC address is a Floor - Discrimnation Metric val ue -

ﬁ%\s': QM/ 403 5(5’3 ?ﬁd a?t?grear%pe&% PYSall ﬂ’%QJrs: Q% for(a‘ﬂelfdlrﬁ%gn Foi n%sﬁ ther a |

specrfrc 0or s) vari ance of for. the specif 1c MACE
in Fi oorracruc)map ef eactbaﬂeorotp gatioesi gk t ezetmé@mbthezBﬁqw(M@ pt e myfti-storey”
'_-PCT/SGQ%%E@@EQ%@ rL i'/Y3zul I JUUCB97 gk2 EL -E. (ni RSSi, - NR 5.50 Ek-
gkl J: = where k is indicative of a specific roor in the building,
- n is the nunber of floors in the multi-storey bui I di ng, -and (variance of

RSS for Wtfa?réf%%‘ﬁbé & el X3 ﬁtreﬂévér-)thésnsﬁae awrbatonl aéthmbémtth\rarereraeqs of

"t he speci I 'oor . he nul ti-storey .buildi 10gk is the.
_ nunﬁ@r -Figifre ¢ab |algtn@(tecblpy p@rsm o Ipeatq;thﬁ)posktron of the mobile -device (10 in. Frgure 1)

“the mobrle device (102 rn ‘Figure 1) will be mstructed by 'the mobile applrcatron to scan the -
: surroundrngs to acqulre data for the constructlon of an Observation Matnx (OM) 502: The;
OM 502 contarns a list of all the MAC addresses and Recerved Signal Strengths (RSS) of-' -
the WiFi access pornts detected dunng the scan ‘The OM 502 constructed in this manner_ -
15 would be representatrve of the posrtron of the mobrle device (102 in Frgure 1) and can be"'_-'i'
_used to predrct the posrtron of the mobile device (102 in Frgure 1). ltis noted that unlike a
: Cahbratron point (CP), the. RSS value in the OM 502 is not a mean-value. '

After the 'C.)MESOZ is constructed it Wculd'be sent to the: database server (106 in Figure 1) for:
20 further processrng The OM 502 could be constructed by the moblle devrce (102 in Frgure 1) <

: on request by the database server ( 106 in Frgure 1.

o Frgure 6 |I|ustrates a Floor Drscrrmrnatron Metrlc Table (FDMT) 602 The FDMT 602 is used |
in a Floor Selectron Algorithm (900 |n Frgure 9) for detectmg the floor on which the mobrle.
;.25"_- .devrce (102 |n Flgure 1) is Iocated when the mobrle application descrrbed prevrously is
executed to Iocate the position of the mobrte devrce (102 in Figure 1). The FDMT 602 ‘
- contarns all the MAC addresses present in all radio maps constructed for each floor of the_, L
subject multi-storey building. Correspondrng to each MAC address is a Floor Discrimination »
Lo .Metnc value (FDM) The FDM'is: calculated as follows. I o
30 o o |
(varwnce of RSS for aspeczflc MAC . ACroSs all floors)
Zg(uarumce of RSS for the speci ft_c ‘MAC; in Floo_r _k)

'FDM

12



WSS o is the mman of (e .RSSDgJe o ARER A &wgﬂfmfl 1500 .c% i

15MR. 5. $" K, qk j—l ‘MRSS, i's the r_rea a speC|
al'l- floors 20| MRSS = 2X1IWRSSit k -n. Variance of the RSS for the
speci fic MAC |n floor:k is thus represented as 2 1 (nRSSii - MRSSKi ) gk

- 25J=1 and:the vari ancé of t‘he RSS for the speC|f|c MAG;. -acr oss al | floors
.F DM is repres nted the formul a above. 13 - Date of recei pt: 28:
Novenber 2011 - %_}(m&ﬁf;s@msooosg? i'tuzuli / UUU397 * The nunerator
of FDI\/lp;q_. >;ross all floors rndlcates how - "=
. different is theg n W“ﬂm& I\/AC at different floors. .The
~.'greater the dlffere‘hce"" he bétter.is MAC, 's floor discrim natlon -abi Ilty
The denom nator of FDM is for nornal | zatlon purposes S

where k is |nd|cat|ve of a specnf c roor in the bunldmg,

- _' nis the number of floors in the multt-storey bUIldlng, and
Z(vari_ani:e of RSS for the épecific MAC; anloor k)

k |s the sum of mdnvrdual vanances of the specnt” c MAC in each floor in the multi- storey

- _building.’ ‘ - _
10 .qk is the number of Callbratlon Pomts ln Floor k o

" ‘MRSS,; is the mean oif\'the RSS of1 a specific MAC; in ﬂo'or':k'
e
| MRSy == ZmRSS
15 L=
" MRSS; is the mean of th RSS of a specific MAC; across all floors
20 e
- . . o | 1
MRSS; == MRSS,”
o ‘n = .
Vari'anoe of the RSS for the specific MACi in floor k is thus‘re;'_iresente'd as
- Z (m.RSS - MRSS;M)
25

and the variance of the RSS for the specmc MAC across aIl ﬂoors FDM,, is represented by

' the formula above

13
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S5Hence, based on the formla; Iy s*% '
basi caf | y anindi cation of how wel r@%,%a;@ %:"gtre(r) lﬁﬁéqsple@? ?%S»ﬁﬁgm@gm "

is:able to tell the floor:onm.which the nobile device (102 in Figure 1). :
| ocat ed when-the mobi | e application -described previously is executed to S
I'ocate the position of the nobile device (102 in Figure 1). In-the Present : -

i nst anceghe Anméra@hermmﬂ eFDMafeb WERSE" far mnecacfrbgs APeocrdiaRaes hbh%.ftt%rtter |
‘indicataor it_10is 7 shows in a mai-n flowchart 700 -a main’

appl i cat'? §1¢ Rom ﬁt%@(ee ﬁ%@e&%ﬁ%eﬁgk@’e?ﬁ t}eqrs (Thsegrrater-thg difterancey tt\e| Q?ét&t & the:
posi ti onviat;d fer HB&tlrtnﬁaﬁi'ﬁNa&I%(Tlt@%ethﬁt%tr& FbM; iskfeborfia®fatiéR urpd8esIM: (e.g.
- 802 in Figure 5) is:received by the database server (106 in Figure 1) from.
the nmobile device (102 in.Figure 1). requesting for information on its '

| ocasi OrHaHcB, Baded ¢ acm&helat tHé”Fﬂ)Mn\ValueA\?orSJ SPedRAMAE EHGELs eetta%%ahpen
subroutine is run on the database server (106 in Figure en the

Fl oor sdPiedtionef E%P"@Utﬂ?%‘ée"i'cse ¢f ifie snecifig GAdimRe istle todettttedtoos@m wéichon -
- Algori t hpe nresie &&videe( mzmnapehheﬁftré Bcatdd SHRR th@embgnléj%bbltéﬁtléh fdleg&rbed /

- sel ection decisjon is perforned

are net Pravieyshais xegded tQ lcats therpagitien of dhe Wﬂﬁ’l'%l dsucaé*r%eoﬁgwre t)hl@ the
accur aC)préé#ihltllrfs%lﬁBé‘lttﬁe AighbBe IR balas 8f BQpe s MA@@doFéé%OEheSJét@Pﬁmufaator it
_Algorlthntof step 706 needs to’ be . Tun agalin based on another OM-(e .g. .

pguﬁ% 5). requested -t -25 fromthe nobile ‘devi ce (102 in Figure 1) Data
of a fl oor selection decision could be just the decided fl oornunber. '
Details of the Floor selection subroutine would be described |ater with

f _the accuracyjequirénents heck & -«

ref er endd94re "rhgue ésdeail 3 maie flawchapafo aha pain pplicalionirynningen @es;at@@@él ved -
at stepsza;ér(meuﬁe@urémttb%est@me psat.as:bnﬁa nﬁméeut.b@eozaﬁrrg@r@ ive a floor -

. sel ection-.decision of the floor on which the nobile device™( in Figure

.. 1) is located. In the case that the accuracy requirenents of the check on

whetber At RespFt0208n &8 erg 500 if\FgaFe 8)linetbivell B tHOBatBERESehr PRIGIHFIGROY tter I (e

time are not - met-: the oor_ selection subroutine may request for nore _

. g. 502 7oM Higgmobilesfevier 410% M Fiuiend) Frowestingnfasfinforiaationnen ds desatier viare2 in
FI gur e RiebdhmbhiefRAFIHKY t © pI’OVI de nore accurate preediction of the 35f|oor
on which the nobile dévice (102 in Figure 1) is located: Hence, steps 702
and 704 may be repeat ed several _ tines dependi ng.on the nunmber of requests
- from t hetikeporos el BBbi SledtivhrRudutiRe s rUrPb® s détﬁS@éeoserve?ﬁUb@Yr?%Fe gﬁll

(28 &1 %Y%‘%{) PCT/ SG30311/:000397 uzul t/ uUU397 At - st ep he RMTof t
~flodP k hgedeqrselection seRsoytineds iy, ﬁeﬁ’eFF&ﬁt"ah%%ﬁfaﬂ)ﬁ'@@r %ﬁ'ectt'ﬁé Algarithase

server. ﬁé@@s td‘bd:iuﬂlarnﬁthb} tlm-Ehﬂ sF@WO%Q@ JePi66 bifReH seibébn RERIANS Rgeltf&nt:édg yre 3

of fl oor -1, {’)H ssi bl e, used a. Region -O‘ I nt er est sel ection .
subr out |r??ea?%"‘?fé(tr89 &feents of- H}%F'?ﬁ%c?rﬂ@etl fingk fNegpcselention ﬁ’eW/ﬁ'PBhNQ% bRbhi | e

devi-ce Géﬂ?ed ¥t W&@)redq@relﬁ%iﬂs bf thé ke diCarB ot RfeaLRE FIth?el%h&@é’orltﬁ}n
Figure 5 recéﬁ)pved at step 702 is also used-in the RO .selection

subr out Ph&EPH79eds d¢ beEn REpinkased onoAnadhasr QM (eree 5380 frigyee ébéﬂﬂ“?ﬁtéd

| at 25 Wbk uhefredtﬂe@ewt:@(ﬁghrre@r&h Eguta %2%$Qﬁ9e?ﬁdﬁgde‘éﬁloﬁé&h@rbéj(9%hgt lon:
In I"C e .nobi evi ce

. at.step 718 ﬂ% of the select
~F| gure g5oiAed floannumbeg tt'ecpottﬂéedﬂper t%%toaéebr%m%wep'd#fzdesa&e@slgtepmthts in
- tthe OM (-ae@ncéﬂﬁﬁglm—eglsgg@ﬁd% most suitable for locating_ the position of .

-t hesnobi | e device (102 |n Figure 1) are, seI ected At this step t he .

 _selectecFRO . is ; : S
' Each OM (e. g. 502 in Flgure 5) received at step 702 is used in the Floor selectlon subroutlne- e

3_0_ to derive a floor selection decision of the floor on which the moblle devnce (102 in: Flgure 1)is
' located In the case that the accuracy requrrements of the check on whether the Floor
.' ‘selectron AIgorlthm at step 706 needs to be run another tlme are not met, the Floor selectlon _ o
“subroutrne may. request for more OM (e.g. 502 in Flgure 5) obtalned at the posmon of the
~ mobile” devnce (102 in Flgure 1) for processing to provrde more accurate predlctlon of the E
35 floor on Wthh the:mobile device (102.in Figure 1) is Iocated Hence steps 702 and 704 may A :
| be repeated. several times dependmg on the number of requests from the Floor selectlon '

: subroutme :

14



- 15al'so refined, if possible, tg an g{eelpy A SR %,“?2{ %bﬁi‘@ﬁ@dﬁ?ﬁg&o@w

devi.ce .{(102 in Figure 1) is nost

. ‘points that are nost. suitable for |ocating the. p05|t|on of the mobile . .
-device (102-in.Figure 1) are sel-ected and-the RO i s refined; if possi ble,
~at step 712, a position .20 estinmate subroutine is run at step 714 to.

conduct Kernel Denstty Estimation (KDE) for derivi ng a-position estimte,

--measurenent s undert a

(X" Y). Adtep 768 TRDIRNF of! e ﬁo%r% b i &gé Fodls ggﬂagqumr el Lg%? %&Ié LY yal ue,

r', that is a‘variance va ue | |ve 0

est i mat efatRhageisgrer (108dn fistre ﬂbﬁ’geﬁMk@Deﬁesuhhammimrefe«mdedoWﬁgtﬁéscdflﬂb@d
later. Wil k€ I t R 1 erellablllt value
r', is conparge(%ggggt?ﬁé& t& Q‘ﬁe e%e?hlﬁﬁ%gé %Rr%e@ﬁS\e&‘G%F‘ﬂ@ Utifgoto gaternjing @ -

gr eater RaeWwed f inthe RMsﬂODHOrwmﬂﬂermmmlle (deVice ()02 i Figlre 1adhcet FeK ©e

(102 in i M S ul d be recqrded: and used .
o e 084 e O GO PP SRS BT N RS RIS osep

718. | f subrquinedietpils: of the RQIssedactioh aubrBhtthe Winald ibei desanbid lags itk raRid ke S
request tgefguaesnﬁ\/\%m 4€e :g. 802.in Figure 5) t-0 be retrieved . from 30 the

-mobi l e device (102 in Figure 1) and steps 702 to 716 woul‘d be.run again
‘usi ng data of the new OM (.e.g. 502 in. Fi gure 5).. Th2 descri bes 't he: maxi mum

accept-a te of nobi. | evi ce (102
gDt g ol 1 Euffed B RS Feiast
di stanc@eWé@hﬁé’nnf@f@é)lsmmhlmty looatad & retordbe. radi o map of the floor k-
selected at step 706 and the prediction accuracy ‘desired 'for - ‘esti mat i’ ng
the position of.the 35nmobile device. The |esser.the Th2 val ue, the nore

accur at é\tistepget accesst points in élmQaQM (e.@.850inefihere D0hdst(SABatld fé’rolb&tm the

CTY SORA0RBA e BREI BSHUET) o B IS8, SRR 0 -

‘and 1706 alsq refingds & passittaetorInoevenseimewsi BOIsuticrotHesi meb.BQﬁevice (183pongiralg for
deci di ng r%stft’tkéli/'i@t)e foc9RY ise! ection after checking 'a predeterm ned nunber.
of ~floor ;selection decrsions - .derived based on different OV (e g.
.502.in Fi gure 5) acquired for a- partlcul ar p05|t|on of the ‘mobi | e devi ce

(107 | otk 5368 £ACH0 ARSI RN Bl 0 IR0
predet e(Wd@oF'Mﬁbﬁrarefsefelcwrars:etheclRObrs fioed| nbpessnble atrute;samzda tp)bsih@ﬁlgt hw '
Gor 1o eaeREas sObRaNg P Fin o i 18 o el ik REmEF B Full Enratin 14F ”)ﬁt%a. e
device @aring & ppsitien esttrwateThe sdaoh thef mbhe @ice( €020n Figlite npaﬁa gurléeab,my 5)
r eqUGSt@é‘ué@Ytl’Q‘t fsfdav |ah5%%lﬂﬁ%d?daﬂt$8{ tlaglr‘é%l é? ylﬁgtt\eo égﬁﬁﬁ’gﬁ% mfj \H’?é?ﬂ'slq is '

e m)bl eV|

-~ obtaini h§ mn@omtm%e sgbrogmze wnulmbguieecrﬁ»)ed Iﬁer witmesferanes todigursush f act or

- -may be environnental conditions affecting-the WFi. ‘reception -of. the rmblle
~‘devjce (102 in Figure 1) or the WFi service provision.f the.access "- 15

- poitts dlester 7By @eatehawéy pakiet r'ols coimpane agmmttea feodiememind 2hicshditl IR, 1).

- is on at_ that position,

Hence, fwwing ig !a?ea?erot‘héasﬁhe(thé gt}?ﬁanE&Hﬁét O)Séa?élg/qa%ﬁq%éf@nal dﬁboor

sel ecti on deci.si-on base one i one . -
posi-t i-di9¢E this fAgBrded awAceerateread uhwﬁulgubee r&Qordem ahelqsetthsittwhpbgt.dsmr e

accur at éstiRiatdbrahé RIdLAE d«Ta\Iﬂ {1|09c?h FFgF;_!Fet rﬁgg é ﬁﬁqg\élﬂ?%ﬁé ésg% tgelm gesl)4

1t Qs dppmERn a@té@atqmwowlﬁeembmr aofevww&/b(dgi 5@@ id F(yurmaye tstaemuteagmeh the .-

. -ext3gnt tﬁé R represent at- 04 n .
 Figure 8 ill ustarégtf%gﬁtﬂh@qﬂ nceg%na%k%pﬁ%%etgﬁglﬁg% L&?hﬁd%‘ gn Uang

this cd8enewrMge-aph02in RigurestiniTaideacrd®s tisd onasindurs laoteptatiie Wﬁeﬁ‘df qt% by

' Si de hQﬁé 564 &sfimate of the mobile device (102 in Figure 1). It could be in the range of 10 to:
50 dependlng on the distance between the calibration pomts of the radlo map of the floor k

selected at step 706 and the predlctlon accuracy desured for est:matlng the position of the _
.- 35 mobile devuce The lesser the Th2 value the more accurate it gets |
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" 25andin series. Each slot reDggt%?P}e?eufl {8\ bl%?hg‘ftds‘]'i‘ 2(?1?8%&/9820}&%603%5

‘derived’ based on an OM request romthe m) evi.ce 090113060397:-

The 4 slots are sorted fromthe newest decision to the ol dest decision. The . :

| eft nost slot 806 in the represent atr on: 804 represents ~ the newest . floor
selection decision and the right nost slot-808 is the ol dest f | oor : :
sel ect i drigur e(ﬁeshosusmﬂomhertloatmﬁlodrl setectrerebmbum BGi)ed‘ds&hM With FERGEREL Nt O

the leftg t floor ction decisi on woul d- be
euen toRyR o8 FRL ¢ T oo deERtn LeRRUBRGBH [ 2horite T dhris ¢
- .deci si ofPr %flqalé@edseleptlohraftehehemrmgesmdeterrmnec&@émbér omﬂdoe’ééleéttbnrdé&monst he .
nevvest f Qr-. 3 I'ts cision,, follo -
- "fl oor de??%d? dftde]x Pﬁttémg;/(?go%dﬁn F{%eggachﬂreg q%g{lql.r,arppp@grr\ Oﬁther n _.
t he Bi ghﬂobrbstevwbdtO%MrgGﬁmeEﬁmﬂmrsebewdn OeTiSiOD ISl HedorBER thedishap th
+the pre e t he deci si o W nd 802 in -the database
- ‘server: qqécj)%%rb% rfgg‘h‘?éliq?f” E@i l?)g'ls 'P%%g\% y °"2 fmipgd pupber efiflogry) . -
- PCT/ s&ee@/ctt@oeecrswnmmdzjaneﬂ/me@ﬁw&aseegoﬁwdomzﬂ oor Selection
. Algorithm described with reference'to step 706 in Fi gure 7 isrun to -

‘deri've. a fl'oor selection decision. Data of OVs (e. g. ‘502 in Figure 5)
-obt ai nedragh flobresqlastion decision ist detenmird e dd;eved:ﬁae(eHQﬂt amON @Y. 802 in BgGre 5) -

E subsgqu e. ser ure 1) are used in |
ot hqul og‘?ﬁ@é} gc o{h%ir'gor |‘{Lt¥ 6&@%@?’?9 ﬁeﬁf %?f? %gteeg S&M9 Windiigwe -
‘Détails %freqmma owy Gfee domonAl gmthetrhmeart@ faeser bb&iﬂrnb ahe" mkdiRerh&htr ence ) |

to Figug t Qor 1Sl derived fromthe. Fl oor
 Selecti 6h fraer By of¥bfe dév'%ettﬁﬁ S FiguB8 1 [ REe Ry obininasbe M (g a0
~ deci si oﬁlgrmsti F'@elnstamcptdrmtﬂd:haactsrtraay 88 2niirorindmaINehditidts Stteling hatwim the i

raphi c dat atign, the derived fl oor.
ganht oo SPRETARNHRE (A el o Bl e eioyioit o e pescee
flpbi sébletstdeztﬁctdldelasrtttmposﬁttontdsfethea’imnléldeetcdc’u@zQrfFr'gbr% o dreﬁ%e fHaQR the - h'
sel ecti ueued out, "I n the
case degcﬂ)r) ?gglgétto(?]ns“,ﬁ outt' §89bq8rﬁ“f '08 ?Q?‘Ftlﬁ?drddes?@foé‘ 3s6f oAeBeE than woul d

_ . “hot “be Qmﬁoqj’eﬂredﬁttlergdemsmmrford:eiee:rorsitrnn rm@trtehmot;)]rléﬁeévrcfd @Olzlrﬁﬁigﬁfé't I Péarded). ﬁ' on. . .
» 15 'Ste r .the 0 selection Algorithm .
needs F O@%c;&;upgﬁggt%r&g%%%og ggﬁ Q"aft t}eor,noELq geé@qedﬂogiébﬁli‘r&n&b‘a%’ed on

anot her aOka{rosgion502 i n Figure 5) requested fromthe nobile device (102 in . :
Figye 1).. 2 Mre specrflcally the check i's performed to see if all floor
‘sel ection decisions in the decision wi-ndow 802, in thi's caee; 4 of t hem

 are equba the Fipopselectioncubisutink 800N, it It i apbesciaied gat thedhuniter SAVECIADSS
onunber  of reference to a tecond

~ graphi c?represerﬁyggl ongn’UEﬁéh e‘}quﬁ ge%?"é;'ﬁfg WW(?BV\}%@? fenigvedurfe asarhis g |
- "4 deci repegseniation Be4 ihefigeiedhillustraesth8 @Bnes oftrrb@e'vtsucrrgwtnbe/v%@!zmé hoRrg - o
nunber: nt f. ecting. that :floor:., nunber as -,
the fi n'grtgﬁrcéédggﬁeeé"af’f‘gggf”g gﬁ?tﬂ"fﬁ“r %ﬁwén‘ﬁgﬂtétaéra&ge? fidetoyside harigantaled
-1 dor wand id SQEGS)l!ﬁaphtstoecEpmﬁdanﬁ afled. satectitregedision tHabistd¥rived® B8€:d dif ariON ONE -

of t he do i s, not indicating the sane

Pl cor' - rgfesia kOt e oHfEe HAMn M. R 4 S0l irer diled Lortieinamerhe.
nobi | e dewlqmetrvu the ojdbeRdeaisieh. giheeleft )ndsb slotl 806 Wi tr@: repreerehth i6PBO4 Sr@senton -
deci si e be repeat ed '
agai n. qggsé\gégtnﬁdt%ﬁtesei%g%g} ?%Cr'r%cr’t"?gggﬁ' % Bélhqtrﬂ?é Séngg)g i5dhg VﬁSStafsooéISF'eﬁt'O“ '
deci si giesisigne Tﬁétlafeqh@oor sehestich. decrsrselreqt.rerwd iido e feftn@oftOflotvede amepRat ' ¢
- steps coul d be set .
forggt he'é%lsct)gé&s% 8@%@%&%’%?’8&@ e 58 Ot‘toor}ﬁleepggﬁﬂqb’g‘t%ﬁ&’t géi%)thflﬁtealﬁ'Gstm e
.before ﬂ®b$e|ﬁ¢t@ned$c§|0ngeqeetmd inglnathe B@resmmgﬂi)d; &orlnﬂéit t—‘o’vlﬁ@ntttlﬂgtnet,vggt fl.oor = ™
cannot fQ@r dEdi§oh ébé Bf8lus “flobr 552 R crieec%lgrtr Etglk)twre%t by * oor 5 S

in the next slot ﬂoor :
,1 -thereafter and Iastly “floor 1” r_n the rrght most slq_t 808. :

.35, The Floor selectron subroutlne 800 begrns wrth the presence of data representlng the |
decusron wrndow 802 in the database server (106 in Frgure 1).
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requ| rerrents may be .i rrpl enent g% ﬁ%&“ﬁ%ﬂ%ﬁl‘a"%ﬁ"fr% gwff?g@?ﬁﬁé%(;ﬁﬁ o §7n'g e

- fl Cor number Date of receipt: FLI/562011/000397
- PCT/ SG2011/ 000397 rt. .1/ (32U11/ 000397 as .the fi nal predicted fl.oor may be

taken to-be fulfilled:if 3:out of -the 4 floor -decisions-are the sane. -

- Derivation of .each floor selection decision by the Floor. Sel ectron o :
CAl'gor i t-H¥hstepoRio; theFﬁlngSBIéb)lommgaﬁtrtmedmmed bﬁd refereneé koostep \m@ ih Frgur%rﬁtgce to

re 02 i ure rec t he

 anrabase 8 o8RRa B scklio deBiln, B33 drtaliz S5 50%in Peus o nedettiee 1)
10 At strepitionaf trermobnieumyae (@02 nmsga:édt)easjembueqdremWechar@rﬁw t[hEEMftatstH?h' n
' f t e .selecte romthe

oW (. g a5 1BTEFIHRER b Used 7 R ERGF seBelortaSrBino Seuic bRdactueriat.
| ar gést dswpvaﬂ)eterls ef the Elber sBrerchmdArgbhthm die dabttibed edtechiatrdiars fck RFighe
predictigon accuracy desired for deternining the floor. of the posi tion of
t he robi [ e device (102 inFigure 1). It could be in the range O,. for

de,, -2 to 15 10." Wth regard to the sel ection of the Iargest FDM
ostan ; ual.s to 5, .the FDM

['u
Yl ol B AT o DR B B 8 Mg B i 41"
equal s dataldf the [derived. ﬂ@rmte@twmdedslbre motdsbejafaa@umedﬁétvstéﬂ gt Pen hangesd. FDM
b | t o
\aglj?gsségcﬁbhs?zﬁ@be g%pgn P\P‘:t‘ 00 eln}%wt‘[@ s?fb%Sc‘iat?mrﬁ‘?rl'p‘g"t't@r’eweoG?W"Gidnfi?qfs '
* cal cul aseldctisastatis@m is lqeebed intd thedsft frokt sws806: ?%Mﬂ@st for. @eIEbmrr%é%srcl)n t y :
on . a:flo r obabi | _
t( EE’IL_ I:tS /tAt\eMphg% I cu "3? %%‘aﬁgl\régés?é%t ﬁ&% %C“%’bgﬁ?'%a "btf.‘efﬂgair“%t S'g t808 woylhc: s
a ‘MAC. abieiiqusged autt frethe mertdescmﬁedl\f&(]:rgdw&:mquueg ohhﬂodr%reﬂa%ﬁ%n E@/&rb?' ue.
: i recei ved 'signal
g Is?r fangt n@ﬁge vited ed%dr gun f%termw qgﬂtg %85{ oﬁEﬁ%‘é‘?t'%gtdeR}ﬁ'@naddr esses Wi th
t hel§ argest FDM val ue in the FDMI 602, i i "indi E:at teﬁ vvlhl ch l\/t[ACFDﬁ/Ind
h nb f addr esses ;Wi e .l arges _
Vel uor nSHRLB Bt Kbt M PR R e IPE REIRSER AR Breds Tonog i
" Subj ect amather tims tor dayive @i flodr nglectron decision té3Ed FoBA(riWAfeh ORBEs.g. 50%ih Fiigura 5)

-. functio 0 and & woul d be 35descr|bed i n nore
det ai | '%qLEQqu é&gﬁ%go@ge ev'ke 17:(5') F'Igt’ "noted that KDEFSA is just a..-

rhat hehr atical 'function expressr on and it can be expanded to .read as
' PCT/ SGZO%‘%ﬁg&%g?@?ﬁ%%&gﬁ%ﬂ%@&&g@@) seNOeVF gP ﬁoor Féctlcg gecrlsjl'onzsoln th demsuon '_ ..
window 802, in this case, 4 of them, are equal. In other words, whether all 4 are mdrcatlng
. . the same floor number of the subject multi- storey burldlng With reference to a second.
graphrc representatron 818 of the decision window 802 in Frgure 8, rf all 4 decisions in the.'_':" o
decision window 802 are indicating ‘the same ﬂoor number eg floor 2, requirement for | -
:"2.5_j'_select|ng that - floor number as the final predrcted ﬂoor rs fulfilled ‘and data of the fi nal
- predrcted floor would be outputted and stored at step 816.

In this case, if any one of the 4 decrsrons in the decision wrndow 802 is not lndrcatlng the -
. same floor number another oM (502 |n Figure 5) would be requested from the moblle -
30 device (102 in Flgure 1) for denvrng a new floor. selection decrsron When that happens
' steps 810 812 and 814-would be repeated again. Based on. the requnrement set for this _
case as long as all 4 decisions are not equal, the Floor selectron subroutine 800 will repeat: . o
steps 810, 812 and 814.again. A predetermlned number of trmes could be set for the Floor o
selectlon subroutlne 800 to repeat steps 810 812 and 81 4 before for instance, generatlng a.
_ 35_ message to indicate that the ﬂoor cannot be determlned It |s apprecrated that less stnngent o

requirements may be.implemented. For mstan_ce requrrement for selecting a floor number
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Estr mat i on (KDE) Fl oor Sel ecb tgghAL instﬂ”én(q':?‘f& gs 1%261?) ﬁ@ﬂééﬁh%@m@r

any ot her mat. hematrcal function expre sion cou e used, m.ipul
RSSi';. RWK). Step-906 js repeated for each floor of the nulti-storey
.-_burldr ng. to format step 908, a vector (O also called.amtrix), VEG,
- containing a list of all- probabr l'ities that ‘the particul ar MAC address _
-~ MAGH, | #sdbe Engldiedicted lear mayoks tatsen tdbe: fiifilied ift3 oatlof thest fisce viebisiohslargthe The
" Radi o l\/%gn{eRl\/l of the building 914 Containi ng the individual RM of each
floor is used accordingly at step 906.. VECI is associated to the. partrcul ar
MAG . Mat hematically, the VEG is represented as  fol lows. 10 VEO— Pr. (MACH

on fl oorpekatid V¥ 0 908_
are repeDaet1= I;el?jhfor eaggﬁoélt&t ngasg CIS*F 589%% PS&S&%@%—HE e@@@ ﬁ‘gﬁr}t '

- repedti N@U&%ée@obedmﬁfot}@& Wﬁlheef&fE@cem‘FrgmerQ of  the N nunber of

MAC. addr esses i-s forned. . At step 910,: data- of the probability of al I
the N nunber of MAC addresses hei ng observed for each floor in the VEG"

~ forned #tétepRdRedn Odbeth&O2 imBbigsteds)dsirdceivad i the dratabzrsregsﬁgdet fﬁ)eb? ngu;?efh 13 g m
UM VEC represente e fornul a .as -
vector, fs%gs@e&magg@togq@l:@@ s rep 1Y e b L

foIIovvs (MAC'r oanoor 1) onfloor
2) : )
.10 At step 904 an N number of MAC addresses with the largest FDM value in the FDMT 602.-
' descrrbed wrth reference to. Figure 6 are selected from the OM (eg 502 in Frgure 5)-‘"; -
recerved at step 902 What is consrdered as largest FDM value is predetermrned Nis a
valuéhselected based on the. predrctron accuracy desrred for determrnrng the. floor of the
posrtron 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, rf for, example the FDM value fora.
— frrst MAC1 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 MAC3 would be consrdered as havrng the largest FDM._'- :

' value

20 At step 906, probabllrty that. one of the N number of MAC addresses observed on one floor o

of the subject multr -storey building is calculated based on the formula as foIlows e
- PH{MAC; on a floor 0= KDE'-_'FS'“A(M'AC_,-, R'ss,-. RM;)

25 where Pr(MAC on a floor k) is the probabrlrty that the partrcular MAC address MACl IS‘
' observed on floor k, _ ' o '
MAG; is: a'MAC address in the N number of MAC addresses with' the largest FDM:
value in the FDMT 602, _ S co ST __
S RSS; is the correspondrng recerved srgnal strength of the MAC address MAC,, in the:
30 .. N number of MAC addresses with the largest FDM value in the FDMT 602 '
' o mdrcates which MAC; and correspondrng RSS in the N number of MAC addresses
wrth the’ largest FDM value'in the FDMT 602 and ' '
' RMk is the Radio Map of the floor k in the subject multl storey burldrng ) _
_ KDE _FSA(MAC,, RSS,, RM;) is a. functlon for Pr(MAC on a floor k) and. rt would be
35 descrlbed in more detail with referénce to Flgure 10. It-is noted that KDE_ FSA is. just a

: mathematlcal functron expression ‘and it can be expanded to read as “Kernel Densrty
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. EPr (MAGe 71 flodr |¢) where fl Loy 26—
" November 2011 (28.11.2011) PCT%’ Efiﬂ?%emw 9@%%81‘1?@‘385@5«\3/ 915’000397 |

- "probabilTity that all  the respectl ve MAC addresses are:observed on floor k -

- .of. the subject - mul ti-storey ‘building. At step 912;- the floor nunber wi-th _
the |ar est sum robability, in the SUM:VEC. is sel ected. The .floor hunber

~ sel ect edFHiBtALANt Jbe lﬂmrpﬁeleetpraé\lgonmm I(BSA)'s ¢t icapprecidiedi fhet)rang)fothae '
. Fl:oor Sahg®binahe t is selected or
_predi ct ed fIoorCalfl{lNSg%l?*é?ggszae?%?lﬁn&églf@géﬁf% g%ﬁre’:‘{sds)r §§ 'ﬁh el For the . .
Fl oor sel ection routine as described, the Wrking pr| nciple is to.use the

~ probabi I3y 996 s ﬂépe%a%r"é fidor g?fh?%ul tofdy b Mﬁcﬁ‘g {;'r%qsgt? fggéga(raé%q?%? 23

p0| nts on each floor as indicators OOI’ se

that 3t hdof Pbercattrct A matgh)eétECpr@mammg fylisbbf ebpeaibabiliiesthat eleesdrtiigart MACMAC

- with the I_ar'g

‘whi ch the nobi | e device ure 1 ca

. of . the I(BMjefithe bHiding B r:pntawngstheh@mm R\ rof teaoh mbmmsmseoraec@:ﬁ,rrgtyeattm
_"floors cul.ati.on SA('MACh RSS; ,
- %%ﬁﬁu\@%g% g&éiw G ?a?erwggar:tc’gl 8’“&"8% B’Gt 1% fepiRsRated. 1000
._| n F| guré falpwsat step 1002, MAC, RSS; and RMWk. for the Floor Selection :
Al .gopi thm 900 'in Figure-9 are 20ach| fed. As described with reference to’
Figure 9,. MAC, i$ a MAC address in the selected N nunber of MAC addresses
R (M4%4 araf leeritdy - t he FDMT 602 described with - reference to
Pn(ﬂ;lth@vcﬂrobesp ndi ng received ...signal, strength of .the MAC
address, MACh} and RWk i s the Radi o. Map of a roor k-in the subject :
‘mul ti-storey (Il‘-d-tqgmﬂ%rky step 1004, Calibration Points (CP)- contai ni ng
MAC; i n 't he R\~ ar e sel'ected.” The nunber of CPs selected in'this manner is
. indicated as NKDE."NKDE is-the nunber of CPs.in the R\ t hat .contains the .
‘speci fi StddaQ0s aNYDB8Ia%e Repealddabl &achiihedenands he
" ‘distance between CPs and ptéhe enV| ronrrehnt MereN?EQb%ggmeéi?eg%ggﬁ 102 in
Figure 1) is |ocated.

5 15 After repeatlng steps 906 and 908, the VEC of each of the: N number of MAC addresses |s
formed . i

addr essegjdafsst Mﬁoa@&%%n}eg'd?ttéacﬂ@pow}% %.ub?&!t uIt?stggesythuldmﬁ e‘?’l']et I?%g %?’;I 82

Figure 6,

At step 910 data of the probabmty of all the N number of MAC addresses belng observed for
N each floor in‘the VEC; formed are summed together and stored |n a matrix represented by a .
. 20_ .sum vector SUM VEC Mathematlcally SUM VEC is - represented by the formula as fo!!ows -

Z Pr (M’AC on floor 1) '
. SUM_VEC = zVECi' = ZPr (M'AC anfloor 2)|
- . . i- ) i L "
Z Pr (MAC, on floor k)| -
- ) h . . ) . ‘: ‘.-_-

_ where |
25

- 'ZPr(MACi on floor k). |
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-_‘30At step 1006 posi tion: probﬁgtlef)hteyeugf e@?@mb%?&(ﬁ?tz%qlgﬁ féf/gt?z 1/%&1/00 —'_

cal.culated. The position proba 1ty re ers to the proba 0397
p05|t|on of the sel ect ed TP cont ai ni.ng- MAC,~in _the , R\ bel_ng_the positi-on |
. of the nobile device (102-in Figure 1) and. it is" derived- basec_l on the. - .-
probability - of a cértain observed .RSS val ue in the M (e .g.. 502 in -

Fi gure 5 tirepuy prebebiitycibat albtlnetrlaspjdcbo?MM:?ﬂddrggm aJRelggsére]éb gsl?ﬂ\t/)\gullt ge%hg:\/row

In this j s made that e - val u

a Nor maI&Jl%]ocer%t r&%@sﬁ%ﬁ@@@abl ity .Distribution Functidn, the . . _
probability that a certain observed RSS value is taken fromthe speC|f|c

1 ocat ! omied BF2 B eyl A S krd e LSS B ST Ve R liea
4 rece:SPauEh@l floapasder Peledpd)wwldamenRQSloutputtRSSsLthé TloBr selecttdﬁﬁ:’e%rsl’ﬂﬂls& l:ne,t._f. Id 5. -
o rrearF'&ﬁc%’%a%” PARIRh R8P eRle B REk BRI B P dERetod care

based on the rmut adescr i bed ear

4, .. nuniBSis Hesein hiven drer @ppensitinng_deécei ved Signal strength.of the MAC
that is contained in the sel'ected CPJ, dependi ng on whet her- j is-affixed as
* subscript.or superscript. to the expression CP or ~NRSS; | indicates:

whi ch .orfer dfe Flper seiection rawingiek desmrtbednihegvdbl&g?g poncublb&s tbQIs:eQﬁ@Q%bBiﬁtde? MRSS ,"‘
t s,.af fI'xed as subscri or .superscript

% 102" SFRerBERE LR AE Bleckod 81 LGS AP B B o itairs o riss

in the Rr shigetidns Ibés appratiatbd\al tmctlgof_ yamdh@hastdpdabatmmypcffe&%ewrﬁg? S

par anet, ‘ad(at?erctu:lg'5 ﬂl‘?l Méghéd%rgs%iﬁ of %ei_agcle g porr?ts on(thataf%or is most ﬁ( l)l/ the floor orzti .

02 mhere al usst an
which the mobile device (102 in Figure 1) is located. If the largest value of the largest sum

probabrllty is the same for two ﬂoors one of the two floors would be. randomly selected.

15 | L . |

o ,Calculatlon of KDE FSA(MAC,, RSS,, RMk) is descrrbed as follows wnth reference to a o
subroutlne ﬂowchart 1000 in Flgure 10. )

_ _ g At step 1002 MAC,, RSS and RM; for the Floor Selectlon Algonthm 900 in Frgure 9 are' -
| o 20'_ acqurred As described wrth reference to- Flgure 9, MAC is a MAC address in the selected N
o .- 'number of MAC addresses wrth the largest FDM value in: the FDMT 602. descnbed with
_reference to Flgure 6 RSS; is the correspondlng recelved S|gnal strength of the MAC N
_ address MAC,, and. RMk is the Radio Map of a floor kin the subject multl storey burldlng

| 25 At step 1004 Calrbratlon Ponnts (CP) contalnrng MAC in the RMk are selected The number
of CPs selected in this manner is indicated as Nioe. Nkoe i is the number of CPs |n the RM;
that contains the specific MAC NKDE isa vanable that depends on, for mstance the dlstance g

between CPs and the envrronment where the moblle device (102 in thure 1)is located

..30' At step 1006, posmon probabllrty of each selected CP Pr(CP,) is calculated. The posrtlon '
' probabllrty refers to the probabrllty of the position of the selected CP contarnlng MAC in the . '
RM; being the posrtlon of the mobrle device (102 in Frgure 1) and it is denved based on the_i‘-j' :
probability of a certaln observed RSS value in the OM (e. g 502 in Figure 5) being measured
B '_ from the Iocatton of the selected CP in the RM: In thrs case, an assumptron is made that the o
35 RSS values would follow -a Normal (or Gaussran) Probabrlrty Drstnbutron Functron the .{’-
. probabrlrty that a certain-observed RSS value is taken from the specrf ic Iocatron of. the CPis
._calculated by the formula as follows ' S '



bantwi dth ‘val ue predet er mi ned ARG 20 ?dpt fﬁwo%@:%{t'h ’Tﬁﬁglgpﬂégﬁﬁsggﬁ?éoﬁﬁwd)}w -

tion-points inthe RW. a cou
t:ﬁlel ?(r)(rinul)a 1I‘Dor Pr(CP;) is based on a Normal (O .. Gaussi an) Probabi Irtly
Di stricbution 20Function {PDF) ;. I s.appreciated that ot.her PDFs may a'so N
be used,.-such as a Lapl ace PDF Unrform PDF or any other suitable. . 't o
usér-defined PDF. . Step 1006 i.s repeated for all ‘the NKHE nunber . of, S 0. o

" each O the CPs. 25-At step 1008,
Cajeutate the posit! pr abr ldlﬂ'%-'i : of - each of the NKDE number of CPs

all the g ilc&g ated |'2‘

be represented
are summe TP fim KDE_grb/-\(rer\t,,, RSS;, RW), can. P
mrat hematically as f IIows - 30 NKDE KDE_FSAWAC , RSSoRM c). E Pr. (CJ. )

| tion . o
It has been observed that 't he -sum pr obabi T ty of aI | .t he_posr o
probabi lity of each of the NKDE nunber of ‘CPs i.e.  KDE FSA( MACh RSS;, ‘R\WK)

"2011
woul d bevhenelnRES/y és thé nidae RHC@N\G;tBISIG sr%aggt{?@ goéagcg%&;é nc?r%rsal\c%thﬁcl%e o MAC

|(ﬁ8t r}lé gb%% g:'%\lsﬁﬂﬂﬂg? ?’3347@@' ligHyitts eferends torstema0s efrl@etse 4FDM value'is"

observed on fRSﬁ)ris lhercoeres;IR-_rr(dM@CRemefdl SlQﬁalQren&{h'o? tlﬁalﬁlUi‘AE‘r 98?% éont %lrht ke.s. o
into acgo &Ilctjhe cali'bration-points in floor k t at cont ai ns -h
specific ‘%\j/ﬁ%e nCe at step:1010, Pr(IVAC on fl oor k) i's provided Wt

‘the val ue of drepalda@(:m/mérheaas:caiﬁ.x@tﬂé)g)sﬁmrlaﬁaﬁédp%?écbpt to tllé %ibr’éﬁg,c\gf\%p&gsent_ ed
n. flogr _ -
? fofmg lhi’;t Sio’dngDE‘ﬁsf *PN@t °'b°gPl tlt?r C'E’H"é tlre&'vlyrpomamrm é/lr/t@tor(tﬁé]cgsrreaioedhgon S
mRSS of that CP, . ) _ | : |
| dependlng on whether / is affrxed as subscrrpt or superscnpt to the expressron RSS

or mRSS i mdrcates whrch one of the RSS or mRSS in the RMk that |s assocrated with MAC
“and ' ' -

‘ C and B are predetermrned parameters , . .
_ '__'15 ‘In thrs case, C = *J(ZTr) ie. approxrmately 2.507 and B = 02 where Ois the Gaussran Kernel_- S

: bandwrdth value predetermrned based onthe envrronment and drstance between calrbratron': '
- pornts in the RMk (o} could be in the range of 2 to 20. -

. "While the formula for Pr(CP,) is based on a Normal (or Gaussran) Probabrlrty Dlstrrbutron o
20 Functron (PDF) |t is appreciated that other PDFs may also be used, such’ as a Laplace PDF, o
: Unrform PDF -or any other surtable user—defrned PDF ' e

. Step 1006 is repeated for all the NKDE number of CPs to calculate the posrtron probabrlrty for
- each of the CPs. ' ' ' ’ ' '

' | At step 1008, all the. calculated posrtron probabllrty of each of the NKDE number of CPs are -
summed up This sum, KDE FSA(MAC,, RSS,, RMk) can be represented mathematlcally as'
.. follows.. ' - e
_ ».‘tlr"ms .' _
e KDE._FSA_(MAC},RSS‘-,RM,‘-) =Z __Pr (CPJ.)
© 30 T o

It has been observed that the sum probabrlrty of all the position’ probabrlrty of. each of the ‘L
NKDE number of CPs i.e. KDE FSA(MAC RSS,. RMk) would be rndrcatrve of the probablllty -
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-'10 subroutr ne: descr| bed wr th Be{ e{lg ig me}%r g(ﬂg(z%fn%lg)ult;cer/%%% TP/&)OBH st—

part of the RGO selection subro O oss AGUTIZ0E397 - -

narrowed RO in . the Radio Map- of the roor predrcted 1112 in .step 816 - as-

descri bed wi-th reference-to Figure 8. - Af there is a previ ous ‘positi.on

" estimate tx', Are, derived fromstep 712 in Figure 7, it-=would. . ;15be Used

for detdhafthe P@rtisulan MASthEGleléated NenuRetdir of MAD adirebts nrredeé@estf#mr

5 O BT AT B B by~
nar r onedllathe -qalieration poetSFladﬁlcmrthtaofcotrﬂae\srthechpebrﬁd MA(DOHencé< A altepl 1870, WOU' d

be. sel e h A efersto 0 te that
~deermed '?iorg\ge ur?beﬁlf)ggke ’lso:}m 5}0"? dﬁ? h\éahp%s‘l’ (Mggl-l\/é§ e RiYBYi ¢ ce _
(1025i n Matgematically; this lszﬁmesentddtaarfdll,ovvshe outlier' ref ers to a posi tion
estimate having a sum position probabr lity that-is equal to or__l esser _than
a predeterm ned threshold, Thl, after it has gone through a reliability 7
check at step 714 of -Fi T(m)re specifically, at step 1510 of Figure 15
‘that 'is g}(mu:sagrﬁool-gj er) E;e( position probability is represented by
the fol 'owi ng mat henst icaw expr e sr on and ‘woul d be. el aborated |ater wth

-reference to Figure 1.5 ’25 Furthernore, -if there is a change I-nthe

| at est predicted floor (outputted from' step 912 (@ F| gure 9) on

"~ which Vv Fi ocat e .conpared to the

| 30p(r:ed| ct edértg:?oécr;rgwgt?a ﬂcﬁﬁchg&g‘\%rog{}osf pg ?% fé*%% Fﬁﬁ‘f’@gf' d?%l\?&?ﬁ?%?”the )

- | at &8t ‘SHrgutinee desaribed wwmrederbecem esdﬂpedﬂ&hdﬂ‘légtl;ﬁelé Thé mrstSpaanoar gl RORd -
t-hat- t he .o

o o oerRBlu Qe 0 AR by IFAOBIHAE's LIBl Aoblo Romadioimp bimer -

.2011 (2mﬂ@om@)dlmmse2mepmewwemeatmmferam%rfﬂwe&egl on O Interest

(RA) selection subroutine 1100 begl ns with step 1102. -At step .1102,- a ~

“previous position estimte, (x', 'prey,.if .present, of ‘the-nobi I'e devi ce o '
(102 i niftherarie aprevioust p%&@nmsemawed W)h&eerivad foorhtstsh 71Dm E§Ge 771t&v&fld

ol e ked B gl oAl AERAERIATYRebidetr ppregcioo wep
of the-ppwayest gdhéfre oo hreg@us pothrhM\lesmeéteJ(Yl%mThe lfﬁlﬁ‘@lbﬂ MBR, i9fmdrked as -
- predictggl ddtlle?r tHe F?@l WOLWHO{(bé ?‘rgrr&\%&@ and thd XL rF\%dro Map o? ﬁt(ieepsresatlzlrgt%d(j}ltoorE _‘hl S
st ep k_ sel 1112 wouId be. selected as the ROI _An: ‘outlier’ refers to a posrtron estimate that 'S'.' '
_ | deemed to be unrelrable for predicting the position: of the moblle device (102 in Flgure 1). In_ -
20 more detall the ‘outlier’ refers to a posrtron estlmate having a sum position probabrllty that is.
‘equal to or lesser than a predetermined threshold Th1 after'it has gone through a relrablltty~ _
- check at step 714 of Frgure 7'(more specrfrcally, at step 1510.of Frgure 15'that is discussed -
. later). ‘The sum posrtron probability is represented by the followrng mathematrcal expressron .
. a and would be elaborated later with reference to Flgure 15 ' :
L ZPr (CF)
-oiee -
-Furthermore rf there is a change in the latest predlcted ﬂoor (outputted from step 912 of .
_ '-__,Frgure 9) on whrch the moblle devrce (102 in Figure 1) is located when compared to the-
. 30":' predrcted floor of the prevnous posrtron estrmate the, Radro Map of the latest predrcted floor |
o | would be selected as the. ROI : ' o

" It is apprecrated that for an ROI to be selected |t means that the data of all the Calrbratron '
- Pornts in the ROI are selected
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. 10Concept tj'ar ly, a square with [ r ' i o
“at (x', 1/) orev is drawn On 't ‘ug P E&lﬁk/{agp%g&deﬁgagpg :Bgéle)dh?ﬁ%%%o g@@lﬂ 000397.-.-'

- RVsei 1112 at step.1106. This: g_qua_re essentially nmarks out a narrowed RO ..
" RO-WDTH .. ...is .a val ue sel ectéd based on environnental factors and the -

prediction. accuracy desired for the position of the nobile device (102 in -
Figure 1)." The length, RO -WDTH, expressed in terns of the. nufiber of : '

B e T L W 1

ot her' t B%ﬁe\ﬁ@j@p&rtﬁﬂtdsdmatéﬁ li}&)p,t,tsedreséht ot tp nddil8, deaick (& inlffigure dhthabi nt s .

(CPs) ‘irn the Rad | 00 RW -sel. 11112, and in:
~the squﬁﬁ%p'ﬁ’é’“é{é‘%@@t"BHtp“té?fheo'%éf h:t 2'%@%%3‘?8(1 at step 1108.is =
~outpyitted at step 1110 as the sel ect ed RO:. . Figure 12 shows a flowchart

1200 of .a“seco r e Reg on O lnterest el ectio utine
- descri b&YStEPt h1%g &\9 '8“'@&3‘“}( Hep: FTRMIPY ?teéﬁ'r't 'S%R?ﬁ%%c??? fi?\/rt,ﬂhea‘sst the %d"r s a
25conti méaRbera N4 BT tHeeprbdiowa ok k 198 0RM gt., Figarneelaadrawrai 6fpthd 20ekictet é
sel.ect ed fromthe first t he ction subroutine

 repr eseﬂ?@d‘—@?’ RMowee A4t 4 191768 'r"?’:{tmfzf’ﬁﬁ??"ﬁataﬁ'a Sf%’e OM (e g. ‘502 i n Figure
*5) received at step 702 in Firgure 7 are gat-hered for processing. 30 At step
1204, a uni on _ the coptext of the Probabi

- 'addﬂ@ss@@”F‘?PtH?dy Braliess Wi & PEReteRTIRR 1600 H%é‘eﬁ‘f éﬁlﬁ X%%tﬁdo ?’s(a Bl

. The" uni QravirfoR e Radid Maplo fe médiatet Bk 38L ReESHY 11 Aadt sepni 106. TiisiSeldra each-:r :

of the Calibration Points of the The dress found = 5
in two Eeserbply R KHr At 6n”§&%dsﬁ%uf%8hﬁg V@E‘t%eae hteg h2aseAon 35 AT
st ep %LZQﬁ\gr@irﬂredrt]étefaMB@ il ks prsliction tchur%yh esied ﬁﬁZhe rp5og|£|gn|ro§ 59 mdrwe) are
‘not found in the union ar emoyved fr

This st 8pvie_d&is. i"h#lgy’rer é)mﬁ@ '339% %’9' \&g}ﬁ" o?xpf%%sﬁdg te Rﬁ)&‘&n%g?% d)?
(28141 Z‘Qﬂrﬁr)atrmm%%r@a%ﬁy b, Q‘&Lﬁnslar{chUlzJS@ﬂwmlik{le&(ﬁoadmretssleeg oft iaccess
points in the OMthat. is n

h dic f th '
-~ posi‘ti oRPpreciatrd hata F'Q"‘?:Ié‘?ﬁ %’Eg'? %‘%‘X?rrrsq\‘gpﬁﬁgg'le%h%"esﬁ ér%l\?;&&fdaag?ﬂ t}:?esls%gef ound

in the CPs- of the selected RO are nore-trusted-as they are detected in the. -

~ creation of the Radj t he j.e escribed th
" ref er endé Step S I al[@%@n ‘eatsl@ugt’"&?eﬁﬁﬁad'g '%/aogqs%rp drln‘g iﬁ &sew
bui | di ngragan 1162 fenih Heashuble sreselectede provi der for quality and be updat ed -
'---perrodr calTy to ensure that the data is trustworthy On t:he ot her hand, :-
dat 8%f the OMis gat hered by the nobi | e device. (102 in Figure 1) that

bel 0ngs Data &f tha TFeBelsttsd, atlshd 11080s166euttdd dtfeepdtt i@ asSthesaiecled ROIL.
trustworthy. 10 At step.1208,. MAC addresses fromthe QV appearing in less. .
than XApe/ O.of the Cali bration Points in the sefected RO. are renoved. This
further Figuré erzshbhe a&b%ﬁ@“t P2obfsa slaroedtped dﬁynd Haegréwprmterrelsy(nomsgecmmat

woul d nost -1 kel 0 hel e ctro ﬂ of the-
Mobi | e &HQ’OHB”G( §° %hfgfeﬁncg%ﬂpg‘@ Elgb'ée t ﬂ”‘%‘gzteﬁjé Bh'% Re .
- pr edb Ct icBAtinualies fibmalie fAewdhaetd 1001 Figerepmsr t| on of the nmobi | e device, (102 .
in Fi gure 1) It couI d be |n t he 15range of , for |nstance "25- 75% o
At step 1202 the selected ROI from the frrst part of the ROl 'selection subroutrne-
represented by flowchart 1100 in Figure 11 and the OM (e g. 502 in Frgure 5) recerved at

step 702 in Frgure 7 are gathered for processrng

- 30 : S : _
- At step 1204 a union (rn the context of the Probabrhty Theory) of all MAC addresses inall '
' .; the Calibration Points: of the selected ROl is obtained. The unron is basmally a'list of all MAC
addresses that can be found in each of the Calibration Pornts of the selected ROI. The same
_MAC address found in two or more Cahbratron Pornts would not be duplrcated |n the ||st

~ At step 1206, all the MAC addresses in the OM (e.g. 502 'in' Figure 5) that_-are"nqt,found in
s the' union are removed from the OM (e.g. 502 in Figure 5). This ‘__s_:tep:.'essent_i'.allly removesall i

T23



At step 1210, dAps nunber of ag@gﬁn-e s TR APBR ) BB T

addr esses, having the'l ar gest Ues are se ect

step.filters out the number of access points detectedby the OMto onIy
.those with strong RSS that woul d be ‘of good help in the 20 prediction of .
the position-of the nobile device (102 in Figure 1) conpared to the access

. POi Nnt's Wd MACHREsSBSSf akdsd pBintd tnethéﬂwztnbineasta&enftotnw mdn@sremwﬁbebf of
access points and their corres ondi E% 1§¥ N@\%S storfed andl?ﬁ](e/?
denot ed theyPesitiearqf i ’@Ob'ﬁl:dq}’!%'l( Og psiope B Vg 83955 feunddp o
“predi ot ipNsc6@ed ROY afesbieatlska ad heym@u&ueet@dni tﬁemeaiminldfehejRMdiIGWIe(pﬂBE | n S

Fidgure 1). Its selection depends on the nunber_ of (fféjréb at f 'Qtds
'eﬂ §Radio

the sel & aubigabbuldieg thabisadesspbehvih CRigfATCa P 59YS

pr 0C§SSMHH> fdRvRL \‘s}uBﬁctt B@lld%péarn%@bﬁé@u@fedaﬁﬁ%s%rv@@lp?bﬁderl for tqluehtglﬁam bainber
is too g@eggn nmput ations are reqUIred ar‘hyﬁt e posjtion e '

t
tinme mayP na%atlt:éateasws thathibe AR IS iiRbuethe Prolte qter Ha0g ntéeO t On |
- 10. 30SAR%s é&ﬂa@reartﬁ/ tﬂa@%bﬂé%@.@é (R§2 i’ BihieryanAt beldraysabra fandbr@ trsefltne or

/U397

" narrow the selected RO .further for better prediction-of the pogition of

t he nobﬁP@’CGQf/tr@edaﬁﬁﬁihqsdeﬁwo Y. . only all CPs within the selected
‘RO, which contains the dAps number of access points in the AP LI ST are
‘sel ected at- step 1212. Data of the CPs sel ected ar é@ ér :
dend® ed Atsiep 1208aMARRddresses fram the OManpeaiing igdessyihan Xerstp L8 a'é@i‘i”
(28. 11. 204 unﬁg/sé%@&h’d?%é%%dvted Thib %@th&é@tﬁ%%céés §(§I|¢t§ d&t’é&fh@dﬂrtnéses

" of ‘access points-which are not-in the AP LI ST are renoy t he: data
of the €M te gnigithose tsat woyld mgst fikely he Oégﬁ@ttvhr'ips'f' g P@&“H@Péthﬁ Rféﬁ‘&t‘é’g by a

vari abl end Rdblie Bedice |'(|¢(§E3ﬁw FEB:é—'ﬁTX,%S%OlBt@IVEI%e@%‘Eedtéd bbﬁadS@rh aied. bedRGanI I h
. only MAC addresses ‘of access points with stron

ec
t he nob.aperaewesreeferzthpmosrhpg@éhq;noaﬂe@ﬁt@%&ﬂﬂrt gt!fs el ﬁPté'get@t eAt
_ ste@51E}§,get37efoAPnstah§r2gng% he CP_LIST_2 are outputted for further
-pr.ocessi ng Figure 13 illustrates data cont ai ned in an AP_LI: ST 1300
generated in the manner described with reference to Fi gure 12.-In Fi gure

13, the A‘i'%te?: {B100 @;tg %m&bedf diteds athtse mibo3d BpEciitaly tHeltIAC MAGreasel, daging
MAC2, MAC6 Cl3 a MACE; and-t corre_zrbondl gﬁFRecel ved

S ehot N6 RegEs! RRSReRaea selariad Famane g, TSP e S0 bnn o
“of the t;3hkeadi3Bi2d ®Ghe DN GhIY &tb@.@%ﬁ%fﬂingaass tﬁwﬁ@oadﬁmeessgmdamb inh@er

-correspondi.ng RSS val ues.'i n the A resse

¢coreBs p@FﬁH'ﬁ@”F@ShQé’PE@%" \%Ened"\?all? dﬂé‘ﬁ"ér‘g‘?zn@‘wéﬁ”re %5"%8?"3830 (yﬂﬁ 6Eﬁe[s§d as ‘

the - APobinaTwih welaRer R886Dak dfitBeNAG 2ddrBgeREiSthual uehumbert dfeackds ;&ﬂntsesses aa

“in the AP_LI ST ar'e denoted by a ‘vector V\:hIC can_be.r -
mat hena@g 1415 coreespng @Aggslvﬂéﬁiﬁé%ft%?g( ?&égefﬁs dese Gtét P éafﬁ??%o nﬁi{% at es .
dat a conf, 'Beéjv!alﬂets}é%cféﬂl bé?steatdrpfhePQIeﬂkﬁor@%c&r@h&éﬁr@dﬁo&ﬂ@pédﬁt&m ofsthe
-outputted- at step 1216 of Fi %ure 12. The data of: twg ﬁadg% CB Pratlon
pO, nts, mobile device (102 in Figure 1). Tts selection depends on the number o ra’uon oints in
25 the se|ected ROI and the acceptable computation. tlme allocated for processmg lnvolvmg the ~ " N
"dAps number of access ‘points. If the daps number is too hlgh many computatlons are;_', o
requrred and the: posrtron estimation time may become unacceptable The Gaps number may

be for mstance 2to 10.

.30 Steps 1212 a_nd 12’14 are for ROI refinement. The aim is to'refing or na_rrow't'heAselected ROl

further for better prediction of the position of the mobile device (102'in Figure 1). B
Only all CPs within the selected ROI, which contains the dass number of access points in the

o : AP_ LIST are selected at step 1212 Data of the CPs selected are stored and herein denoted *
35 by a variable CP-_| LIST 1.
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Pk sel, 3(Xk sel,3y. Yk sel, 3) i‘)dtr?: éﬂ%ﬁeq t&ﬁ(l@ogeq%be%%;l’liz 2§ﬁ}Pé’}/SG%1?/OOO 9

specifically illustrated in Fi

of - Figure 13,

prras size

7

/byusaz
“first table 1402 and CP(Y-- k° se1 5% -k sel, 5, Yk sel, 5) is represented by a”
.second, tabl e 1404. Wth reference to the random sanples-in the AP_LI.ST 1300

and MACSAtasiep A%, A edltreseesrebarcRes pointsdvtityar nddtin ¢reg ARSL IS %Swns\ﬂsﬂ 2,

b
ot ok n TR e BERSHNS R B SR80 M ARG PE Rt Ead 0y a0
‘mean Receriablg GP JAST_Zt Heneg ﬁa’m@mschaﬂsseksa@dtecﬁmrms doly MAC, ,

s, car r.esppndi o the
oapect ot oPasidss SBNOLAL kAR REIIAR S SRR RO Bed B
flooP k l@@lreoiamemsmp@m;e p_r@)ilcteﬁhe Date of .receipt: 28 Novenber 2011

(28.11.2011) ~PCT/ S&01A00397 1/ Ui U3 97. nRSS values in CPLY k sel, 3%-

sel, 3Yk_sel,3) and CP k_sel, 5(Xk .sel, 5,Yk sel, 5) are denoted by. vector

1406 and\teep 1S, H@s‘tﬂd.‘d$'(/em<§/the\/®f? dllS'EaZtarb@utmrrttee&ﬁfrituelmbercﬁdesﬂagl cal ly as"
foIIovvs rrRSSL|z tri RSS. L, 2 linl2SS3 k. 0 3 ni RSSL 13

10

20 | . o L
L fFrgure 14 |IIustrates data contalned |n the Callbratron Pomts of a CP: LlST 2 1400 that ls' ;
.-'-outputted at step 1216 of Figure- 12 The data of two example Callbratron Pornts

- .30

x=

MAC addresses MACz, MACs,, MAC13 and MAC& and the correspondrng Received Slgnal

_Strengths RSSp_, RSSG, RSS13 and RSSB ltis apprecnated that the contents of the table 1302
are showrng random samples of MAC addresses and their correspondmg RSS values in the

AP. _LIST. The MAC addresses and the correspondlng RSS values would vary depending on
what is outputted as the AP_LIST at step 1216 of Figure. 12, The RSS values of the MAC

Y3

' Frgure 13 rllustrates data contarned in an AP_ LIST 1300 generated in the manner descrrbed'-’
wrth reference to Frgure 12 In Frgure 13 the data i is represented by a table 1302 contammg .

addresses in the AP LlST are denoted by a vector X 1304 whrch can be representedi

mathematncally as follows;

i

'RSS,

RSS,
- |RSS4;.
LRSS,

CPy se,3(xk s‘,,3,yk sel,3) and CPk sf,.,a(xk sel5 Yk se,5) are specrfrcally rllustrated in Frgure 14.

CP, _sol,3(Xk_sel,3: yk sel3) is represented by a first table 1402 and CPk _sal5( Xk _ se,s,yk S,5.,5) |s :

represented by a second table 1404.

Wlth reference- to the random samples in ‘the AP LIST 1300 of Flgure 13 the first table 1402

" contains MAC addresses MACz, MACs MAC13 and MACa and the respectrve mean
: Recelved Stgnal Strengths mRSS K_sel2» mRSS K_sel,6» mRSS k_sel13. and mRSS kse,a The'
second table 1404 contarns MAC. addresses MAC,, MACs, MAC13 and MACa and the-

respectlve mean Recelved Slgnal Strengths mRSS® k_sel,2: mRSS® kse,e, mRSS® K sel i3 and L

_addresses onglnate from the Radro Map of the predlcted floor k_sel (111 2 in Frgure 11) The

25

-mRSS?® ksels- I is noted that these mRSS values correspondrng to the respectlve MAC '

t he’ f| rst table 1402. contai ns MAC addresses 1AC2, NACG ~MACL13 .

K-



"."nRSSGrnRS':'SS-rrefr k 6 = MR, _S. St 771 RSS epm & ;ép/g ey &9971‘ of.
“the tWwo Galibration Points and e} cger“%[e%p%)nﬁ"ber Z&mt]y@g | Z é- se}{ L5 U397
i ndi cative of the predi ct. ed floor (outputted from step 912 of Fi gure 9) of.

:~ the.subject building |n whi:ch {he nobile-device (102.. in Figure 1) is

| ocat ed, nunbers 3 and.5 denote the respective Calibration Point as
| i'sted |”H:5$§é’a S| §ﬂ_29/3i¥k0®3 Yesnd) BAE GRirvbeiswia Vi 6+s) atedengedihy vector Y; o
respect 1466 ¥ndlan 488 teRBSctivag, WIRSIScaRbe! AshréQntRSRAMEmate ghgsses MAC2,. -
I\/ACE MAC13 angEII\/AOB rg(?spec?l vely. Ff‘e;pure 15 shows aéfm{A ?ﬂart 1500 of a-
posi tion ‘estinmate subroutine descri bed with reference to step 714 of Fi gure

7, The posit st ifmat'e subr oyt as] cally conduct s Kerniel - Densi ty
15Est | met i op E%ﬁ)’ #flor - deri ving " d‘ser‘t on estimate, (71,), of- -t he” nobi I e - -
~device (102 mﬂ%‘ﬂgwe 1) and a ‘ty value, t, that is indicative of N

D

- the reliapr of tlhe posi ¥55 gmat p: The position estinate’subroutine
' begi ns V\ithh{%‘f)ﬂ 2, \R/nlch r Fﬁ%[(;\’fes‘-" ‘he AP_LIST (e.g. 1300 .in Fi gure 13)
gener at ed |nnﬂ56k@3 ner -descri Q:M,fthg eference to Figure.12; “the - o
20CP_LIST 2 (e.g. -1400 in Figure 14§ that i's outputted at step 1216 of
Fi gu?e 12, and the Radi o Map of the predicted floor k sel- (outputted at
_step 91 e exp@igsiond piveRidr ttie Mo@alfb"rél%%uﬁtgand 'ﬁ‘ie Sdrffdpdmfl

ch n.the CP LI SL2 1400 i n. 14) 1S’ I5CAl cul%gf ed. by -
pr obabi khﬁeilsalgdlpatp Oq%ghe predrcted flor (outputged tg rom step 912 of Flg):;ure 9) of the subject -

- the for

' burldlng in which the mobile devrce (102'in Flgure 1)is Iocated the numbers 3 and 5 denote';' .
the respectlve Calrbratlon Point as listed in the CP_LIST_2 1400, and the numbers 2,6, 13 _'f :
10 and 8 respectrvely denote that the mRSS values correspond to MAC addresses MACz, .
o MACG, MAC,; and MACg respectlvely . ' LT S

- _.Fig'ure 15 Shows .a rowchart 1 500- of'.a position estimate su'b'routine described with'referenCe
to step 714 of Figure 7. The posmon estimate subroutme basically conducts Kernel Densrty- :
15 Estrmatlon (KDE) for denvrng a position estlmate (%, 9), of the mobile devrce (102 in Flgure '

1) and a rellabrllty value #, that is |nd|cat|ve of the rehabrllty of the posrtron estlmate _

The posmon estrmate subroutine beglns with step 1502 WhICh retrleves the AP_ LIST (e g _

o 1300 in Flgure 13) generated in the manner descnbed with reference to Flgure 12, the |

' 20 CP LIST 2 (e g. 1400 in: Figure 14) that rs outputted at step 1216 of Figure 12, and the
| Radro Map of the predlcted floor k_ sel (outputted at step 912 of Frgure 9) RMk selh for

processing.

At step 1504 posrtron probablhty of each CP in. the CP LIST 2 (e gJ. 1400 |n F|gure 14) is o

25 . _calculated by the formula as foIIows '

(-%)(X—ls-)‘ |
B N

- Pr(CF;) ;’-.-Z.-eip

30, wheré CP; indicates hich CP in the CP_LIST_2 (e.g. 1400 in Figure 14),
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e 0 et T DAl e A

: tp'utullluuu 597 - Y; is a-‘vector .containi ng Cat of nmean Recei ved
. Signal Strengths "in a CPi of theCPLJSTZ(e 1400|n Figure 14) for
exarrpl e, Y3 1408 and Y5 1406 in Fi gure 14: . X.is-avector containing

'?hl I 2}3 E‘; S'(I:'OM f%SEPQBthF‘Gorﬁﬁiﬁﬁ!t Ve fstSHfanean Retavat Blg@@ gtrengthE irnddTR S alse i n
e

. 13
e pendORaLIT aBonbioh n itk P ahbon 6 R V9B LB Pt G

expressi on” CR igry vectdr doﬁtélln(“rrtgt @ﬁstaof(aarr'eﬁpdrt‘d&tg%deivsﬂt Sigria sgendeﬁ) all MAT gur e.
14) or the Y vector.of th t he .and B are

predet epAdreeses ipAhanBidpPs (%astéﬁ)odh Fiaue ltgpt?f X ? qg94 Iﬂeﬂgfﬁey SFuncti ons:

;erg t e m(a?l.j)B Sémﬁdgca-t whéthei iaaffkbd @s 80BsdApt G stipaiscfipt tb thve expréssion CP. or = 270 L
et (cov -

di agonal etf‘é’Iﬁ@Fﬁts 3 §P t‘HéhetﬁBsgltszInzK%Bnggg%gréwrat%ﬁgﬁ tr]agg?gpetgaoé{haﬁg%n

fStreng'z Ig:hpead)jﬁ |_|§¢t0_2 f@not es -t.he deterninant of. a:square matrix.: The fornula -
or Pr ). "is based on.a Normal (or Gaussian) ‘Probabili tribution ..
Funct i on ( POS ang (B jage é’ﬁﬂeé%'lr%{teé*dp?’ﬁﬁtet%t tP@Pe‘bﬁﬁséﬁH?'%ﬂ Eagt?g"@éé’&“%ch as .

a Lapl agg,Bhs. kvl GemdtREmatial RFVuIBE BEC aptid @rblae folpus: def i ned PDF. - 20The
cal cul ation at- step 1504-‘repeat s” until .position probability’of. all CPs'in

- thel@PLLIST_2 i s derived: 'At step 1506; I|LKnumber-of the CPs. Having the.
| argest .probahi ty ‘s m ected. This . selectionis to-pick out the CPs
~in the (CP=L218 22 Edea(c est r@mesent thedgosition of the 25. nobile::
devi ce’ (102 in Figure 1). LKDE is a predet erm ned nunber sel ect ed based on -
- the - distance between calibrati-on points and the prediction accuracy. -

des' red i«{ haFk d&tvers’”anhw dH@‘é‘:nélQﬁl'atrlxc’t?t/h6§at 'd%bﬁ‘aloéleltnﬁﬁt WkHd Saley Ia@EKe(rrleZ I n
gure ? could be in“the ran § 30At ‘ste

10.
| 1508 a bguwdsum thqeeed Sfaral $tr%rt9éh sed é’@t éanttar Ht@sﬂ[gt‘b’ag“etrtt‘ gha shvasa gratit y
.resug “of each of. the LKDE nunber of CPs at - st-ep 1506 is conpared-with a
t Hreshol d val ue, Thi, Thl. describes the m ni mum a

pr obabi |T|hte;formula f%Pp@:ﬁJ)t'F basassen adtosMak (of Fausian)|meo I%\E:)b 5?%*2"? ?“ﬁ?"@ﬂr e 1)
wi thin %Pé??@t' i 'aSprB‘éﬁtédrthg oth&H EbESHal B@o)be Uskd dﬁtcﬁrasl a”IE£bI§)@§BUF oOnifdem. -

t he .fol I'ow ng
' PDF or any other suitable user—defrned PDF.

- 20 The calculatlon at step 1504 repeats until posntlon probablhty of a|| CPs in the CP LIST 2is

denved

_'At step 1506 LKDE number of the CPs havmg the Iargest probablhty |s selected ThIS_V.

_ selectron is to prck out the CPs in. the CP_| LIST 2 that can best represent the position of the
25 . moblle device (102 in Flgure 1) LKDE is a predetermmed number selected based on the -

distance between cahbratlon points and.the predtctron accuracy desrred for determlnlng the

-posmon estlmate of the mobile devxce (102 in Flgure 1) it could be in the range of, for

' lnstance 2 to. 10

30 " At step 1508 a sum, SUM LKDE of all the selected Iargest posntton probablllty result of -
o each of the LKDE number of CPs at step 1506 is compared wnth a threshold value, Tht.

'Th1 describes the minimum acceptable sum probability of the' position estimate o'f.the mobile
dewce (102 m Flgure 1) within a specnﬂc Reglon Of Interest (ROI) Itiis determmed based on -
35 the foIIowmg factors ' ' ’ :

i) environmental;
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AP -used for position estl mation, - e dAp;- i V). nunmber of CP used for

posi tion estination, i.e.- "LKDE; v) prediction accuracy d SR
esired for " -
-position esti mat i on. ThI coul d be in the range of 104: )1/0 8. SUM LKDE is .

- represe tdF;‘saI ly as follows. S6M LKDE = E P
g r (CPi e 10wh :
Q denot! %‘?8 Qfeces of the sel ected LKDE . nunber of- CPg at)s!t e[()? 1506. le(r)e
exarrpl eu) nuntbleeofhlaexed)lor posiigneestisrption) i-§. ders: SUM_LKDE r epr esénts how wel |

t he i h
ed bi o,qlgyﬂn%i,oﬁlﬁg? Lk& Figure 1) can be repr esented b
t he seI ggﬂé‘l_&fﬁﬁ rrg}?? ﬁ LKDE is larger .than TM, positi ony;

esti mat\g Pﬁédld‘tbﬂ anuhat;ed@evdt@qomgn ieﬁt"P?f@lﬁ‘re 1). woul'd be caf cul at ed' at. step

.151Q.: 1\%{:0 KeDFmg ae@g% 16 @p_ 1 ess t han Thi, the previouslyderived
| 4 év -and-20 previ ously der i ved posi tion. rellablllty
val ue - pr fromthe position estinmate subroutine are selected at step .

1514, @U&ﬁhﬁsgg %’prés@ﬁﬁﬁ%é\t%rﬂé%llp%W'b‘% esti‘mate (i, 9) at step’ 1510

W)uld b l'outl1er'” described earlier: vvrth reference to . .

Fi gur.e ﬁ 510, a
R M LKDE = position. estimte (2,9) of .the 051t|on of
t he nobt l} 6eV| ce gg%p Figuré 1) 25is cal cul ated by the foI | 0\?\,1 ng’

| _Ifoi”l'm“ a.- (2 y) "qul’(Cpl)(Xkl Yk, j) jEQ
10 where Q denotes the indices of the selected LKDE number of CPs at step 1506 For example ,

the index of a selected CPsis 1. ~ R

SUM_LKDE represents how well the position-of the mobile device'(10é_in Figure 1) can be
. | _represented by' the selected Lkpe nun'\ber of CPs. L ‘ -
S SUM LKDE is Iarger than Th1 posntlon estrmate of the moblle devnce (102 in Flgure 1)

" wouild" be calculated at step 1510.

. L If SUM LKDE is equal to or less than Th1 the prevnously derlved posntlon vector (x }’)prev and
' 2_6 prevnously denved position - rellablllty value rp,ev from the posntlon estimate subroutlne are-'

~selected at step 1514. In '(hlS case, the calculated posntlon estimate (x y) at step 1510 would'

| be mdrcated as the outller descnbed earlier W|th reference to Frgure 11

: At step 1510, a posntlon estlmate (x y) of the posmon of the moblle devnce (102 m anure 1)' S

25 s calculated by the following formula

R ZP-(CP)(xk,. yk,)

JEO _
hence

z Pr(CP)(xk set, ]) . ‘

o
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result:in CPJ. The fornula basically cal culates the weighted average val ues

of.the x and :y coordi nates of each of the LKoE nuihber of CPs to*arrive ‘at

the position estimate (2,9).' To aid understandi ng : for X "
Pr(CP./) = 0.2, .?2(k sel,l" = 10! Yk sel, 1= 20 angr(’CPZ) 0. g a%zl gellfz =
30, yk sel, 2 1040' t hen t he positi'on esti mat e based on CP., Cand CP2is
given by 2 Pr£ 32 + 0,5x30 = 17 and 9 =0.2x20 + 0.5x40 = 24 At step . -
1512, tJhe (2 l’yulloal ue.is derived as follows. 15 . .- X kti Pr(C Pi )
._(E_+(,, R) 2---yk A) jes2 fJngtha e(P) - ‘where is a 2x2 matrix -
t hat represents .the weighted sunmation of all co-variance natrices 200f

t he position estimate,. D.is.a 2x2 di agonal ~nptr
- S ‘t he mnss(x,ag,,,Kw lelnq)@gﬁeﬁ,\jhgtcﬁordmates of each gp t eIL).EDE\Ar@u?n eer%l EBQ”aarld eI enment

5 - Pr(CP,) is the posntlon probabllnty result in CP;.

The formula basucally calculates the weighted average values of the x andy coordmates of -

each of the LKDE number of CPs to arrive at the posmon estlmate (x,y) To aid understandmg,
_ for example if Pr(CP)=0. 2 Xi_solt = 10 Yi seit = 20° and Pr(CPz) 0.5, Xk_sel2 = 30, Yk sel2 =
.10 40, then the position estumate based on CP+ and CP;_ is gwen by £=0. 2x10 + 0.5x30 = 17

and § j= 0. 2x20 +0.5x40 = 24 ' ' '

At steo 1512, the reliability.value #is derived as folldvy_s_.

' ‘R ZP:‘(CPJ)(D+ (x xkd)[”é"xr:.)t y —)'k.J])

15 . jeQ
# = Jeigmae(®)

_where Ris a 2x2 matrix that. represents the welghted summatron of aII co-vanance matnces '

20 of the position estlmate _ )
‘Disa 2x2 dlagonal matrlx whose dlagonal element is the Gaussran Kernel bandWIdth :

 of the Carte5|an x-y" coordlnates and
€igmax (R) refers to the maximum value contalned the matrix, R.. -
Matrlx R descnbes the snmrlarlty of the posntlon estlmate (x y) to the Iocatrons of CPs thatare .- :
, 25 used to calculate thls posmon estlmate In other words, R descnbes how confident: the
o _posntlon estlmate (£,5)is as an estlmate to the posntlon of the moblle devnce (102 in Flgure 1). :
The square root of the maxrmum eigenvalue of R r, isa mathematlcal representatlon of this

confidence. .

3(~). ' At step 1516 the calculated posmon estlmate (%, )at step 1510 and the calculated #at step' .
1512 would be outputted respectlvely as the predlcted posmon of the moblle device (102 in -
Flgure 1) and the correspondlng reluablllty value prowded that the calculated posrtlon __

" estimate (x, y) is not lndlcated as an- outller ‘Otherwise, the selected prevnously denved

29. .



- of the Cartesran "x-y" coordrn 3 @pﬂ Ehe -
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position estimate (2,9) to the | ocations of CPs that are 25 used to “-

* calculate this pasition estirhate. In other words, describes' how L
.. confident. the position estimate (2,9) .is ‘as af estimate to the position of

the nobjleievids: (§ 1R Bndipsevicush) defeel pasidore refiabilityofaltdi@ye, would be
“maxi mmgr genval ue of a mat hematical representation of this b(p)nf i dence. . 30At

- step 150@puttete cal cul ated position estinmate (g, . -9). at step 1510 and the
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sel ectign subroutine (800-in Figure.8) exetuted at- step 70.6 can be made
‘to- be performed for” a predeternined number- Of _tines to .determnine the
1000 where the nobile device (102 in Figure 1) is on Once the fl oor.

where t %9&88@(’1302'” Figure [) is Onhis'd
. a eterm ned the- decrsron
‘maki ng gtepmw)ehrn gure 7 will be made to initiate the floor selection

~subr out iiheh¢rathe Rositiph gatrr@ate)‘altSfmtart'a%trr'tPhlns "8GORS-- an outlier is detected:
~and ii) when the posrtron estimate falls into floor swtching regr -Qns. - The
floor swtching regions are predefined. and re cI se to el vato

" escal at dihe floanswitghirigr regions at}ﬁt@freéef&?&’n@dnﬂefcl BE1Q tﬁb%sels %torsrﬁggétalrragl ons -

can e r
&2giond @ e
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speed. ofangeeplother shanre Tsp el ot NEGP FRAIoNy afﬁﬂet%’ﬂlnﬁgﬁéqrhet{‘ﬁré’”t‘"&ﬁ %"

typrcal motion speed of. people in the specrflc building. lt could be in. the range of
“10m?~100m>. ' Lo ' .

20 Updatrng of posrtron estrmate ice. rnvokrng of steps 708 to 718 in Frgure 7 can be made to be -
o _manually actrvated by the user or penodrcally updated by the mobrle devrce (102in Figure 1)_
. automatrcally at time intervals set based on the applrcatron of the technology concerned For

E rnstance for a shopper ina muItr-storey malI the time mterval could be 15 seconds a

o 25 'Wrth regard to retrrevrng data of Observatron Matnces (OMs) from the mobrle device (102 in -
' Frgure 1) by the database server (106 in Frgure 1), which is descrrbed ear!rer |t rs"'ff—-
apprecrated that the: database. server (106 in Frgure 1) could mstead receive data contarned' o
in the-OMs from each one of the access pornts observable or. detectable by the moblle _'
o device (102 in Flgure 1) drrectly The data fiom the one or more access pornts observable or
30 detectable by the mobrle device (102 in Figure 1) could be sent to the database server (106
' - in Frgure 1) after they recerve a probing signal from the mobrle devrce (102 in Flgure 1). In
more detarl each access point sends data of its MAC. address and the correspondrng RSS
_value that it could have sent to the' mobile devrce (102 in Frgure 1) in the previous example -
Y .'drrectly to the database server (106 in Frgure 1). Wrth aII the data collected from -each.
35 ?access points, the database server (106 in Frgure 1) creates OMs Wlth them The OMs'
created by the database server (106 in Frgure 1) would then be used for further processrng L
in the varrous subroutines descrrbed wrth reference to Figure 7 to predrct the floor and

30
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periodical |y updated by the Mobi | e devi-ce (102°in Figure 1) automatically
at time intervals set based on the appli-cation -of.the technol ogy conaerned.
- For . -instance, for a shopper in a rrultl-storey mal |-, -the time interval
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nobi | e device 102 in Figure 1, including, for instance, the -code
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of ~outp dsdi, aR4 %)btpl@gf the Jaiukisiudrsutines eeacibeahinvatt h -
the co mr?%?aﬂggglﬁjgrénﬁp 0 5a20 “The. processi ng unit 1602 nmay be connected: to a

dat a sttaagElgﬂleev%e (i-ncl udi ng dat abase or: menmory) 1630 for storing, for:
i nstance, data of the Radio Map 6f the subject bUI I d| ng Cbservatl on
et

. ces. fromthe nobile device 102 in Fi gure 6H uts, @ghoid
.vaI ues fTtwe. proogssingsamt 160Rimayt ks cansctadhie a/a?mBHtsefé‘&B’Y%’ th '%lé 6d in
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Network (WAN). The’ processmg unlt 1602--may also be connected to one or more _
30 '- external wireless commumcatlon enabled devices 1634 (e. g - the mobnle dewce 102 |nl N
B -:Flgure 1) via a suxtab|e W|reless transcelver dewce 1632 mcludmg a WF| transceiver, a E

'Moblle telecommumcatlon transcelver suitable for G|oba| System “for’ Moblle

'Communlcatlon (GSM), 3G, 3.5G, 4G telecommunlcatlon systems ‘and the Ilke

| 35 The processmg unit 1602 in the example lncludes a processor 1618 Memones such as .
a Random ‘Access Memory (RAM) 1620 and a Read Only Memory (ROM) 1622 The.
processmg umt 1602 also mcludes a number of lnput/Output (I/O) mterfaces for '

e
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-one or nore 30 external wireless conmunication enabl ed devices 1634 (e.g.
t he. nobi.l e device 102 in Figure 1) via a stitable wreless transceiver
devi ce 1632 including-a Wi Fi transceéi ver, a Mobile tel econmunication:

tr anscgé%&glfot.ﬁ@lrﬁcé ab2Fobl displGystos| fnd bisteriacedifRfiip dae Keyoqatsh) |

3G, 3 t el econmuni cati on systems, and the |like. 35 The processing
unit ~16824i n t he exanple includes a processor -1618, Menories such as a :
Random Access Menory (RAM '1620 and a Read Only Menory (ROM) 1622. The -

proceSS|ng unit 1602 al so.includes-a nunb of

i nter f akhes ,conipanedts . efatthe oPrecesaingt Y r;‘8 ﬁ% é@ﬁ%lﬁéghrﬁte&? |?L an
PCTY, 39/(5%@4 %8@&%31%728 IR Pahh&? Krivier fodbe pb6h skiledhe thi sqtqa\eant @608
and I/ ace 1626 to . the keyboard 1604. The conponents.of the- -

processing uni t 1602 typlcally comuni cate vi.a. an i nterconnected bus 1628

and-in ﬁ&@&ﬂ?utel‘ﬂ hi\P fURNes fritisdd bhedr morélseftwataaappitcaaws forraeg-
corrputer progra urt her ‘i ncl ude one or r& §o£tewaor %T%@@ k lernons for- .
~e.g. i nintermait acasseibiithi PPeRting $Be LATRY Fhéyﬁtglﬂ) U8 st 0 ? L
- operati Métsgg%]mtynqﬁé/\qc,:ée%t&myl tgatatbadec ramcgemdnt,| whjch dae a@%@at";}; o .
*nanagenen I ch are applications: op
or ]pbrt@blcall;cewgp%d onhdesidonat Bet ﬁ's&mﬁﬁﬁ§e°§‘£§g¢+ F;}Qsto the user of

 the co AiRterody sterfl AtbA0drmodge rreajdatarstgtagh medigmeD,
" DVD,’ @%p?Fd%%?ﬁnegr%%@&ggrggﬁer orrogysl-lard Di sk gbrig I§ +L&Sh
.~ pr ogr ansughegs alGR, BYD, @ovihfBdieemang fRf i %ro"hf@?ée ks,a"ill@lé&ﬁ1 h

o appl i Caélogg%%m{ﬁgéo%@dbﬁﬁdaa@d fwtm@bbmum nat\sortx‘tﬁ:‘l& iThe application

"'process nt ermedi-ate 15 .storage O r |shed
usi'ng Rnglmo are:rﬁadtem%@rétrollsﬁénbtﬁ eﬁ%Flé“‘Eﬂ Bt’ ﬁ'ge °é’g§§°3f%f‘ﬁeq§5§n‘§ﬁ? e’HPé

‘ pro a HPHQE%A b@g&@dmglisrfeatdwfg RAdh1&2uential ly.  One or nor e
' ”gtog%%et ggr ans rra? be stored:on any conputer readabl e medium' The

_ corrputer readabl e medi um-may i nel-ude storage 20 devices such as magnetic or
- optical edisk W%@HH ¥r FIdOSF Y sebb et woagetaiqrogramssinay &bl erfagmed in . -
t

|nterfaC| ng general .purpose co The.co I ium
may al seataliel rather thancseguantialy ﬁwpum%ngelﬁ‘&swé&%l‘% d}&%ﬁ]s g ﬁ@gloﬁ?(grsﬁet .
system. aBlf B et?sr%aamé U GUah ThE Eorepatbd feazﬂblenmbsmml ostude AHPRIEAN)

System rrputer program Wen | oaded and .exe
geneoal dpucesEhcapagRCET Rledl disks. METGTY €IPH °§#‘h}q6%?%%&&'& (feagole

|h npl enen d&snttehg §§ GRA aﬁéerte}?ﬁ Fﬁp;sagutddag;tmroa'aesempated re@ahbdgedlnmernmlses
erein desc reference to re, 17 r of
Uhe Sysiiice0onariwasd e spioi o BerEolnad 1y pagniehiet PO S GuRRORSILE
C| assif. 's%gh algt&eﬁ-,dméﬂllrﬁ%we NargRisy LANIQMLAN) system. The computer program when

: _loaded ‘and executed onsuch a general purpose computer effectlvely results in'an apparatus

| .-2-5-.' ‘that lmplements the steps of the computlng processes and methods |n examples herein

"'_descnbed

.Wrth reference to- Flgure 17, the genenc components of the system 100 in Frgure 1
L '7‘(expressed as 1700 in Flgure 17) may be classmed 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 "n_a_tu're_'and can bef a_'cc_:ommo'dat_ed to 'different _'appl_ications"

_ .thr'ou;c;h software‘programr‘n'lng. ' ' ' ‘
35 - ‘ - | S

o The Indoor Nawgatnon Module 1702 reS|des in the Moblle Appllcatlon Module 1710 Wthh is

downloaded |nto users’ mob|Ie dewces |n the form of a moblle appllcatlon The Moblle ;

”-32’_. '

rRBRREet B D7 =
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" Mbdul e 1706, - Account Managenen and uuue97
1710. _The "5 nodul es are generic in nature and :can be acconm)dat ed to '
dlfferent ‘appl ircations through sof t war e progr aMi ng. 35 The Indoor - .
-Navi gati on Mbdul e 1702 resides in:tthe- Mobi/l e. Appl i'éati'on Modul.e 1710 whi ch
i s downlAPREeationMadule k70 prevfew theagrapbisal interfaset en themabilenstsivice through )
appl i cat hgseVRR C 011
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gééﬁ?&?%’ Wégﬁég dé’?” cé‘?ggdpf eas?p QPcﬁef‘Hr b@pfipccraale an @erepcir iac

- retail cmopratsy spear cThé Gonsumesti wiil @@, uqably mhrétpﬁy,mﬁet ﬂ@?ﬂhé‘étaJrﬁta'a%f '
E I\/achl ne, ordAl-fau ct,i-on an automati ca lé activate eat'ure -

I'"f or ,i nd) oh one %{@o*t?ngg'ge%ﬂtf’g" i8R fRIm: Whichrcongis uefehigor ihenpersonal

- di spI aylpagloofaracsheppnmgspméﬁce‘sr BsBbs bRt $h%hlb'nﬁhr@a9§r€ﬁ&ﬁ e \D@Mn
radi us esléS? ut ton~

th mart phone :
'.I ead to. a | Seme éesﬂﬁﬂ?’kﬁtﬂ‘%{?%pﬂf%@?ay@& ed&f@l’?ﬂ%b@ @ﬁdéc@ctlpoat thenl s
appf)emﬂae emSUhaatr a:hnmte?sjttﬁrmoﬁewpﬂl@atﬁh%rﬂms df'%?%ﬁt%ﬁbhcyneo'tmppl%ltlo%f S 1o
pr oductsa LCYEIAY cpuqug ?IO contain any information T'ntend
be shar&q° &M f?ﬁ? °8Pt M Ft NG flogmlogation and; rositiop cadhe bartcmu flagatande .f or
i ndi cat ithig infbaatien hsappetrbamg tatthé tm)plﬁléta‘ﬁye@térvgptmﬁt‘igh a t‘cha'Gt?’F‘{TSt a?[eﬂé fe\lﬁ/%bur €
ut up i : .

. d t 8
" ﬁgflle\r/rgter fgﬁ&é(a%’l‘ n%f"éﬁ‘fﬁ N, Eiﬁ% g&ngfg%gfdoéswf 'Gutt"@s( i ijqucoawg? relgvandnt -

‘11 me ‘perdeattisgmeritoto thestamsamer,i agdi éhrpagH tHeNSGITRISS dEBH ik ta*&b&rg\f?\étttoq WHE :
Ieagstotﬁ‘gvha)%ﬁ %egﬁ%nts whi ch are di'spl ayed.according to tinme unc |ona
button of “an au onat grw %ctivated feature for indicati ng what's on vvhen
the consumer wal ks into a-store: This button or feature may for- |nstance

ed b I'ers. of fering product pronpotions'to
s o BB 1R, PRS2 ST el B s omte Bhpr s esoe oty an
,aut onat feferehge tcFigumt Ed"gmmﬁ@lefﬁ@ﬂeﬂeﬁ%rﬁﬁér'f&ohé i§ WadcriBed %E%olmgn It is

appremated that the GUI in dlfferent smartphones mlght be dlfferent but a few of the * ;
20 fundamental features wrll remaln generally S|mrlar '

There-could be"_the following fundamental_features i_n the GUI.

A Functlonal button or an automatlcally actlvated feature for Searchlng ThIS button or -
25 . feature links to a central dlrectory where the consumer can search for specific retall outlets
S accordlng to names or categorles search for specufrc ads from specnf ic retail outlets search o |
for amen|t|es e. g washrooms Automated Teller Machlne etc

_A Functlonal button or an automatlcally actlvated feature for rndlcatmg what s around ThlS-: |
30 . button or feature actlvates dlsplaylng of advertlsements from outlets within a predeterrmned .
' metre radius (can ‘be user—det‘ ned) of the smartphone Thus, thns button . wiil lead to "
advertlsements which are dlsplayed accordlng to location. It |s apprecnated that the
:_advertlsements are not necessanly ‘promotion of products -or serwces they could also.
contaln any information lntended to be shared
35 ' _ , .
- "A Functlonal button or.an automatlcally actrvated feature for mducatmg what S happenlng at

the present moment ThIS button or feature activates displaying of advertlsements put up ina
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10 the consumer val ks into a 55)9 e%f;['egp tszsb*t’&&?b r%nﬁﬁaﬁ%ﬁgpﬁ?smﬁﬂ@fbm bo0397

cust oner s who. physi cally walk - r stores wt

exchanged for gifts or cash vouchers A Funct i-ohal button or

autonatrcally activated feature-for indicating what's preferred by: 15 t he _

.consuner: This button or -automatically activated feature shows - - ;
adver t i swivent §mereatiodeafafdranstangry iartee gastions dbar. rws| this butén millllelagl che L

“consumner into a participating outlet, a
systent§§V§%§&v%ﬁ§“gﬁ?gﬁg?Fggp%éhg %X?W?%ﬁ% consuner s snartphone -

- information specific to that outlet. 20.It is appreciated that other than

xpushlng | f S .

Pt oL 194 EURGERLY AMARE Sl ok i BN, BERFE iRl RS MIIRHES, .,
advebt i sonsumerwalks intaca sfoest: |Tt1tsrbtrbﬁontdn@atturemmw fQStlrm’t@'tOenstmvechdvertrsemepttsPus h

" to the 0

Conpl Ry AR SRR o0 BBt RSBk B s
into a stwee selling business shl.rts, advertisenent for another shop
selling ties will be pushed to him or- her iii) Push.to the consuner
"speci al pronotions if 'he or she has spent X ampunt of time in a particular
Y depar tArEnnctiopal. kyttop tor [adrastorsatitaha activeted) feature foe genenating Wrtealepdmtamdtelr:f can
© be e ratail ) S e ms in.his or -
 er 0er 5 PfSutr Walks! Bl Slore: it Jourbli Gt Il EPn SR TRHARY oL 4B S

server evéwt;lcdty)wahr roto tmen @erebow;tfhtpointsmmdtecarmrbeeexCrmhgece forvgifteus hcdsh the :
consuner, lfeQ%t card pronptions that are applicable to-the current store. A
proposed SO i on.for the system 100 descri bed wi t'h reference-toFigure ‘1.
may, include “two 35 aspects. The first aspect is infrastructure for ‘i ndoor

. detect ] one, MR RSy AR alSRgidrdoRasdd RRulh 1) RELELEMARAS Fapuis 1 (0
el paRn o &M ayamatcaliy o B 5 PP doeledRi B,

17. The. secon evelo e
det é&t i die. @thfamert tT hl@sbttbtbntheaISS'rsatmallstG{ctrvatemtfeaturb sheosi :pdvert%ﬁrrtdotseﬁrd:mr

iy e eE P 6P gl PR o bR o G BRI, &

- Rout i ng walkerioto 2l @adicipating euttetda systomrsesver vsleauiomtrcailyrmlsp telbppensimer's -~ -
tri angulsate hg,eé ";‘f‘J"%%ﬁﬁnfE“; ﬁ'rlaﬂ:ut%@ to the mai I -and " assi st shoppers in -

navi-gat i ng err way W

20 It |s apprecrated that other than pushrng mformatron specrfrc to a current store that the;

consumer walks into,.there are the folIowrng aIternatlves

| |) Push to the consumer an advertrsement from a competrtor of the current store entered _
i) Push to the consumer an advertrsement from a store that sells products complrmentary to :
25 the current store For example if the consumer walks mto a store selllng busrness shlrts o

' adverttsement for another shop sellrng ties will be pushed to him or her. =
iii) Push to the consumer specral promotrons if he or she has spent X amount of trme ina ..
_.partrcular Y department (e.g.. chrldren s department) of the store where X and Y..can be :
pre- defrned by the retailer.. B ' Lo

B 30 . iv)-Push to the consumer rtems in hrs or her personalrzed shopprng list (whrch has been S

uploaded into a database server earIrer) which can be bought from the current store.

' v) Push to the consumer credit card promotlons that are appllcable to the current store

A proposed sotutron for the system 100 descrrbed wrth reference to’ Frgure 1 may include two
B 35 '_ ' aspects The first aspect is rnfrastructure for |ndoor detection, whrch has been descrrbed
- _earlier with reference to Frgures 1to 17 The second aspect is Iocatron servrces developed_ .

' ~to Ieverage on the detection capabllrtres of the system 100.
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10—Car “Fi nder - Shoppers n0"1 GNGSF 08 \q“ Litl 2Wl ,ggg}xr &ﬂ{&éd:

- their-cars. A.Car. Finder ''service -au eopnglsr ca ?Oolg a nea vu/sozu11/000397

o ent rance/ exit- door fr.om wher e .t he car was. par ked aI l-owi ng the mobil e - o
- application to guide the shopper back to the car. Footfall Anal ytics: _15_.—
.- Merchants are able to objectively evaluate-the effectrveness of their-
“marketing canpai gns; the new'store design/layout and quantitatively

"."'-correlatetos | es reVenu ro rea i e m)nrtorrng of i n-mal |
shopper T8 ?f@%@ﬁ?@dW'PCB%EPE%gE'he%%?QIW%e shopper''s behavi our,
novenent . patter ns and popul ar routes through footfall. analytics. The
- carialytict- Iatfgrmw Il .. ..-20allow t'he mall-owner cloud access to’

" real -ti MEYAHRGNR PEYIGERT ormat i on -and reports, enabling a:quick over-View or
the si tuatr on on t he ground faor :-hi gh-1evel strat egi ¢ deci sions.. I\/anagerrent

can al'so anal.yse human traffic .and footfall. anal C e orts 0 Ze
.~ rental é'Eat'm'L Eoufing: é‘%ﬁ’é’@ﬁ agimeie g ngefﬂ%" 9?{ tlc"rst@ %WBBerlset(/%qu%uésh
- -adverti alei“lgocatleavarralahdtgtd)mel msipand detretcshopperefmslwppemgs theitndayt tvigthin the
“profiles, the nobile application can intelligently push context- based.

adverti §laHg nmaterials according to the shopper's exact |ocation (5-10m .:
..Merchants .can create and run | ocation-based advertsing- canpaigns to

- targeted shoppers_ enabling real-ti i nterve on.to 30in rease )
G C et R nesropam I e ireed s v AT Wbl e BRI B B o
soci aI TR sehi® Qiﬁltblnlaﬁca‘ll?ﬂbgs3&t hé&dtest38ntrdnick/erin aldbe frohD pperes trteOcaihwae .
“their real-time |ocati nds nd, faﬂjlfl‘él menber’ s. Such a

f
f eat ur-e PAIKef aﬂ%‘l‘"ﬂglﬁé?cmf’l’teaﬁptﬁ’??ql@”ﬁ‘ggt“gﬁ 45 QIPP?r §t%1 'so--help famlies

to.track their children and grandparents. - Date of “receipt: 28 Novenber

2011 (28. 11. 2011) PCT/ SG2011/ 000397 FL. ustUll/ UUU397 - A nethod-covered .
by the. Eégﬁ?"i/ﬁﬁ)ﬂﬁsof figures 1-to 17 may be described in another manner: as '
- fol I19vvs . SWth-:reference to Figure 18, there is flowchart 1800 o

-|IIustrat|ngarrethodfor determ 0 on informatio s'rtronln
il 1 Mg B 1% g UG oA e P aeshng ot agee Cafibhn0.
retri eviRgnapsery aédighiia tanagrramrtstmg/ abeeity eslsaiekirwenss - Bndugoreakbtimendi ng
-observed recei ved sra%na stren W|"rel ess ac(ge 8 ints de&ect ed at
_the posMaBATRg eftranaliehenrsry T%@W%ﬁ%mﬁ SWNERY €31 dFI8THES BRORARER BSHYP UM,
: 'F' gure Fnovgﬁ’t%nt ﬁatl‘_drlﬁlélérﬁﬁ Bo;ﬂ.llél' rd2@2 thidugh footfall analytics. The analytics platform erl -
.20 aIlow the- maII -owner cloud access to real-time analytrcs mformatron and reports enabllng a’
qwck overvrev_v of the ,srtuatron on the ground for hrgh level.strategrc}__decrsrons. M.anageme_nt;

. canalso anal)rse'human traffic and footfall analytics reports to opt_irn'iz'e renta_l_yield. :

Location-Based Adve'rtis_ing: R

5. T | |
_ Real time, shop level push advertrsmg Leveragrng on rndoor detectron of: shoppers and,
-_thelr profrles the mobile applrcatron ‘can mtellrgently push context-based advertrsrng:

- materrals accordrng to the shoppers exact location (5~10m) Merchants can create and run-

B locatron based advertsmg campargns to targeted shoppers enablrng real time mterventron to:

30 increase sales '
| Social Netvllorl_(ing:

.Famrly and Friend Finder - errng on the popularrty of socral medra the moblle applrcatron
35 Cowill enable shoppers to share. therr real- trme Iocatron with- selected frrends and famrly' '
members. Such a feature will help facnlrtate the meetrng of frlends and also help famrlres to
" track their chrldren and grandparents i T
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-+ points

. -Frgure—ﬁhqt—gtep 1804, retrbe?\élop%be § mem e?E(H'iS% 5 ?13;1???5”50%9&)39‘?

. radio map (For exarrpl e, '"412 in risen u11/uuu597
| ocation points in the respective storey of the bui I-di ng. from 15a -
. dat abase, -each location point conprising addr esses and-cor r espondi ng mean
recei ved': srgnal ..strengths of wirel ess ‘access points det ected at.the.
~ location- p0| nt - and coor di nates- of ‘the |l ocati on p0| nt- ( For exarrpl e, thi s
"'.relatesto steps -708 in Figure 7, 1002 |nF fj-l' ﬁdl 4 in Fi ure 11
. and 1502 ieifidd eryered1)the despntiors elefjgutesolsto 15 axbe geeghed By RS MARET i on
ing the observed addresses fromthe radio map (For: exarrpl e,
this. relares to step ‘1004 tn, Figure.10). At step 1808, . det erni ni-ng: .a storey
estimate of the position by caI cul ati.-ng a sum probability for -each st orey

of tne. \llhlln glglléhce tBEFt Py %@lué 'fl%\)oclg—ﬂt m&)o:mhatatmgea:lntwh@nmde@rmrnrng

i ndi“vi.dua

robabi t| es of- each observed address. cont;rgl @ﬁ % S
~ Sel ect eldcattmamfponatmlonﬁ rositiom & 3 BWitbstAREY DUIdRh et EUPRIEEP o 8?/ i ng SRR

detected on the ..respective storey, and setting the storey estimte as the
storey O the bur 1di ng."havi ng hi ghest value of the gal cul atde
_ probabi Af stgp 18P retriavieqcbsesyalionidata SRINA/ISHGAPSHHED ABF I FTRR ?quec?ﬁ‘lrcctPgat 'ed_ -

based gbselr\?eg fegévgéggﬁél'sﬂgn%thggﬁﬁﬁé’légs H&e84 p@iﬁltssd@é‘cﬁéd at the rwblhomfromaa d

. each’ obsServe ress”in sal each sel ected 30. atl 0 59 the .
corr()aspmemomg(ﬁmeaxamlﬂeltlvedelgle@rlalSt%l?tsr'éfl?glﬂh':'gl‘fesal efc G%fgrée %3 ?(')Q:atl'on
poi nt cpg’h {yl__)ng sai d each observed address (For exanple, this relates to
t he step I'n_Figures’ 9 and .10). ~The nethod May further corrprlse at.step
1810, -det erm ning a posi tion estimate' of the 35 position based on wei ght. ed

aver age HerB040 Cetﬁegﬁl;;d'fdlaéa%ﬁ s‘?cgre?‘b?'thé §t§lldl¥@t adadioanip Wbrmxemtplecanzam ni ng

said eac serve ess In the radio ma t he. esti mat rey. (For -
exarrpl eFlg'uha 4) qompgising a plunahity of fasglion HO‘Flsgjrl‘Jﬁ'@ rgspective Stﬁffty fgtl 6‘@@ d‘{o 28

sel gct ed &Q&B‘as(ezéa&hq% 5’ T Eotfeislddl 8983 8sest énd cMépoﬁdrhé uhieE3Oréceilae

one-or' nore ocat on points may be sel Etadflltered regl on
of ‘i nt esigsal strengthshof wireltiss aﬁﬁ?ﬁsr ppintp detgctad %fth% Cétl‘trl Hﬁ'” Apd goorigpigs of

| ocati Ollqet‘lﬁtélloﬁ eq%ﬂ{lg#dr%&%ﬁlehﬁn@é?ﬁéy%ta&droes.s efyufd PM0026n Frydreo1 0T8I 12 For

exanpl e e Creation of CP_LIST_1 descri bed wi-th reference
t 0 1212iri Fig@ieglir and1 1802 iTfigurrdBhod may furt her conprise extracting a nunber
of observed addresses: with. - correspondl ng received signal "strengths above

a predeterm ned val ue (For.- exan‘p this relates to the: CE’-eFﬁtl Qn f1‘
AP_D0 ST Adleteprighedsaiating oae eF B locatioragints sompripe thesbsengd-ARd SR LT Bd

‘addr essgl rtagﬁatmgp ﬁ&%%%opllerﬁ‘\?str%laté@% S TUﬂIDNE@ufé’ oon t he sel ected one .or .

nore. | ocation p r exanple, this relates to the creation of
CP 1] ST 2 described’ with reference to 1214 -in Figure 12).

At step 1808, determrnlng a storey. estimate of the position by calculating a sum probablllty
- {for -each. storey of the burldlng, the sum probability berng calculated by summing all individual
'_25 probabllltles of each observed address contained i in each selected locatlon point in the radio )
- map of the respectlve storey berng detected on the respectlve storey, and settmg the storey - .
estimate as the storey of the- burldlng havrng hlghest value of the calculated sum. probablllty, .
"~ wherein each of sand rndrvrdual probabrlltles is calculated based on the correspondmg‘ E

observed recerved srgnal strength of sard each observed address in sald each selected' |
30 locatron pornt and the correspondmg mean received srgnal strength in sald each selected -

location pornt contalnrng said each observed address (For example thrs relates to the steps .-f

in Frgures 9 and 10)

The method may. further comprlse at step 1810 determlmng a posrtlon estlmate of the
| 35, posrtlon based on welghted average values, of coordrnates of every selected locatron pornt '
~ containing saud each observed address in the radlo map of the estlmated storey (For_
example this relates to the steps in Flgure 15) S
foL o a0



> 'of a previous position in a nu

. 15The région of inter estin. th?fltre%plltege“m %/ng)eez(fl?:ég 1991 ﬁg?ﬁgcgﬂ}’“"gw ty .

storey bui or €exa &1ijuuusg7
~ relates to steps 1102 and 1104 in Fi-gure 11). The step of determ ni ng a
storey estimte of the position may conprise the follow ng steps. 20 -
Firstly, calculating, using a Probability Density-Function, a first Vval ue .

i ndi cative of probabil | ty of a first seI ect ed | ocation of - the sel ect ed

|'ocati on points beln stlo of - il.e d A
corres pB?fd??l%ct%‘l)Q%%Q jﬁ‘%%@d”@l ohay gtSF &h %fj o8t Sgh&gd r%)gag'ﬁgfe'ﬁ@re A Ddr ess <
i~n the thlerréalosﬁapﬁmttﬁd stepcatsewatu@om oamdrd loeatimr p@stpomdtpngmgmwsyoeidved o
si.gnal 25 stre eflr selec edloctlon tRIEp N i
“first %ﬂf’é%?st?é(r} dl%é% i oHEMP e Hisc aa?? ho I%)%tg eta:f&;t&vdaltsl—ugsﬁ'or each
- one of adwerissd Witk e;ﬂerleﬁgafomqnzmoﬁgnm (2§or exanple, this relates to step 1006
.in Figure 10). Thirdly, suming up first values cal culated for the ,

- selected location pointsin the radio map 30 of one storey, wherein said

‘sel ect efhd af@thb@ mapifotiseratdmgryet aktracdling oammumisdrs ef \obsleraeldjramleesseo witt: a

second val ue and fourthl cul ati t he second v o] erved
‘addr esscqu?épon@“%o?ﬁ’?ﬁ’ﬁg *%Qﬂa? h’ F’l aggh 7 & Qrgﬁe:lteggme "8?8 @%géa% .’Flp‘zure y
10) . rekdtéd ol thie caratn ﬂlgL\F!l_p_IS'BdesudlbeawltesefeaalnceltcanztD|f1angLeetda storey of ‘the:
~bui]ldind to get a third 35value (For exanple, step 910 in Figure 9) and
S|xt(hly, sel ecting the largest third value as the storey estimate (For-

exanpl eThé BbSeriéd aldesdes thatedre Hb2 ekt?adfecgmag 1) remdvad! droaf theesetdqtad ork8or.

Novenber 2011 (28.11.2011). PCI/ SG2011/ 000397 t thd 
N O e s A U ey o A0

det ect eghfér8p& féeQ1a|"gH|?hrestz)engt hs that is beyond a predeternined variance
~fromthe radio - Map of each Storey in the building and in the step of

sel ecting one or nore |ocation points..conprising the observed addresses_
f r o t hend aelyion BRnteret &Cthel”lgadld"lma@nmaprbenﬂltefedl taaed on yicihitt sf aoprpvipes ng

‘the sel ected obseryved addresse wit h-vari.ange of te \'4 nal
st r engt PRSIHAREP 3 BUBSRSAGD ‘t"ﬁ@%?%‘b@?@?% @8@3@?5&%8"? ‘li‘i)@j% rﬁﬁ‘l 'Rgsﬁ"}eg

rel at esq{p step 904 in Figure 9). The net'hod may further conprise receivi ng
observati'on data wirel essly froma nobile : 10 . device located at the
~position in.the building, the observation data conprising. observed oo
addr essgge aeﬁ of BEEARPMAC Ngrep RsMxtecf tacsisitod sagemhprseteniliosingstepsr el ess
‘access points detected by the.nobile device at-the.position ( For exarrpl e,
ste%0902 and covering the case - where the nethod is perfornmed by a: Server
such' asrirdty, d@b@b@@eu&ﬁ@‘éﬂ?ro&ﬁﬁhty DehbiguF enctiop,. aﬂr!éﬂ'lr@ueretdluadvmfyprbbattllHXEr '

. det ect t t t h ta .
Compr i SPh8 TGt BagiobedEe s, PeubBNG to o b BRT A rBRET °
© strengt Bsvigd, basécloasmemaesmnamgmmedeueetmec[ Elgnalestrﬂmgtl'eof a tfiegd ooeeweand

coverin he case nmet hod formed b o, :
exanpl e 6?5 i the é\h[?? 'ffg n'8°%ll°§opt ht Q’&‘ié'ée \ﬁﬂré?sé%f‘ﬁ'ng r%érle \é}\??ceé%g |
exapp| estrddiih iin- the gustesdigcted loedtibngoaist eorfiainingr thiei-fst obs@ve® Giddsisanesd. -
: dat abase ‘seryver

B L

tines baserkiNss wdtep 1doinFiguréhgpr vati on-data to col lect nore - t han one . -

__prellmnary storey estl mate and seI ecting as the storey estl mat e the same _
storey - _ N
_ _Thlrdly summing up first values calculated for the selected Iocatton pounts in. the radlo map. o

30 of one storey, wherein 'said selected Iocatlon points all contaln a common observed address, - - _.
" to get a second value and fourthly calculatmg the second value for every observed address_' e

that is common (For example th|s relates to. step 1008 in Flgure 10). .
| Fifthly, summmg up second values calculated for each ‘storey of the building to get a th|rd
35 value (For example step 910 in Flgure 9) and s:xthly selectmg the Iargest thll'd value asthe - °

storey estlmate (For example th|s relates to step 912 in Flgure 9)
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exanpl e,  this relates to the stfeps arat us ‘€oves 397
t he description of flgures 1to .17 may. be descrlbed i n-anot her. manner as
f011loWs. 30 :An apparatus for deternrnrng | ocation infQOrmati.on of a posrtron'
in a nulti-storey building that conprises the follow ng conponents. -
Firstlyrha rﬁ@tﬁaaymbfqurt@raémh;mseasm;;yméf biesphvede sodrgssdsamith dranancedrofve

and Ahe |'i’ke) 35residin d 1 20
A uro delesta ragsc HBRUSr68s 1) FPEYRTE & Biect TR v A ERTVER (BHE dat o
conpri Spﬂ% ST Esen rtdrresrﬁﬁ@n fld 6P tHee step of selgctingadre of mbecetation pibﬁhts

Novenb 011 (28. 11 201
re\cgl VESO@PQFH%ES '"set?lésﬁ sgdé’feﬁﬁﬁ? g‘i égg@%2173%g?l%@'%h%%&%g%?%&rgﬁh@%on

- posi ki ani(quQfonqaf%rﬁgl tRe séré@ted 802rien fddiesses Qv)th vaﬁﬁmruildgtecﬁeddacahasﬁgr(dtior
~ exanple 1630.in '

: gure 16) for each st |Id|n ,
~’a radi osrrwgﬂmtrat @)@Hﬁt“etheﬂ%dqt?fmeé{r '%ﬂﬁe or QX%FQ]? rélages tP(?EethSSfM °
. .' poi ntsFyd@,réb)e ‘respective:- starey-of the buildi ng, each location point
Conpri-sing - addresses and mean - correspondi ng received signal strengt hs of
~wireless access.points detected at the location point and coordinates: of

‘the | ocahk Q*Hetlhgd nr"naf "?Qﬁhe@xéﬁ?ﬁ’iﬁrﬁe febéiving ediReaatidD datae parel&88lyi frorfti ayumabild,
1002 in Figure. 1 112 in_Figure 11 and 150 i g hy,

pr oé@ssﬂﬁyc%r'ﬁqategd:@tr tt@(a%qlqg '"1%‘@2 Lint,qrqg, Jt?r g%yatlpar&]asﬁl‘@E{W'ﬁﬁgo‘#&eﬂﬁ rmr"e

L;’;ﬁ;: oadia hlbggsséraﬁd’el Bt eéss%%:H&rsmgg bsséw&ﬁl004recedea@@'nasamgfrrscnﬂwrtwesrsaaiacessnmnte For -
0 sle in ure :

(For exéﬁﬁﬂc@d bysthe mobiridguiFe a1 BF RASYOBA™ e, geﬁa[r@{lpr tfpflqgoy]ggf é&%ﬁﬁg doit

where the method is performed by a‘server such as the database server 106 in Frgure 1)

25h3_-,\/i.'n-9 the lar QESt thi I‘-d- val lﬂ?ite opreg’llﬁ Birﬁoqg %Arll?g IQQHH?{’C’P/EGMI% 3%;

15 The"method may further compriSe detecting observation data at the p'osition"' the oBSeryation N
| _ data compnsrng observed addresses and correspondrng observed received srgnal strengths_
| of wrreless access pornts detected [For example step 902. and coverrng the case where the |
-VImethod is performed by a-mobile. devrce (For example 102 in Frgure 1) and also the case .
where the mobile device (For example 102 in Frgure 1) is acting as a server like; for

20 . rnstance 'database server 106 in Figure 1

" The method may further comprrse repeating sard step of determlnrng the storey estrmate a-

B predetermrned number of times based on more than one observatron data to coIIect more_ '
_ - than one prelrmrnary storey estrmate and. selectrng as the storey estrmate the same storey
'25. i havmg the largest third value in the predetermrned number of trmes (For example thls

relates to the steps in Flgure 8).

An apparatus covered by the descrlptron of frgures 1 to 17 may be descrrbed in another
. vmanner as follows ' '
30 |
- An apparatus for determining Iocatron mformatron of a posrtron ina multi- storey burldrng that

' comprrses the foIIowrng components
Frrstly, a memory [For example a memory (ﬂash memory, hard disc: dnve and the Ilke)
35 .resrdrng in the mobile device 102 in Frgure 1, RAM: 1620 in Figure 20 and data storage 1630 L

in Frgure 1 6] for storlng observatlon data comprrsrng observed addresses and correspondrng o
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. and t he

. ste

storey estimate of the positi og, l@éf ?ebﬁ“isaslmgl&erzrﬁ‘x'g%s%?g@l’lacg%éizoﬁ%oo‘iﬁh

storey of the. burldlng t he' sum proba |l|ty elng calcul

i ndi Vi dual probabl lities of each observed address. contained i-n each °

sel ected | ocation point in the .radio Map-of the .respective storey bei ng-
det ected on the respective storey, -and setting the storey.estimte as the -
storey obsérhed re’t@rvledrslr@ahgtré‘rmtlnmgf rlulr@lhmacoeas weints detected it the positbrs(For

probabi | t e sai d i ndi.vidual ‘probabilities is calcul ated
bat ed -off* ?%Bre""‘l? argjlhre%z))bser ved received signal strength of said each

observed address ih sard each sel ected Iocation point” and the corresponding. .

oo e o 88Rhe 5 (5P HilrbB,TEA CRES 4 TE) SRnbRTE b OISRl g
st epS i huiiding reesdd mad (E6N exai‘rﬁ:lé’ et 2p|no’bgasrsr4jg>f tanpltlra(rtl?mf Iocehamrpbrets ih@be in

Figure 1 b fur er frg d, f mat e
of the- ;5%355’6{;?%n %aesyed E’h “B'lﬁ e%;aci\/'org%tron \9§l ues B g Hg dlp %z%? esa%gf %éé}ery
seI ect edolresmtndmg rpceived srgntﬂlautrengttgs sﬁuthe@s lacoénseponetd cm(dei:rtedsat fha Id)datiom adi o
p-of the, estinmated.s reI &St Qart S

CERRure bR S LR PR R HRlo iBn sBH IR Skl B e e Bt 2

fram a- #1002 ér Rigureridgi 012 iafFiguné &1 end i1602 ImeFigarei16).map in-the step of -
”Selﬁﬁtlng one or nore |ocation points conprising the observed addresses :
the radi o map (-For "exanple, this relates to the creation of '
CP_LI STTh)rdlyBETﬂsrecesrso@e&ﬁt (Fepr Lexiatp{eot602x anpigaire &) Foi KelBitingr enel 6) -y be

fcﬁllgilaa%%l’ P'é‘ggf‘{lﬁél'sgrlmlﬁgf&blélgg’gﬁgﬁ%ﬁné%%ovrgmgg%frrgéet pfhEE ?’lpl;gett@?or 5

exanpl e,reletlesso steba0e4 it BigireetOk.r eat i on of AP_LI'ST). :43 Date of receipt: 28
Novenber 2011 (28.11.2011) PCTr/t &30t 11601) 033t7j- t|397 The - obser ved :
addresses that are not extracted nay be renpved fromthe Sel ected one or’
nor e5!. od'aelpwcerserngmrt((Forrexamlq)heoztrrlantgureHst) emytbe ddnéiguree &tri deteroining a

. GPLLIST_ 2). Th h
e gupteray et 8P Pe it B SRERbule's bR e AR B o B Fa R A e G,
nul ti - sty «ym bwdadllrty@eﬁrl_g)waltﬂﬂ@ieqbbﬁsumm@ alEhdr[vrdaaltmolmmlpres bfléxhaabded&04) .

The stepqf.deterM { ol + the
teps. aBofief Srataellif Bafh, ShPGe 1 BhoTBAE &' op ARl Wiid 1l IESG-ERRBRGSE, 1 1,
nay compeingeleteuted an thewesgective porey, Bnd setltryg thmstowlyaetstrmgte aasihagstoley of the :

bi | f: |
o2, shidto R T rb RN A, of 156 (Rleu b Ul BhoiRbE HerBhoBRR b Lol 2
of the .iafiidual qlmbabeutres Baszcllatad tblaeed:onrtbe porrelspmgdmgbtsbeemd reeermdvegnatr gnal -
oL Wkodn b Sl R AR ARIRARL T AP b SRR B et
sel ect edorréspoatiingmexni net:ertzems|gnal|srtrgngtl1&n saidstacbisslected docatidn @simt centaining.

pornrs BRgRRLS ShBt B0 pllEsd (o biat R b33 o el B S B 0

Csuefi ng Up first values cal cul ated for the sel ect-ed -l ocati on poi.nts in t he _'

~radio of one.stor e e i it ai n
oo e okebSirth 8 oo SFArhE, T804 RCEREIE I AL RO AR SRR PG
t he Secdettrmainge af posrmreeytrmdueemfvme pasitias dasérhtoni weobtadoave(rﬁgﬁ veluasrpife S

- this rel ates, | cand

“val ues E2PEP Pt% ??or}gggﬁg&;t%rag% ‘§P|]n?)ﬁonté r{g:;'selrd"e%ch OE% ({]% ss\slgl tﬁg (For -

exanpl € raditmeprgé itha wmtamecssteqeyglﬁor enantalegttmerélateamjthsrsk&plsluyFlgslefl ®Wting the

Iarggst third value as the storey estrrrate (For exarrple thrs reI ates to

The selected one or more locatlon pornts may be selected from a frltered reglon of mterest |n -
-th_e radro map in _t.he‘step of selectlng one or m_ore_ location points comprrsrng t_he observed_

' 'aﬂddresse‘s__"’ from the ra’dio map (F.o'r eX'a_rnple, 'this, relates to the c_reatiort of CP_LIST 1). "~

. 35 -The processmg unit (For example 1602 in Frgure 16) may be further conflgured for
' ' 'extractrng a number of observed addresses wrth correspondrng recelved srgnal strengths
- above a predetermmed value (For example this relates to the creatron of AP_LIST).

:'43 '
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~36The processing unit (For_exa e%fretgf@pqugr érkélnﬂ:lﬂliﬁﬁs]l?%l'i@%ﬁ?%{og LBSEL o

,fconfrgured_for“selectrng-the o] serve sses w.th variancere

recei ved signal. strengths that .i's beyond a’ predeterntned vari ance frontthe
radi o map -of: each-storey in the bui I ding and in the step .of selecting one-.
or nore l.ocati on points conprising the observed addresses fromthe radio
map, “ sel ecting the one or nore |ocation points conpri-sing, the selected.

observed 35addresses with vari f s
et e opamiod naa cspesibeLar AP UALPA T ST ERE AL 17 sy BhE 8R! Do

step 9 féLiothe creatiqrt of 202_1)
_ (3%6%& 55%%%&T5%E%r9€%a%ﬁemaﬁar alto}t:}s ;;ay qug?rpcr‘?s%sa recgserll( Izzgrll)'
exarrpl e, -1632 in Figure 16) for receiving the observation data wirelessly

'1;:)8 r.at usl?%étgn {ewqust "Q%trgdioa’t'ad fror esa@hpleomz in Figuee Bl miaglibedfilteredebasedt he

server. (For e -
‘The apparvanruty Qf@ypf@dﬁ‘ﬂﬁp%sé'oﬁ ip&te @t‘ *or@l:g?'d Zﬁgl q@ééﬂgﬁe%r{%lﬁ?gwfg) 1120r'
det ect '1'?@2%“81‘1) ervatlon data fromthe . Position i e. the appar at us may- be
a ‘nobi:| evice '(For exanple,': 102 in Flgure 1) and also the case mhere
}PEGSDE[:.P]:’eltdegI ce (For exarrpl e, 102 in Figure-.1) is acting as a Server - -
fadégé'rm ésﬁihté@éoﬂtﬂépbﬁtr&t @ayeomprrsﬁlﬁhetqms@@é@'@wﬁi uni t
- (For. exa s]ég;? 1602 1n |gure :16) may be further conflgured for~ repgatlng
;sarrtgssa%pegf determ ning the storey estimate a. pr edet er mi ned number - of .
- bretim n%ry ,g O#Eg{/ﬁrﬁ E@Q stR&y @&ﬁ%ﬁé’@tth@rpoﬁaéramhgo combtigrthe followingstepone -
-storey having the. largest third.value inthe predetermn ned nunber  of ti nmes

(For e :
and ot ﬁ{éﬂéx a""lréﬁ‘mé@Q{: gsnﬁqj@?ré&blhméﬁﬁtpi’c:mahdﬁ guirst vajue iddicativayof meehabilityat i ons.

" locati oot a3 ﬁrbesetl&t?lledrlOQﬁtrog Orpmé's‘?eﬁélgﬁe? ﬁocg 'ﬁﬁerln?%g%Pg@? ‘{)ﬁgt{@?’hgf hﬁe&ﬁgs@em "o : |
- 3{“8 5 & idvel BEsdl bn hﬁé/t;argestptsﬁd.u@%eéma@demeafs@m sabmgte ddeots! Besprved
osureto er Wt h drawi n refore ct sn Q- reREivid ngtood

“that . trmidnﬁShtmdtl@nﬁtlStapp‘a@tat’ tlscqt'er Rfl’g'ttegr'l‘n ﬁle nef TESRYq s Mea ltf%n'fvor | on of
2. post LLflalry rrﬁtﬁ@l'ft Q&Y uaat.brdl;raﬂwtusonmmng Qhé)érrelstl absepeed addrses.adsie

- de Cont
b;f;grw;,,gdd.yng‘a.gt;ggéhgggg;‘a.ggp é?ggg%e;gﬁ tegrocarrgndtt hiipgantie to

' thrs relates to. step 1006 |n Frgure 10).

.20 _ : _
o Thirdly,- summrng up flrst values calculated for the selected locatlon pomts in the radro map B
~ of one storey, wherern sard selected locatron pornts all contarn a common observed address,
to get a second value and fourthly, calculatrng the second value for every observed address
_ ' that is common (For example thrs relates to step 1008 in Flgure 10)
25 ' -

Frfthly, summlng up second values calculated for each storey of the burldrng to. get a third
"value (For example thrs relates to step 910 in- Frgure 9) and sixthly, selectung the. largest'

thrrd value as the storey estrmate (For example thrs relates to step 912in Flgure 9)

30 The processrng unit (For example 1602 in Frgure 16) may be further confrgured for:
"'.selectrng the observed addresses wrth varrance of detected received signal strengths that is
- beyond a predetermlned varrance from the radro map of each storey in the burldlng and in )
_ the step of selectrng one or more. locatron points compnsrng the observed addresses from
the radio map. selectlng the one or more. locatlon pornts comprising the selected observed
'35 addresses with - varrance of detected - recerved srgnal strengths that is beyond the

_ ' predetermrned varrance (For example thrs relates to step 904 rn Figure 9)

a4 -

i mate, and selecting as.the storey estinmate the: sarre o



Cate of fecelpr: 26 Noverber 241 (20201, PO, EoR2E0 AT A IS

1. A met hod for determnlngloc an" k1t orrrat on" 0 _
mul'ti-storey buil di ng, the nethod conprising;- retrieving observation -
data conpri si-ng observed addresses and correspondrng observed received '
signal strengths of wireless access points detected at .the position from a
Menory; The apparlatﬁgﬁrﬁdyeodnﬁmrsefwrrecer&em(Fsr exmyplef 163?elnbij®¢f§|1r% far rgceivieg B‘Erraﬁ .
conprising a plural ocat i o t Ng:9& the -
bui | i repeenGiba daia whtley LS roBLf FeHbs seliek e ??E‘?f‘nté‘e‘séd@‘e‘fs%s and

cor r esppRdipparaiiRanay be aiserdr (Fog aaamplerwgbm Sﬁfvevvﬂe ireldigurgcldess points-

detected at the |ocation -point and coordinateS of the |ocati-on Point;

sel ecting .one or nore |l ocation points Conprising the observed. addresses
fromtheng agﬂyé}amapmayd@irm%era delectos (Fur examplei r‘tﬁftﬂelno“flgt@fﬁewp(fﬁ idetesting {he

calculatin sum py obabi | t for ea
' probab, PeENaen iR arB arepeny & ks aR faye 3 ARLRY Uofe har efinp

each obsegs wetguredyBaAs alse @ cdsearhere ttmaobbnteeieemee(aon exémpi®i0gH Rgurerl)ihe
.radio map of 'the r rﬁgefgtgrlg\s/tgpa%%[a%ag?8Qfge'd1ed6eﬁ rgqr the respeéctive

.' storey aglng as a server estl as the storey of t he
bui | di ng.havi ng hi ghest val ue of the 20calcul ated sum probabi lI'i ty, wherein-

. each’ of _sai d indjvidy robabllr S c NedrkBured f
cor 1&spdheti BcSEer V@ﬁ F‘gc%’f%e %(liglh F' gﬂr?g?hﬁhfﬂs g%égh"a gLerrevec?r
addr ess répeaﬁﬁ’g daaqép %e|d@tehﬁlihrdgomat stombypfmtlntateaacbfeﬁﬂemﬂ@b@p@ﬁéi ﬂbt"ﬁﬁﬁn

: d | st th I d t
Sar - cagaeashenrpRl il ores oavatoR Gila B FfEG moRE e B B ap ére Eg

method feufirhiel ar@é@ééﬁﬁg rag the storey. estldﬂteeﬂtmsanwgst@repbgvrng &e I@rgeptntg[r@vajpet he -
Postt | o Ba A e B %‘%@F ¥%'5 ?'sgtt's %%t%é@""teﬁarﬁé '”e‘*‘tttt.sieké‘;t of
t helgst imated storey. 30 - -
"~ Many modifications -and other examples can be made to the method and apparatus for -
determlnrng locatron |nformatron of a posrtlon in a multi-storey building by those skilled in the
art having the understandmg of the above descnbed drsclosure together with the drawrngs :
- Therefore it is to. be understood that the method and apparatus for determrnrng Iocatron'--.‘
20 : mformatlon of a position in a “multi- storey burldrng is not to be fimited to the above descrrptron ’

'.contarned hereln only. and that possrble modrfrcatrons are to be |nc|uded in the clarms of the -

drsclosure
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ﬂe—m—as cl ai mad in cl ?atrr% rece )t %Nolwi ibe Sgﬂ ?@'192@?#%/%&0(?{}%0537

.nmore [ocation points are sel ec fi gpesyiL WUP:W
radio map in the step, of selecting one or nore- Iocatlon poi nts .conprising

t he observed addresses fromthe radio map...354The nethod-as claimed in. "
clains 1, 2 or-'3, the method further conmprising: - extracting a number of :
observmgresses ‘Wi th corresponding received signal strengths above a o
‘predeterm ned Val-ue. Date of receipt: 28 Novenber 2011 (28.711.2011)"
PCTOS2( 1. 13..1280(1./337jui .97 5. The nethod as clainmed in.claim4, -wheréin
tS Qle O?agr vedq ﬁh@ﬂ'roﬁa‘ére?etérhﬂhmgl@aﬁmt informatioractt asglositian ineulticstorey BLIdRg,
selected one or nore |ocation points. .6..The nethod as clainmed in c
wher ei 1he method GOBRNEINS nterest in the radio map is filtered based onI a m
Vi ckhi ty of rariBliny| SbserREch tdaa ¢ommisingl bbseved eyddmsiskeli angl corrgsprindinget hod

as clafned in any one t he ced I '
storey °@§?Wﬁﬁt@e&edﬁ'ﬂé‘a&6§?'ﬁﬂg§n§d’ﬂtﬁﬁg ﬁ%ﬁ%sn&drrlgggte?ﬁaﬁpat%}egﬂ@%t?n’ﬂd?n o 2. L
Frob?b%?,ﬁyt Dgnsl tyt Funct:conh a first value indicative of probability of a- .

Irst selecfe ocati on t he sel ect ed. | ocati.on t
of t he- nobi 178trig¥Yac for etlosy nbe Wla'@gpan@ﬂ?g"%gsgér@%%%rﬁegeélve g?rlgnalon”
FS)E)IF ﬁ?gtl&aa‘ﬁ%rﬁ ofnits Mt thehesiecedt &dd!yeﬁ?ahe bt:llldlrtgefrdim rssdatabase), eacletbchiirapdion
: an e correspon mean d '
DOl B oo A cab B ATy Pt Foeetied gl bR e et
;Lﬁﬁ%' ﬁ;;lozﬁgs ]@Stebltéﬁ at Itrreﬂbcatelhqbemt Qlﬁcd ec?cﬁbrnatﬁe obfhetldstmtrselpemt ed |l ocation poi ni s:
: irst values ca te r-the seI h
radio map ofSEHHEENS CF&Y, m%ﬁ?‘éﬁ'ﬂ"?&l SRR %%e?\%(éa%dof S%glﬁ%lwcHgﬂta ﬁ
-a commydighsgy;vecVaddress, to get a second vaI ue; and- cal cul ati ng the

second val ue for every observed a ress..that is Common; 20: summ ng u -
second val uedeteaIRing étst-ﬂielf B‘T't'"éaa%ﬁ F@P@Vo%syt he building to get agt hPrd '
val ll5e and calculatrng a sum probability for each storey of the burldrng, the sum probablllty being

_calculated by summing all individual probabrlltres of each observed address contarned in.
each selected location pornt in the radro map of the’ respectrve storey berng detected onthe
- 'respectrve storey, and = _ I '
" settlng the storey estrmate as the storey of the burldmg havrng hrghest value of the
20 calculated sum probablllty ' ' _' ' N
" wherein each of said mdrvrdual probabrlrtres is calculated based on the correspondrng
observed recerved srgnal strength of sald each observed address |n said each selected
-Iocatron pornt and the correspondrng mean recerved srgnal strength in sard each selected.' |
. locatron pornt contarnrng said each observed address. - |
25 | ‘
' 2.7 The method as clarmed |n claim 1, the method further comprrsmg _
determrnrng a position estimate of the position based on werghted average values of*
1 coordrnates of every selected locatron pornt contalnrng sald each observed address in the. ’
o radro map of the estrmated storey. ' ' o
30 | | | o
3. The method as clarmed in claims 1 or 2 wherern sald selected one or. more Iocatron
pornts are selected from a frltered regron of rnterest in the radio map in the step.of selectrng_

one or more location points comprrsrng_ the observed addresses from th_e radio map.

- 35 4 "~ The method as clarmed in clarms 1, 2.0 3, the method further comprrsrng _
_ extractrng a number of observed addresses wrth correspondrng recelved sugnal"
' strengths above a predetermrned value. -
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'Selectlngthe Iargest th|rd va e

clai-nmed ;i m any one .of the prelgeﬁloﬁbec%'l& 2ssdme e%rgatl (%Blgg?“?f%ﬁge/zﬁ@@(;&ui;
25conprising: - - sel ecting the observed ‘addresses w th variance of
detect ed recei ved signal strengths that is beyond a predetermni ned variance
fromthe radio map of - each storey in the building; and in the step. of -
-~ selecting one or norelocation points conprising tie obser ved addr esses

_ _fromthe , radio map, selecting the,o

Conpr i i-ng_tHhe @ethedtasicagssser e éu&’ﬁsseé'béhe o%s.'e egfls‘gdﬁg%egg h%l&te%gcrt‘cgd
- recei vegysi@hale BhvBbom thbatletted beyonthardilocptierdeins.ni ned variance. 9. The
met hod as , .clained-in any one of the: precedlng clainms, the nethod further

, comprising:, 35receiving observation data wirelessly from a nobi l e device :
I ocat ed; at . they Remblii8tidired erSlémbﬂl\Jvlderegt,thelnegrOIbeB'nm¢3t<'fn”'@a‘?é'°mﬁ)lsl sing

observed addresses and corres ondi n e Fec 28 Nov
enber 2011
(28. 11.fiteter) baspdpri GGty of 80 S'ppshf oﬁ)wm@yﬁﬂtﬂg’fﬁob%erved recei ved.

signal strengths. rofiwirel esS-access poi nts det edted by th '
“at the position. 10.The method as cl P y the nobile' device’

cl ai ms,7t he Tha Methog @SCiPes RARY IS %dhe Blftcgé' Sorrg?ejsﬂggr ?/%F?bg&ggﬁglhgt the |
posi ti OQOE?P%gt,,qQ@G‘Jf d;g&n,oq@bmpﬁgﬁ@rr sing . observed addresses and . .
~correspondi ng- observed received. s n thfs JM el ints
detkct ed. 10dalcutaingnesinda Psebabllisy Bs'ly teelotiner “S‘t‘ﬁ’é n#e?ﬁgtﬁ’%f :pfﬁ’%%"'ap
g?gg;'t Zéfﬂ?;‘]lg Otl selectedrle&%b:cﬂggégglgcteae@catbnctmtm rhsermgrtge tpositien of the egbllemat e a_ .

col | ect dexes bepeth opribe SPEESARNHIRS %5?@28;}8@33‘{%%9%%3358 fVaaf.HSPBb%%&t
stor ey gddrbsg"lne tHeNfrsb §€l€ct§§l Qb&itioh Pditdarich thd esrgespbnding rmleanatasl:ervedt Stgm@l '
o strength i in the first selected location point contalnrng the flrst observed address S
' 15 N calculatlng the frrst value for each one of the selected location pornts .
' . summrng up first values calculated for the selected locatlon pounts in the radlo map of '
| one storey, whereln said selected location points all contaln a common: observed address to
' '-'_get a second value; and ' ' '
i calculattng the second value: for every observed address that is common;
20. R * summing up second values calculated for each storey of the burldmg to get a thrrd
| ‘__f_-value and .t e e '
' selectrng the largest thlrd value as the storey estlmate

8.  The method as _claim'ed: |n any one:."of_.the prec_eding'c':laims, the m__ethod _furthe.r'_'
25  comprising: o l‘ R R o _
selecting the observed addresses wrth varrance of detected recerved srgnal strengths
that is beyond a predetermlned variance from the radlo map of each storey in the building;
. and in the step of selecting one or more location points comiprising.the observed addresses
_ __'from the radro map; selectrng the one- or more location pomts comprising the selected
30 observed addresses with varrance of detected recerved sngnal strengths that is beyond the '

_predetermined variance. -

"9, The method -as;;claimed in any one of th:e'-prece_.dlng claims, the method further
' compnsrng L . "
- 35 S recelvmg observatlon data W|relessly from a moblle devrce located at the posrtron in’

- _.'the burldmg the observatron data comprrsrng observed addresses and correspondlng .
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-15predeterm ned number of ti e g, e be %elpta# I;eantl %?241?(28(:1?51?1 W&/Q@:t}lﬁ/&%éﬁn '

.information of a position ina rruI USL/0UU397.

corrprl sing: a menory for storing. observatlon dat a corrprl sin observed
addresses .and 20observed-recei ved -si gnal - strengths of wi rel egs access.
poi nts detected at the position; a database for stori ng;. for. each, storey in

‘the buidediRgq réceivedi sy BSRIR bShirdess gucessapoitty defectastiby thermplierdayice
th
respective storey ofsq‘t he building, each . |ocation point corrp??sl ng " ©
addr es%@%ﬁﬁf'tlﬁ?@an correspondi ng received si gnal strengths of wireless

agg:tssoﬁSBgl nts “det SCt ed at the |ocation point and coordinates- of the

_ int.;: an rocessi-ng,uni s

-l ocati ¥ poi Hes mediesr 2% |°l?¢]“?‘ﬁé’$ @B¥eqr\‘?e gladprggédlhg %bﬁtgtbggwggl%g%nggy t(:a he
Progessi. rlst,l,@lt bei ng configured for determning a storey esti rrate of - the )

position by calculating a sum pr gtlb S&sé foI = rt

bui | di ng, 't Hietskiing HbselaN ¢aj2 Ble?t‘?gooé‘éthtfpg éaerg EUTm 1y g”%? { Rdi rVed’ual

pr obabi dddrdRes %d%ﬁbs;szl@raﬁt@vwéewédrrec@/euomgrml steegthns oEtwieles! acgesd poigisat on

point in-the radio map of the. respective storey being det ected .on the

r espectdatected.orey; and settr ng the storey estimte as t he storey of. ‘the
bui | di ng havi.ng hi ghest- val ue of t he cal cuI at ed - sum probabl lity, 35v\here| n

each of said iIndividual probabilitjes is cul at d on the -
cg(rjlr()espbhdl nﬁh%b@mod@é q‘%%‘i’ {redaigy %ﬁ%ﬁm? l(ﬁ}l? 8$rq8§$§§:each obger ved
address 1n S@IBCT@@CGZ01 biedbtetAnhing Qe sm@/ pétima28 aNredetoeming@ Tumber of -

( 28. 11: 2011 00397 rt.
times’ based on more than one observatlon djaLta to ¢ Ilech:tJ rln%rgthan one preltmlnary storey . -

- estimate; and ,
selecting as the storey estrmate the same storey havrng the largest thlrd value in the

15 predetermmed number of times.

12, ‘An apparatus for determlnrng locatlon lnformatlon of a posrtlon in a multl storey |
building, the apparatus compnsmg ' T ' o _
, - a memory for stonng observatron data comprlsrng observed addresses and
o 20_; : correspondrng observed received srgnal strengths of wrreless access pomts detected at the
. posrtron D o o ' '
‘a database for stonng, for each storey |n the burldlng, a radro map comprising a
”plurahty of locatlon points in the respectrve storey of the building, each location pornt '
compnsrng addresses and mean correspondrng recelved srgnal strengths of W|reless access :
- 25 -pomts detected at the Iocatlon point and coordlnates of the |ocat|on pomt and
S a processrng unit for selectlng one or more Iocatron pornts compnsrng the observed
'addresses from the radio map;
- the processing. unit being confrgured for . _ _
deterrmmng a storey estrmate of the position.by calculatrng a sum probabrlrty for. each
_30 storey ‘of the | burldlng. the sum probablllty being calculated by summing all mdrvndual
) probabrlltres of each observed address contained in each selected location pornt in the radlo i
map of the. respectlve storey berng detected on the respectrve storey, and
_ settlng the storey estimate as the storey of the burldrng havmg hlghest value of the _
calculated sum probablllty. _ e '
35 wherein each of said individual probabllltles |s calculated based on the corresponding -
_ 'observed recelved srgnal strength of said each observed address in sald each selected
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the CO”ESF’B”&“ e”ﬁﬁﬂ; N Gifile ‘?tﬂ gggl)u?%&egg{o%brlbs&a' d

each -sel ected Ioca “tion point -con sal eac @83 L/uuusy7
13. The apparatus as clained in claim12, ‘the processr ng unit being-:further
configured f.or determning -a position: est-i mat e of the poSition based on
wei ght ed average val ues of. ~ .. coordi nates of —every selected

| ocat i f el %Bmtcé?ldt Rk ruoﬂgs&ﬂlcﬂhgemébn obchvedesigmad ditresgthiim sFkeeach reetficedrap of
the esPrimte storey. ~1014. The apparatys as clainmed in clains.12 or 13,
wher ei locatincpaindcentataingsiaid eRchRRSENVEE 24 35 % points are selected froma
f_rltered region of interest in the radio map in the step of .selecting one.

or. nore:l ocation points conprising the observed. a dio
map 183, . Thbe appalasas daimeddn rﬁ?dml{t]z (t,heaf"r?é;eising ﬂ&{ Sélﬁqjurtt{eﬁgb Iﬁ'ﬁ%‘ééefsr ng

d$ z further 15configured for A .. ~ extracting a-nunber of observed
addr es

ds with-cor respondi ng recei ved si stren _
pr edet er mi nedtevraining.a Q@'tloﬂtﬁ,ftlaﬁﬁ?a?fatt‘ﬁfoﬁ'gorc L%?%?P ‘%@ﬁ g%&g%g@ vaher eolf n the

obser ved S SiAE¥drit&ifin Csaweacteobnee@dfadﬁmstshé Belected
~.one or %?2% egcozfeﬁgw"é%?cﬁ%fld&ﬁon %he appar atgus as claimed in claim 14, R
- wherei maduhmape:gtlwmsomalelﬁitsé@r@ﬂ inthe radio map , is filtered based on
L. viel nity of .a- ‘previ-ous positi on | n a nul'ti-storey. building. 25 ,16.The
" apparatusas cl'aimed"in any one

42,40
-~ defor nitai ng ThesAppREuL S iclsmned &y cI@ﬁ'@s Iﬁsqrtt Mh(e&%]sgld sélgctéd BRe Qll' more

cal cul n n rhizt fiiteFRN&Igion dfuntetdsom tha. radlrp mgap rlﬁathe,létep of
i ndi ca??‘t?é'gn Pgﬂso ggserelrcfét?lafpé ol fifteRaNEg -

ty of a first selected |oca pntad
| ocat i csrelqobngwlse tranerg leqadiop eeints MRSisIngyt l’l"eoﬁ% a%e%%cegffro as 2%6
correspondrng observed .received srgnal strength of a first. observed 30

“address in the first: sel ected ] ocat] on t rth&an
recer vetb. si. girel apparatigas siaimadeint plaigs 4 gtoé 41 |r§(% %)@ ﬂ"itmg(%%al ni ng

f| rst ed address; cal cuI ating the first val ue for eaCh one. of ‘the
seI éct e‘d’n qﬂgﬁ\én poi nt's; f| rst

f
‘the sel ect edextractng ennyabert &f Pﬁsqrh%d ragnH}eég‘ﬁ% rhees\égwﬁ I’(éé)év\ité'Jil er gfgﬁglsarod

sel ecte t |a,lr{edc\;gmrc.,ar n" a conmmon observed address to 35get a
second ? elngﬁﬁdb%e Q%lé?feferul ating the second value for every obser ved

address that ‘i s. cenmon; sunmi ng -up:second val uées .calcul ated for .each stor ey o

of the P é' H d‘lh@ap&r&ﬁs a8 ddithed rrl/élalbh?’lS armbrern the’ observed addresses that are not .

: 20 extracted are removed from the selected one or more locatron pornts

- 17. The apparatus as. clarmed in clarm 14, wherern the regron of mterest in the radro map -

- is frltered based on vrcrnlty of a prevrous posmon in a multr storey burldrng

.‘25 1 8 . The apparatus as .claimed in any one of. clalms 12 to' 17, the step of determlnrng a |
. storey estrmate of the position compnsrng T . '_ R '
calculatrng, usrng a Probabrlrty Densrty Functron a frrst value mdtcatrve of probabllrty _
of a first selected ‘ocation of the selected locatron pornts being the position of the mobile o
S devrce based on the correspondrng observed recerved srgnal strength of a first observed ’
30 address |n the first. selected location point and the: correspondrng mean recerved srgnal
'. strength in the first selected location pomt contarnrng the first observed address
calculating the ﬁrst value for each one of the selected locatuon pornts
summlng up first values calculated for the selected locatron pornts in the radio map of '
| one storey, wherern sard selected locatron pornts all contarn a common observed address to
- 35 getasecond value; N |
' calculating the second value for every observed address that is common, summrng :
up second values calculated for each storey of the burldrng to get a thrrd value and '
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Date of recei pt : 28 Novenber 2 1
/JULL/ 11/ 1JUL)577 sel.ecting - thgl arrg;‘i’cee t]flztshr rd'Z i asqg’#é) 8@%@1 993117%&7

19. The apparat us as clainmed-in any one of clains 12 to 18, the processing.
uni't .being further -configured for "~ selecting the observed addresses
wi th variance of det ect'ed received si gnal strengths 'that. is beyond a '
predet erm n%léﬁﬂﬁ? #iRA8rgbsIand Melug aslihe starpy eftineateh storey.in the buil ding;
3and_|n the step of -sel ecting one or nore.location points conprising t he
observed addresses fromthe radi o map, selecting the one or nore l.ocation
poi nt's @ONpPrire Aghardtes aelcrahed inameonedt dditise$2 &x 19 thh pregeissing eniifoeinst ect ed.
. recei: ved srgna{gustr ngt hs: that is beyond the 10predeternined variance. L
. 20. The H &K | aimed in any one.of claims 12 to 19; the. apparatus
conpgr i si ”9 selecting theaotfs@ﬁt%u\a@ﬂre‘seés wm%nanng of. uaegtbgeemd@mnaastaengths

wirel essly froma nobjle devjce 05 '1.5.'
21. “Thdhabipdesenda geeqatelry rarr'aaﬁ%, 8’He %ta‘sc "?Ps f%’l ﬁgt%x’ P"hﬁgt%'%g 2’? us.
gggﬂ: 22!}]&918 2tlﬁ‘e g Qﬁts@kcﬁny orfkeérerﬁbrlelﬁgcattrbe pobwcompmsmg tiatohsévedratresses
. - ratus,.as clai ned

bei ng ‘fieroHEe fé@‘ﬁf maﬂr g‘%e‘%‘ﬂoﬁhe OWEeBthct"hdo 'OH %‘t"]etg cg#npﬁgﬁ éﬂﬁngﬁsr%ln cﬁm t

st orey Ssdeh/aRt RicfesRES dathaafhngdofdsited dcelvedmigriahsteehgtirs et is tzeryand e
observation data tO collect nore than one prelinminary storey estimte; and :

sellé)ctrﬁ’fgd%”t‘_'ﬁéds?rdﬂ"é? ‘estimate the same storey having the |ar gest thi rd
vaI ue in the - 25 o .predet er ni ned nunber of -ti rres "

20. - The apparatus as clarmed in any one of clarms 12to 19 the apparatus comprrsrng _
a recerver for recelvrng the observatron data wrrelessly from a mobrle devrce Iocated

) 3 atthe position in the bu1ldrng ' ‘
. -‘21. The apparatus as clarmed in any one of clarms 12 to 20, the apparatus comprrsrng

a detector for detectlng the observatron déta from the posntron

_ 22. - The app'aratus as claimed in olaim 18, the processing unit being further ,configured
. . repeatrng sard step of determrnrng the storey estrmate a predetermrned number of:

trmes based on more than one observatron data to collect’ more than one prelrmlnary storey-:"‘_ |

| estrmate and Co : : .
selectrng as the storey estrmate the same storey havrng the |argest thrrd value in the_'

25 _'-predetermmed number of times.
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