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METHOD AND SYSTEM FOR MAI NTAI NI NG A DATABASE OF
REFERENCE | MAGES FI ELD OF | NVENTI ON The present

wo pwents4son broadly relates to a nethod and sysPERsGmN9/000198
mai nt ai ni ng a database of reference inmages, to a
nmet hod and system for image based nobile information
retrieval, to a data storage mnmedi um conpri sing code
means for instructing a con‘qutl ng device to exercise a
nmet hod of maintaining a database of reference imges,

Nﬁrgﬁcg??ﬁggpzsgmm P@Rtmmmmmlelpg gﬁgﬂgAmﬁi\ﬁ;ErOF
for imge basedwngg$ﬁglqggmA§1€$et rieval .

BACKGROUND As nobi |l e phones are becom ng increasingly
' i vering personalized sen/ices to a
F'%’b@%ﬁo{mggi enrergl ng as an |rrportant growt h area.

: %E“i;% {%ﬁ%ﬁﬁ“"g" il §§ 4% ar‘g%%ggﬁ@@:;“ﬁs;uz

infbfHf: I means for
indMERirY aldoARARG IRy % Cexerei §t:ﬁ h8f'o ﬁﬁ/ dt f
wﬁ%ﬁe&“%”““ﬁ%afesﬁmlﬁ w € S il
:gfbﬁféfomg{ng{)jgéﬁngprl ses recc))(gnl Si ng tﬁlie5 I ocat |a<9ne bﬁseq mebne
This can be done in several ways. However, the
conventional methods for |ocation recogni tion have

BACGREBROUNDat i ons, as described below. In one existing
t echnol ogy, @ obal Positioning System (GPS) device

- baged ragsliew grohess aret \b@édfmﬁyswa@ast?@ﬁ,edwﬂe&;t}egé adefivering
pet@ﬁdhzts@ SERacHS! 10 éhﬁotﬂéefﬁho‘h@ ik aedrging =0f a iriPsHant growth area.
Proding ioaatiohespegifi¢ infermation Rdbna sCEiSs&nieb) B | df8odafieMEpecific
infoisnatiogl érici ide athienoft the phace, westhad atl the @lachendhris,C tiasdrts, hotels,
restaurents, banki@dM, shoppiripesmires and batsesinentdasiitice le®S S

network systemtypically relies on various nmeans of

t ri angudf #ie siepsoih prinddiog ldceliarsrecifo alforatatiom bormhpridea secognising
theslpaatiooritself. dhiscah deldahe imgsaveel pags. Hoaervar thelenvatibha methods
fordeastior recegvitareigvetrhanydiputationspeatiessribetbbaowi nat i on

nethods have problens in accuracy and recognition

edroneaxistingriechneogy n@lpbaldtosiioning &ysiem &IRG)rdsvivenbased and

' WIre P naiweRK systama chaked meihadsere usedsio hgn@ﬁlsurmg.herrxnecxseelacalmon of a

Spafu eogajiop regpgaiiery Using & BBSeanableg mabiie whbeno s widesiteptain the art
andtwib gt ke disrysead hargbor-osetion Igeognitipaskaredton Ravirgdess. nejwork
sygigrg tgﬁn Iwrelf?gug(nn\(ﬁnop%a@@ns pﬁ@@ngmlg@nogﬁ%gelbl}artsp@al at mobile
bage siEfioflsi P qajculating thapasdion ckthg P ARBF% syst em

Anot her exi sti met hod conpri ses i mge-based | ocation

r ec We}'?l’oﬁ“let getsgl[l) aﬁlogrrf@tm) hgvegyroblems in accuracy
anide Pﬂ%ﬂe ] mﬁsa@a? (HRe IR RN ORAENtS tinidycing a
o sha r 3 ?-'8’9” ?}% QU re?lgv grfﬁqencql]e or redutctxon gf

9ng qe r|1 n aﬁme(n &g ﬁ.@g,n ay not reac
Thg}é g% % ﬁ ?'gé e H%S‘ %eé'&eﬁndtnﬁg"’oélé At |§10n of

?1 trhe? g lS‘tIOCatI n,of the robo

e ”ggﬁwcgﬁ%oaﬁ?on thet

el iad el T othe
OH)IZ f r9 ¥ Co%i \ﬂgé‘c &t fo IC% ad c\éﬁy roaps %tl é rok;ccl;‘t‘r
Ee e r 3 gl’asszstrton ?'ﬁ cg:;rergsejac&g %of the

appearl ng at the

Another existing method comprises context-based place classification/
categorization to categorize different types of places such as office, kitchen, street,
corridor etc. However, this method relies on the context or objects appearing at the
location.
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| ocati on. Anot her exi sting nmethod conpri ses web-based

pl ace recognition and information retrieval. In this
woreiobads41an i mage taken by a canera is used t oPQEBGZ009/000198

best-match image in the web. The systemthen | ooks for

i nformati on about the place fromthe web text

associated with the image. However, this nethod is

hi ghly dependent on the avabl ability of the

i nformati on on the web. Further, the information may

be irrelevant to the place and there may not be a

cor reotheneaxisting nMidiloes] canhiesises wgh-tlaeed placaatsicbgrtition and information
retievsb| la s mathedean Meéakﬂrebyat@n@at@uwddv gefiea bestendiduimage
in fhedwely.sTharsystem thaselkokso foi defperaliontabbutibe riane fodm tthe web text
asseninied pith Becimage-Sipavry this regteest igaviahty ggrendent onrtke availability
of thedaiprmajfontamdhgvels divrtheh ferinfopRationtisaybe igelsvaniiteithg piace and
thera maydopbe ﬁﬁpﬁ@%mﬁtwg'fa%é*@%ﬁéréb%feha@htépab&,e@ﬁ rrages

t he dat abase incl udin lurality of sets of imag

each 3e8d therefrs gxiely t EW'“@r?e”FH@St%”SﬁY%?mdb?té@?k tq ﬁ@dfess at
legsb P ef BB ARYUCHORIT e steps of : identi fying | ocal

features of each set of inmages; determ ning distances

each | ocal feature of each set and the | ocal

S%ms of all other sets; identi fyi ng di scri m nat ive

featlur esorf eac §t +foLomges by re %n al  ided a
iR e ’ggae i o
pufr f'@mt el éaewfé e@é&ﬁa ST 3 cviect ¢

m tﬂ'g el object; the
,gﬁﬁ&s&%ﬁ kAN Land extracting
fea R

n%érﬂ&é?h &P Bt hod; oBY, Eé‘{ L0E%he local
fe&tﬁ@%rdf%ﬂort Weisng a nunmober o ey

poi nts prior

ext TR WREriheRIY $SaturBReof’ @é&ﬁcéé’cgonFnabQ§ bgq@prﬂvu%f local
fe kB saH DNTRY dSRRInEE Qlidtar Q! gfy based key p

r edugdrirgnne EE@r:%ﬁﬁh%‘fe%ﬁ%g oKEXcHP&it ik lrﬁaegégct ion may

conpri se choosi ng one of the key points 1n a region

haviThg idedtif@he st the dsbalifeaturas nigstddachrigay further

conmérﬁ@,,ﬁga%gppm@saa,{wnber of extracted features. The

r edusdiragting febfdfes i e kéy soibtsact ed features may-

conprise a hierarchical feature clustering. The

r emhengethod! mayafurfheatcorgsisd asdtiana tiuen@de toé key pethts prior to
exthastiraniheJeasrayesconpri se renovi ng the [ ocal features

havi ng di stances to any | ocal feature of the other

set sSTHeowducinantre mamiser ofikeysiuiid mayheomziseva regiaf-based key
pdidcediudtient ur es based on the deterni ned di stances may

conprise:calculating respective discrimnative val ues

f or Téwcieglopdised kay ppiat sedustiprl meytcoexisd conosing one of the key
paifks &y avegioh bdvngabighestiiadiusenovi ng the | ocal features

havi ng di scrimnative val ues | ower than a second
The method may further comprise reducing a number of extracted features.

The reducing of the number of exiracted features may comprise a
hierarchical feature clustering.

The removing of local features based on the determined distances may
comprise removing the local features having distances to any local feature of the
other sets lower than a first threshold.

The removing of local features based on the determined distances may
comprise:
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threshold. In accordance with a second aspect of the
present invention, there is provided a nethod for

wo pgadtaased nobile information retrieval, theP@EBGEHI/000198
conprising the steps of: nmintaining a dedicated
dat abase of reference inmages as defined in the first
aspect; taking a query image of a |ocation or object
by a user using a nobile deyice; transmtting the
query inmage to a information server; conparing the
quecaiculathgerespédiive efisrienndive vages foheadrelcdeldieettre df said set

. basghat abthsaletermimesddistantdse andif or mat i on server;

i dersmdvjngnipetibeal ferteres daviog dissyinmnatiya yetiiesiowerther Begeond
thresffold.ence i mage; and transmitting informati on based on

thﬁﬁgdent idfi ed I_t%cati on gTri obajm?cqtaﬁ {hg t he uger. 'é_’he ivage

co Breroance Naelng8ePSCONAagRP oA t4! f BfeSRGEe IMMERYES
prayisiegr Bs meshase d¢fe §hagreinghed unohita dHpreation éethevaledte method
comerigj® &g stas ©hi ng may conprise: determ ning a_mni mum

di sﬂ‘@ﬁl’f@nlﬁ‘ét%%ﬂ‘:%% Hatabass PErSENe? BRITHes galsy n the first
aspgpkge and feature vectors of ref% ence i mpges of .Fa h,

| oc KNSR aieryinaes of alegation ﬁﬁ IS, HBIBP agpobile device;

mat ERBIMIEG (B gHey JXaee tha orglfggE SNFrer ej E match,

c ng[g‘f%%“%%’i‘?@ G e R TREN e MRS e Refiffd gotabase

coy P PN SRR hi :
ribbaiieheniels MU hat 5 e Y iR ok

t he'
€ nunber-ot ' na an

cal FAPYPIHNY | _ i _
ra Al chi t ,
BRI A st

an
ne%"h%e ion or object may conprise a nulti query user

ver ﬁé%@%k‘%’?nei H@omﬁmgﬁ% fddhidRgE: conpri se .

tr a'&%f@rlln difPa Eﬁmﬁﬁ%%ié@ eobgltlve_te &dcfeRbiuré §dchbP et Buery
imQ%eQ 4 Rk Qelidfs Uﬁ'@fere_n-g%mﬁ'%éé bf SBEPNYcatRBlor object; and

Ver IhicGatih@d Hifhef BIREIcRES idtidabl IctalENorlbgEY, | Mage of
wHeltSin| 9GREICRNcAhpritisefie Rinifeh WiRandeS bBohgt BRa@biHa® a third
thrideNsige and transmtting the new query image to an

i nformati on server. The nethod may further conprise

cal wéaﬁiimg\r@sh@Miagaa@ uhley ehe @bt thheshotent i f i ed

| ocati on or object based on results of one or nore -

pr eviineUfetBte ayi RGEcormilist alduaiting wevate ibaeere on Teenumber of
métehdoghdray aberabd efatcromnp diseece namaeint the miphesheste gompyises the
nelargag @ecigapourmendat i on to the user if the confidence

| evel of the identified |ocation or object is below a

f ourhe idbniifgingl af. the lacationdemelgecti by acontririsd aspeittquefy user
vetifieationesent i nvention, there is provided a system for

mai nt ai ni ng a dat abase of reference inmages, the

dat dihas endtimed wadyndurgher comprise transmitting a sample photo of the
identified location or object to the user.

The multi query user verification may comprise taking a new query image of
the location or object by the user using the mobile device and transmitting the new
query image to an information server.

The method may further comprise calculating a confidence level of the
identified location or object based on results of one or more previous query images
and the new query image.

The method may further comprise transmitting a new query image
recommendation to the user if the confidence level of the identified location or object
is below a fourth threshold. ‘ '
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plurality of sets of inmages, each set associated with

one | ocation or object; the system conprising: neans
wo eoovitgsamt i fyi ng | ocal features of each set of PCTYRGE®Y/000198

means for determ ning di stances between each | ocal

feature of each set and the |ocal features of all

ot her sets; neans for identifying discrimnative

features of each set of inmages by renoving | ocal

features based on the determ ned di stances; and neans

for storing the discrimnative features of each set of

i malpesccoltanceprtisa third aspent offthe presehbindéntoni theraisiprevided a
systemt fior eaintgining aolaiabdse dlocidrehesirnaass, g daigbase including a
piwidlify @fcets ©b images, oereh $eisasspeiatsd Wb @tenlocatiant or lobigst the
systemrcomrisigt t hr eshol d. The neans for identifying the

di seEans fritidentifyisaiqsabieaiwgs efaashiset ef imeggect i ve

di s81EaRp el dsiermyiaing«listeresdiivesn eash losat igplere pf eaghgset and
theslecalfaaitesd| Adhele®& ni ned di st ances, _and renove the

IocHleaf‘éaioﬁr@?”W&'\r/‘En ISERrBIOAIYR ﬁ%\?"#‘(ﬁé VE\I%?@E $Swelr Iraeas by
rergoWRg g f@ﬁP’é%?]BF%? hihg e diglepres, ang l,Tlrth aspect

of P’r?@“ﬁ ‘éfﬁ?fﬂ”q Y‘i‘@é’r‘ﬁ‘%”mﬁ“a’“t"ﬁ 3&“"9§ °6P89h §RlPTYMARSa

sgo %reéeq r| s corollrﬁl ftor[es' nstruc(%ven ealocal
fe% "§ g%?:g St oo §§an{% e S '8vvﬁaﬁ§ 3 first
I|ty of sets of inmages, each set associated with

ohe CahA b OBk & LR, SRIPrSi, caloiate
TR e L. tﬁy'?% égchf% sty s ﬁ%? Ty calculate
di

Idﬁ%@ﬁﬁ{ § s%%o ;Je \%t ?ﬁe oca%wﬁeat ur e %?' inative values
ot he |dent|

r sets,; ying discrimnative features of

eacly, é&zoraéndemgﬁ% leXrtH SEPUG egtﬂe%@éeﬁtmﬂfm th&e8d pRRYided
& sgﬁ 26 MeBREh BoSbANIAG Bod@ans B8rlimdruchify a computing device to
ex8icRe é%@ﬁbHV& fhamidihi '% PhHadBsLe RtreRferlcBBERGes,| e database

inAGERY G2PRPalify R Rt bf tRageP Gk et tdi8ofEREANEN one location or
obidtY- @R rdithod E@hridisg the@tépdest: a system for image based

nobiidentifyMPlobBl fefitird<LbiTdaeM 8kt oftif@igsy:st em conpri si ng:
NeargtdrMinii@ diaides eteesie dacnloedl #atabaseash set and the local

- feftafRrFROOtHarRges as defined in the first aspect; neans

f or idegigiinvg Bigcanmipivy featags of eacH estadi ages Wybjedriving local
fedtak@rbdegd anuthe detssmirgedadistalddseaaadvi ce; neans for
c onp&oringght kiscrimirgeivaifddiunes fof eacitc sstiahirgegesi n t he
dedi cat ed dat abase; neans for identifying the |ocation
or dbhjaectrdbasewitom fHthnastpehieof the foeesent éventiae thesa s provided a
sysean®rfroage baseshinbbienigfarmatiomeetiieval, ibs eysten cohprising:
i demoedriseigr hadrtaining @ dedibited tdatabaskef ugierence images as defined
in the first aspect;
means for receiving a query image of a location or object taken by a user
using a mobile device;
means for comparing the image with reference images in the dedicated
database;
means for identifying the location or object based on a matched reference
image; and
means for transmitting information based on the identified location or object
to the user.

In accordance with a sixth aspect of the present invention, there is provided a
data storage medium comprising code means for instructing a computing device to
exercise a method for image based mobile information retrieval, the method
comprising the steps of:



10

15

20

25

30

35

40

45

In accordance with a sixth aspect of the present

invention, there is provided a data storage nedi um
W@ eowpnising code nmeans for instructing a compupPCTI§G2009/000198

device to exercise a nethod for inmage based nobile

information retrieval, the nethod conprising the steps

of :receiving a query inage of a |location or object

taken by a user using a nobil e device; conparing the

image with reference inmages in the dedi cated dat abase;

| denddetwirigng quérg ilnagabt alooatiornby etgjéct ialsxmchyon usemesirghe chobile
devieéerence image; and transmtting information based on

t he coleating ihedmbge atthoefecence lihages indhe Hedioated daBRIES,

DES@RNBINgNh@RCHtiEN DR MiEBsEbo dimainhed wsfferehee image; and

i nvénmansoitting informeatidrelbassed anitieidangtet l@patioreerdiljget to the user.

apparent to one of ordinary skill in the art fromthe

following witten description, by way of exanple only,
BRIEH DEIS@%W]TUQMQBITI'W 'PRAteWb'Gtﬁ awi ngs, in which: Figure

1 shows a block diagramillustrating a systemfor

pr oERANEHE OF Higt inyentioacuill bePatise aﬁq’%ﬁwp@ %\grﬂeﬁﬁﬂlanapparent
to &@@o?foqfﬁ@afyos%\'h”‘emwﬁﬁé‘r falewing gescripfigiyshig way of
exBMBIRPHY-t2nA|i Ei%'i‘ﬂ"%‘ftl%‘g)""ﬁ‘ P GERVIR9%. gt WPESr ni ng

char act erls%tl cs o Cadl ocatl on ﬁgorgﬁsgeg%atf% &g}% mSnﬁ’ormatnon

ba§$$)arﬁopgt{qnﬁacqg OUlaBQ%Fm qr],?x(?r@ "Meges are

col l ecte ccor xanp e e gq | ent ﬁar%cte?stucs of a
0 ' ?ng (7 GV TET g HOUN ©
lo %ﬁ%@?coé‘%?ﬁﬁpla@e gg% t%%é]es are col | ect ed accordi ng

N b R

oramc rreg y co ining the images

of E:* ée4s sﬁ égég’ﬁ Oan%rﬁﬁh HIBsRRinG XWP | Bject-centric sample
im% rEBnatot cgb‘rrd% @eﬁfﬁﬁ@i nt.Tage an
pectlve ey pol ts etec ed thereon. Figure 6B

Shovﬁgdr@@Sﬁ aRP 58 shBRIRo Bbjabdil ihEgLAT 3NSkiBs Mgk \sE RWs an
imR8L N Padrhfic ithab8 FoRRed 8§ Ldntefind HeNindgBd Ukt FiQites 5A and 5B
acRbieRigdb BH ekdn@i8 efbdBRiept.embodi nent . Figure 7 shows a

flowchart illustrating a nmethod for region-based key

POi I'tigure BuCHons Reaapliif@gé ananespeaivel ieyerditdidaRiated thereon.
Fifiirg UBES sRowd) s sdrhple kiaghi o IFigire aAsent texpeetiveuket poinats after a

regRhYas@tigsy Jairt tuittioh Awonind to@nieraraple @xmomiment.

enmbodi nent. Figure 9 shows overlapping slices in a

Ci r cire 7 eowen af iowaehartallestatisy @omethod afibr uegidn-baseolf kegynpoint
rebGdfioh @atardieg &caosdinmie embadimentanpl e enbodi nent .

Fi gures 10A and 10B show two separate i nages on which

r espigire V& shewd uniecky entich sred ebet te dalanlatec Busderasigei histogram
acm:nmimgtuahexample@ndjorignetrm an exanpl e enbodi nent. Figure

11 shows graphs conparing respective distributions of

| nt rigwea$ shfwatoverarping alivee i |anp@¢wla1)%rea|¢d fon tanaa\veragss color
catedation of B sThfrature leaeqrdiFDjo Hee@mpld embedimentni t h | ower

InterFD are renoved according to an exanpl e

enbodpurent! 0A; @{@r 0B shawdwe quatesm@@ﬁ@m Wjch aespestive,fgature
vefitess fetaoied aresClusterpA indp OBe gysieraspiding topg exApele embodiment.

(I'nterFD) and Intra-class Feature D stance (LntraFD

af t efiggredfl ghaws @raphs [ceearing respective distributions of Inter-clas)s Feature
Distance (InterFD) and Intra-class Feature Distance (IntraFD) before features with lower

InterFD are removed according to an example embodiment.
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InterFD are renoved according to an exanpl e

enbodi nent. Figure 13 shows graphs and of Figures 1 1
war@oas4especti vel y conparing distributions oPCT/SG2009/000198

Inter-class Feature Distance (InterFD) before and

after a discrimnative feature selection according to

an exanpl e enbodi nent Figure 14 shows discrimnative

features on two different iqages according to an

exanpl e enbodi nent. Figure 15 shows a graph of the

di sFigureut?i showefgraphaeoppsiing respedise distrivgiensay diterstlagstesature
Disterae dsterii) afv niractlassarestura Miistanagr GritaFd) aftbrefeatures with lower
intetFBtaré mmdved acfording teapexsinple embedimentrages agai nst t he

near est mat ching di stance according to an exanp

enbbigireehd .shpwvg grarhss agh RisFigurgp k! eatplar ras fftwely comparing
dishiprtians @finteeelash Beaturst Bistanpe {lpicer RAnkpferet and g discriminative
featusel selertion aseddingithgn exraple eRERAIMEntnbodi ment . Figure

17 shows a chart conparing recognition rate w thout

ver FigH@ats howsdissipningiye feriygnep ity diffgtent jipages according to an
eX%FPIFFF@S?'F@H scheme according to an exanple

d'”e Flgure 8 s art illustrati
ki 2 gy i Fﬁr%w%e S g B 8%" iMagEmaseinst
theaE%%?g kc{hag;ﬂ grg%e ?{ E;ﬁ éng%g a§ﬁ nge test
i SEmP

'm%@cer?&%'f’ﬁ hg P%ﬂ??} 'gd 8'8 Gt 8?°°§ 9 e embodiment.

aﬁanp Eg::%)é g ﬁ%\‘/\% %%T::@ﬁg&ge f e%mé r??fe%g\?lfer g%%éfg before and

e USPO'] ?ﬁ? an ex;n’pl e
EMhey, W CR% I'IQP c% lﬁ)'n%{eew%o QicBtion scheme
an? lr&%gmgée ¥ #ﬁlflhettdhsfcﬁgn{régc dfﬁé{ lé’éﬁB@cﬁﬁaent.h

rOVI ornmati on base oca

r ecegnid ‘I@%o@&%ﬁ&ﬂrcﬂ%@fsﬁ Wmelt}%defﬂp%'idﬁﬂﬁwg al i abase of
refe¥eticE gé'g)édcél%ﬁmgato@r a conput er

server he nobi | cllent 110 |s'|nstaIIed in a

Wi T el Res 16@KbGE a £hBmaflc BRBINE 0P BWdhputed s@st@ﬁ]ni&?fmplementmg
thdIREBb8 bPadeRynemskdildet! in the rel evant "art. The
conputer server 120 is typically a conputer system

The FigaRd b@ shdwLa scHekRatitediagrames ai windessdicviRe foninmtdnnting the

. mdth&d SFambeblestiboimd®0, or via an internediary

network, e.g. a GSM network (not shown). On the nobile

client 110, the user takes a photo at a | ocation using
DETWILEDUDESCRIPTION- aner a and sends the photo to the

server 120 at step 112. The server 120 conprises a

comfgure dt sloows at biotlackagtaR, 100 ilestagingtd ohstemgamd ptdbéss for
providied aibfsmati6 beked ypi ¢ Bicaiiaragesodhition e actprgihaick aand exampie
empdishend e sy$8m chimprises @ enobl@ Oliané €0 sreka corepywhbsesveyi1d0. The
maebile aiemniidi isdtstalied int @ mirglsss TRgicanelds @ maebile mopkoine manner
undistaod dugene sldliedeingthaeelezantfast Theowssiter erVHﬁe120 is typically a
compaitsy sy steon Tee giakde Thent| Yoameay comausiceigcdijegiiywith she computer
servek 420, Ioa gie@ndriermoritary aaiverk 28. 8rigEM eetirans (Nob sharimit

information 114 about the place as a recognition

r es @1 thegnelle dliger 13 e weer daiemenPRoA? PbA 19%tien taipe theopiobile
PhoRe tCRBNCE AR |Sen<éw@dplfn%ﬂtt° The sPER ARt |SFﬁpoﬂ ??atThﬁqsewer 120
complisesga @omﬁyﬁ@a tign ip E,e g% a W@%@'H@“ enginen k2 base 126 of
tym@aéﬁng?gqsrfghg @Igce BB¢ apadel gzl 128 gerv 5@13 es the photo

a 1@%@@ ngF 5 | ? reéggef engine 124
f° Pr°6 SS P? @'&I‘ '%n]ane%ﬂ CﬁeP F“a %OS ep pased on
re E?Y?é‘tll Pranal E gnition

reg rgllat ?%muplﬁﬁté)@l terf?qedZ n eexampeembo iment.
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recogni zed pl ace obtai nable fromthe database 126 in

t he exanpl e enbodi nent. At step 116, the user verifies
WO b@oneszogni tion result e.g. by visually mat chP@mSGH®9/000198

returned typical inmage of the recognized place with

the scenery of the place where he is. If the

recognition result is not accepted at 118, the user

can send another query inmage to the server 120 to

i mprove the recognition accuracy and the reliability

of tTe rekeyaht infofnationc &, emgunameguif dke plader weatadl et the place,
nepltycleansporty riiotdls nesiatantaubarkéEiM ashepping cemessi aml entertainment
faciliftesi eleal iscpniprbeorattidted eand Siorasl porthe seeenf120him the example
engfesimenit Toe releven intormation 4ié %s%lcpmpmey artypiegd| imeige| gf the
regngsized tiéageiobtainablesTan thel dpdabiash 186 ntbe Braron!e embbdiment. At step
118y isglset verips Bwdaeaanition seuiit eop dyatisughsmatshidathe returngchtypical
image difpihie eliecomsinsdy pla%e«@té tegerenemneicthgerlass phietm$eaisd If the
regegmdiondagHlt is m%%ﬁ%re}?ﬁ at { tﬁarﬂé% B$Rr £Ap 6ARd epadher gEeryERRge to the
sefEd 28yo tprsewe WRireqognitipm apHERcyANe e sRlighilty 9ftheregult ghis can
ey Ckn%'%ﬂ[ feé?*?%@laic%éﬁi’gf’ﬂén an9 $Rusrresuigte iploENRtiqRgERievgl can
beAgEVEdski | | ed in the art An al gorlthm is here, and

gene al | y conc ¥6d€ a se PLFHSI stent S§‘9 ImpIICIﬂy

P”F*h eﬁ %q rrP%n pﬁ i Rl rggna’uons of
5 ET St Igor o gk?le .r??r?: da;tg

i | e é%l?@ﬁigppn . si%e i 55% i ”‘%“i e

Ose%ejéé lations
St;ﬁ?ﬂ: r%El m d QIECMSala}%ﬁ&C r ’[IEE%? ﬁ% ’“6 Jf being

such as scanni ng' ca culating rm n| ng
nr epUr"ﬁQésnébeCIf ci§ @fa‘iéﬁ btREwise, b b Qﬂ)éa?érﬂ om the followmg it will be

ap&é&ﬁé‘& fHabhroughbut e ples&f s pb&fiction, Qidclesiche tutifin s such as
“sBARHRS S © Scafiulaing O NPYEBIMISNGT, € MrepMcingt, M {RRer@liRLL I GRtGlIzing’,
“ot@vitieg’, drhaé liREYefH t@ RS agitsh Erﬁcﬂ%ﬁfc@ésf& dlat Bomputer system, or
sifn@ i @5@hRHeke PRxtsthampuléiea Rint tiafsfoMhd Hdta rddi@schRIAPAE Bliysical
g BTt aqeowwutéiaiy@tem iitd ahklyd4te Rraisen tfesabted as physical
quEiYiBdsC atthif a8 tdotripeter Wystah of [thet ONMEIIRIBN SYFEEIN tAnsmission or
digpiletievigekor mat i on storage, transm ssion or display

devi ces. The present specification also discloses

appartat preséro speaffichtisrnalng disbiesepappatratonfor pérfdriméng the operations
ofrte¢ hettods Shigh apparatuatroay eypdeelly percsitrattey for thesrenuicddeplirposes,

- orf may tcheprigx) aigeeerap purpoze somputermay othemyeviceessteafjesiy rmativated or

reponfigosssl bprpubmputer predian sleredcd el eonpuier yhecslgodthed and
dlgwlaysemesént@im@“dmbye aotiohprenty repated)foaanystavioglér comphiier or other
us.elVaridise gaheyelr inurmpseandctined| mgs her eseht with hepgiams i
acmo anog with H@rtemhlrwsmrea\m chlternatigely: thaeanstiuttian of oyepisracialized
apnarguh i peifopartie eguirathnetod sippsanal bopappoyigtardbristigsture of a
corygniinmal gragrahP¥rRoss RIMRNG Wit apragh Freraiieeedssictintion helow.
teach| ngs herein. Alternatively, the construction of
nor elns gadifigy, |"i‘édpr§E%’§r éft”"éféf ceBorh elgco impliciiy  disgiegase@ computer
PRgiabdn §ad) é"’ rﬂi‘%P@rSO'Tﬁ@"%C{ ipdbe ar dhafrthe individual
Steawiemq BR g’@ﬁ‘éfbé %ﬁﬁgﬁc@%’ EpmEbing effﬁqf Y £RpwHIeT fG0gfn The
cqggé@,ltge%regqa lﬁ i B@Inq qooe}py g E;ul ;@rgg ming language

la g%zgg mg&{ &ﬁsggpfggngfp %:g?gg%g %3::3;2;22
% le%ﬁ *tenacemwﬁ%r PrRgED) ed to any

rﬁa% &P Blét?l’ gram, w.hich‘
C%%uf?@%re%&aaﬂ ﬂ‘%sl’:" %LGPS ’r‘% ?rﬁﬁ‘?ﬁ §°'rﬁ8f S?"R?é’gg@d“‘f%‘“"“-

be limted to any particul ar progranm ng | anguage and
i mpl enentation thereof. It will be appreciated that a
vari ety of progranm ng
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| anguages and codi ng thereof may be used to inpl enent

the teachi ngs of the disclosure contained herein.
wakoogavsanl t he conmputer programis not i ntendeBCT/8GH®9/000198

limted to any particular control flow There are many

ot her variants of the conputer program which can use

different control flows w thout departing fromthe

spirit or scope of the invegtion. Furthernore, one or

nore of the steps of the conputer program nay be

performed in parallel rather than sequentially. Such a

c onfpurthermprieo gnanemmayerd eof sthe r e 9 4hg coampptar eprogram may be
perfasmde i parateliraiher thhe sewieptiallr Sudne apMeutgeBiogrANEIRY be stored
onianyl eeferyerorergebldemiedivr. sihehceapyieigradebleomediyr gy include
storgskdeviaes ravch avshmgsnet@r OroPlﬁ@F‘ dielsy dpemery\hiss o atipqlpierage
deviens sufielde foiditerfpoina withee genesd! AUTeSe ﬁe@@uteb fﬁbetcemput% gpadable
me@l@ﬁapmaéralﬁ%mwpea rh@awm déﬂ”éé” F&d@ma“ #- fier lagprnet
Systlth QIrviclRss i ewph A XA Fmplfie Hb’fhe %'}”rfé?b”Q l?@?ﬁ"eo%ysfem

e i mouter
effR QU Rl FRSHES 6y EHPET afd%fsabﬁaﬂeaﬁqo AN

exe B ed £ w?%é ﬁwg%rwﬁ%??ra% uépéqcﬁgz%g?am F%%ﬁtfgﬁ'cs ing

tramlng

g LR B RIS
- bj&ct-cent
'”‘E"qes Teﬂugeﬁ el e gﬁs?o s o e W aniion i derec,
gggﬁ Zﬁe %é gt
ac t s 0|n ér§ r‘é@url:e eo §r based key

Jé % t%ﬂ Qe?ﬁatﬂp e‘?(ample
bidre r'ifg{h'og Rtr st8 128§ a %%Ql f’éét‘ﬁlr cteg eg}%;’ %/%Blnt At
ste 5? at\tﬁll EPWEtiors O fHe0 lQééaEieoauétQFéQQWt didg1 212,

dlégﬁm Efivd 1% hurd GSIRGS by ¥ctec§: 4 mtoegl Mt EES (FBGIHE Mb 6f the location,

ihthe 82D MRGER BFS tifd Fob8ritbr dhalrlae 22XARIeT) to use.
I ment there are’overl apping regions. At step

204Sahﬁi|’e p@édggolm;t,g“er y image are extracted. At step

206 Fiduhe K eouROlaNbsheriafc IRslisRdiIIINASERy Adwe vidweRcentric sample
imb GG 98- AASEEd leYorBByNb dregiupigi®Rnivetinrat. e sdrafle 208ges are
tainl é?‘é‘ﬂ‘ferérﬁé? tifiéhd WitheX térdh aidtzPbe eaa Bpkéific gedgndphidNocation 302
towareP sdrtdlindingalceied 30a¢ BOS, 3083100612, B gestc Of heemole ep@sentative
andl Corfplstet &ingsle iMages epe 2blsctati $@T badhn plaicy e tHee Béttarerecognition
acv@atytsn deeachirved.t et eampizdéh adarbtyb@obaskd gunr thelystim of the
exbimelel @nisddirnent, a2hdasplerimdgen atcheoliseied ger p20e (dFi FHupleces) for the
vidwarr-cehteic detasgni ti-on engi ne 124 (Figure 1) to use.

Sanpl e 1mage Col | ection Figure 3 shows a schematic

di agfigure i4 Ishews st ispigerimiiv dipgnaer iliceimtingchanmbiest-cenite sample
images el taletted amcardingi tagarnt exainple earhodisnantrb bl A&Mple iMgges are
talganipre diffesgrisangles anskdintaneesd4 9%, éi0énetcptmvardoar apechffs. The
imeges arepreferablyriaenta papWacrpdd accgesibje B Nistors dewarfis disipive or
spedaebiects which arrdfliffgrestisern shase At otfes plages Allgepresentative objects
arg preferebly jnciuisled froihe seBplecdabanehin arderdn haroasPapletesigRfssantation
ofithaglasearer eEMps feuthrorbiegesntis setasel R PEqtptupe based on the
syplepoefring pxHNRle @mbaé%e@h@%% inpges e Aollerisd V@Wf@m Rymber of

'még?ﬁl@ﬂr@é%ﬁﬁéort?a@t?él% tm%ceé‘yst em of the exanpl e
enbodi nent, 25 sanp are coll ect e
for BEHRY B0@8dH érsnow W, ?”tc'EﬁS??r é“a fflg%‘f of 1‘t glgure
5 8B %s a I%?é‘ﬁ@‘i%? |"EaQﬁ %wmem jnades L 20 of
F'awﬁ ?B.a& gim Hfges SAC
ol %)9 iy Sy g sample
%,ﬂtf F&‘?}tmacﬂ? 8 to form

Ined 6@ 4@11393 Sttl
u OV I g g 522,
afﬁ?“gpS%EreﬂfS%’PE‘%““&@%%?? Ei%@;‘%% ?CéLlS{C’cS’Fsm? owarr? 829 after

di stinctive or special objects which are different
fromthose at other places. Al representative objects
are preferably included in the sanple dataset in order
to have a conplete representation



10

15

20

25

30

35

40

45

50

of the place. For exanple, for the object-centric

dataset in a prototype based on the system of the
wex@ophsaienbodi nent, 3040 i mages are col | ect edP@i/862009/000198

di fferent nunber of inmages per place for a total of

101 pl aces. Figures 5A and 5B show two adj acent inages

510 and 520 of a location. Figure 5C shows a panoramc

i mage 530 formed by conbinigg the i mages 510 and 520

of Figures 5A and 5B according to an exanpl e
imege siittiiagt Theasew eremoramiFirgagessars Aiseyl insigadon§ the riginal sample
imagesUe exEFet feaburea tsrepfasantites) phafadigristiey ofihgleeatiosB. | n

t he exanpl e_enbodi ment, sanple inmages 510 and 520 are

con‘bﬁ%é’d""feE’&ra% Ni mage stitching, to for

synfigEs @éosfwﬁoa §AelSima aa@oe%vﬁewetmtp%%ﬂﬁtﬁasﬂ ifggreon.

Fl%@@@ng ows gie sapplegpage & r%n%r@? Fﬁsp§%ﬂY§ kevippiie Stter a
%b?%@d@ggomr&f%@%%ﬁ%wﬁ%\ 5%‘9% mg?"t E goints
s ?c{ Isgg%l e %\ﬁaﬁ Q. from laqca %%Eva(?gna’lt
L i @3355 Helm L ke
fe PIROSe \L}T%‘”i?@p '"%8168%?&0 ?%F Figure 6B
Spoﬁrté}? v% E '% ccfw lgléréa&éos‘l %n l%]s %CEmYewhgr}é the
poi % *ei L - Dias KGN ROLS for the diferent
g;g?é i : %eo grooarient . T % Boii
{gga@ﬁﬁ ¥ é%kdoér?aua ﬁ'g?&bé&dgscr ?bgdgl n\)e %‘gwﬁ are

L@"‘Q‘he 1644 ?r%&m%e&%@h feveinark Lombited at }héﬁ' Fhigied Qr’éeﬂ'réé?e}tthan the
Featgh/8$hreshdi fuliPlied BEthe M SEHdh vaRalin HehssE M c%ﬂs:der that

Conp i6h aYbSaintdr@dihY redidreSfBnsereth thell%%%ns R 11
7 ,For BScI RNk $h@ﬁst wta,l driBnidfiéh B%ﬁwteu NERGRY ﬁ\ta%abvanue in

CrOSaﬁ bﬁérﬂémﬁﬁlstdgﬂarﬁucfﬁmfu}ed tdrea f hb@W dI0thet SRS gl in the
pro%%?ﬁlel[eﬂg For a given inage col our channel, a

Gaussian pyramd is built, where the di fferences

bet e e &gnsié armbamdwede\byaxtsingnh@ébweanéfawmmwefam Saliency
THréeholdi &1 esieatn.d, eve Inambee ofakeyu poisig Udbterteédd it alDimade id. a dataset
rafides fianf Biese 308 $0 PF00Gaussi ans (DoG between the |evel s

of the pyram d are .conputed. 3. The |ocal nmaxima of

eac ut ed | f thelr vaI ues are greater
tha yelyo u%ﬁ‘%"‘q) Imf he rm K int
reg ctl ac Eﬁa%é b%ggé s} gfs ig eypg?rll?s
el ‘f '@q 26 P AD %?aﬁ a& : th ﬁd‘ Scale
InVari t Feath Ofrafi fea u é eglon
bi1 gth r(?o O4ﬁt NsaREht e&)rﬁé apéqsorted '
it QB ,F&Hﬂgtﬁ% ar S‘M Q‘Q’n‘% le n%ﬁﬁj 2., 9 e ep 706,

3 b ?p af @net.ﬁﬁ. hrgs gﬁ Q& .“@ypﬁ t&% 708, a
sdo dvﬁst e BoiEhittihk nadf 1k Qgtyr D£ &2y é)Atstep
71\Oa lijpe sguge 61‘ MHE b CHhePRENBSNIB! S5 éé&o /) point P is
caldiRS ARk @ ;?éré@g mﬁémugfeod’r"aaf Qltmlc'}3 RO to 2500. Key

Pol nt Reduction Frgure 7 shows a flowchart

|11 ustheafidiaibeds BRI Bchnl tRE thir &BoRIR RS §£bok & ¥ePRYIMIP, is kept (Step
71280 UShbARsAGRO kEbdH He) [iht 8% A TES Ear8aD (ElbFTNbh). PhatSE, &R the
sebORd kéy PHADRI theTass &by péiht RAha i (Pi = BXto ¥,), I the d@dtance between
arfydHercf thess pbintarit the fifst pbier riaiss $haitHe thrésholdTe tangdyoint is

" refrved hiemMwalia.

At step 714, the system checks whether there are more key points in the sorted
salient points list. If the result is yes, at step 716, steps 710 to 714 are repeated until all
salient points in the sorted salient points list have been tested. If the result is no, at step
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. fehtoRg @f thENEcatiONEHiGire @ sHeRock

I nvariant Feature Transform (SIFT) feature at key
point (x, y)) are detected in a region, based on the
woreaohoeB4as descri bed above. At step 704, the sBCT/86G2009/000198
points are sorted according to their radius fromthe
| argest to the smallest, i.e. (P1, P2, ..., Pn) . At
step 706, a first point Pis initialized as the point
with the |argest radius, i'% P1. At step 708, a
second point Pj is initialized as the point with the
718etkt sysiergebecksarhiettser there arg remalning phintdin taé eprigdLitt. [t there are,
at Stppai28, stkp7el ®t Ardcare bepaatanudinyetht inest repainivig phiaingk B heti all
the eanmaining béynpoip in hedat ardl exeatiheant treoezamedthag poinsin thd €orted
lissiquse @s F, aaetiimedshuotlebr B pdifits tFhé&, #irsepfuderd is= haz,germand m <
n)isveivmedse t hreshold R, the second key point Pj is kept
(Step 712a). Otherwi se, the second key point Pj is
di séatheernd( Beepwittimbpe niathansnefen peinhie awdegidn kit R? round
aregy| I othep Wortk thegstis lealy qneilkey roint mith the darggsb radie2r faft Rrgny R?
round fegion & tHeretasm 8w0TH enakenPaifilp axisingin thalgseiop dnitially. Bventually,
’fh% key m"ﬂtétar?;morﬂ eyenly disiripytedondhe irage; hbe serafiting nuptier of key
\wl' r*?? P thérhﬁwe@mﬁk RHRgiof keyspointay. THeggaipnbased ey point
thﬁm@f eodimant cap ratsok signifieantly sepvcet e key
kng B ﬁ%%ogmt R acqragyh i p@erinenissusjgs thezgystem of
aS%?rf@atw@dsawCé'an (e PHMgPY of key points
%Bwﬂ S féﬁ%fug fﬁt@meﬁ@@t thavwage is

%
;zgjf;%%%ﬁ?n et R

Pl
%W@MWKWH@FV Y 3”9??%‘%‘3% PRPAY points in
the&ggltr_e% dr'e%txt IE there are, at step 720, steps 708

G gl flfszg%% ”&% %g%giﬁ; T, %@“2;5‘2“,::;
e d on of the
WJ Pﬁg‘ 0:‘” ; }?rss lee;l ;ifﬁmgzd ll'%% r\ﬁ{e“ itud f%%gogtl ?Q %de :2:

ncte h& tNnteh Wh@ idMation.NRth

Rldivided
in 'eBcI'ﬁ‘éi&/s Bye8lh ONgiveA th BQMB réébthﬁ £t tw fn o(\x/’;ne’ls
andeathbie Qﬁ”tﬁeﬂﬁﬁ)éwﬁgh@(tn ﬂrﬁ est e eaﬂ Qﬁgseﬁte rh 1? dion size.

in any R2 round region t ere are nore oneef(?/

poi Hop &?j@cﬂlbcf@ohnréch@ﬁltldrﬁﬁusm@ b!E]éétlc@HnM sENSBt Ade¥, in an
exal@lek@ybatirh&its niltPs Ry Slo@Nﬁ&i:%gréih§YMB Hheduedy ?ch?epresent the
whiRl aROLdHdS o alylate H8olor-edge
hidtegramtaeasrding ao lanidxamblensfRimért. Ae¥edpOtdth Fiurd BEeach group of
linee cipessehizond sive\of fitd Bibck, Qdih@téx@rﬁplﬁ%%dlnﬁénttdi%réﬁﬁaéﬂﬁs%f the
bledkb avithreosttion ashifiaheousidgtol dalans ke cashusRiet Migoli@yhs. The color-
edgeihittegrams lace taldd@gied domgadhhiglodkelodgimh ki hcaeftted ®¥atuleNvector.
Thexpebeneifegutesicotprs tepenyls be theafuntdeeofeiaars) e
enbodi nent, after region-based feature reduction, the
nunidteshogfd b@ypmecraﬁed that argchotedpbge suahmst RbdiGreanBlue (RGB),
huetnatration-valueBIS Vi f huesstwiation (HS) retp cars batustddnithagpstérs of the
exaeglecerabdsiment ntbe tHNIcblor Bxgueris weert. dhercekulhisodrave C(j) are the
cogprienation &f higfogeams halsulétedtonrtbe thoekicharmels dftibe HSV color space,
.8 ecogni tion accuracy is not substantially affected.
Local Feature Extraction For viewer |ocation
r ec St 6h S(5 iVl vi ewer-centric sanple images, in tH®
exa I e enbodi nent, Scal e I nvariant Feature Transfer
?% lge histograres Efibardbaroreatnalen of distesramy of teckabstiedge
éﬂé’&f iMiand grientafian (Qnput ed based on the hi stograns of
t he "%ﬂ“ orientation for several parts of the
regi h=d¥k H%ed by a Iocation, where the weights of (2
each sanple are determ ned by the magnitude of the ~
gradi ent and the distance to the center of the
| ocation. In the exanple enbodi nent, the location is
divided in each axis by e.g. a given integer number h,
which results in a total of h x h histograns
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and each one of them having n x n sanples, where n

represents the sanple region size. For object |ocation
WO 2@904#641i on usi ng obj ect-centric sanpl e i NageRCT/BG20a9000198

exanpl e enbodi nent, nulti-scale block histograns (MH)

are used to represent the features of the | ocation.

Figure 8 shows bl ocks which are used to calculate a

col or-edge hi stogram accordiqaqg to an exanpl e

enbodi nent. As seen from Figure 8, each group of |ines

r eprieedviBlie inthe siangleEmbbdimeahiiela wightetl @oresadratien of color and
edgaihisibgrens caldiléited oaminediiaakswhith fdreslwine déetured viebtor for the image,
wipns e end b asd pérameteess lesedhandl. cal cul at e t he col or - edge

hi st ogranms. The col oredge hi stograns are cal cul at ed

f or MBIEH HfaGdk PEG)f or m a concatenat ed feature vector (3)

The nunber of feature vectors depends on the nunber of

bl odksan |Ateriaisyleglangiragir detat €elot Hgatusy(LEB) ands peasé Color

Higtggnana §-Okb rrexused o raprepsrtithe fantises af thealorationy AChds the color
fe tHg/p a gifrelas seqiea Brosnd theskey aeigt. dhH region isedividedhinithe specified

Uég( hslises i thedgatre as thsoruerrgRtcolor frs sagvslicsl and lisgwerapping
sli Jé&%e SrigRo Oa?r*%ﬁpﬁgo lfegfen icy'c%rereswe for an average color

a9t hapi V&%a g\%to éﬂ mhrdimpat. 1y Bestrated in

F‘%‘Hﬁ &P F'CFﬁé’S‘l%{? 6 iﬁm@ a*E%L Ff%"“%@?? 36 dimgrsipns, i.e.

S(i),, dg o] E(T) are the
con Xﬁ t{’}eég%ﬂ—ﬁgfogm C%)fe(g ﬁgf)éobel edge “)

magni tude [M and orientation (O) E(i) {Mi), O(i)} .

(2) The MBH i n the exa n}:]) e enbodi nent i s a weighted

cond %%éf(?'ﬁﬂieo?mg‘lff"ﬁﬁ tarlr&"lelfg@eh‘?%‘ird@ﬁ%@"bm 8 iirgelagregion
argidhe Key B %whi ch forms one feature vector for the

ol are paraneters less than 1.
I\/BH?‘I%)/"(&AI{@& %f’?q%’égl )} (3) in an alternate )
enbodi nent, Local Color Feature (LCF) and Local Col or
H stogram (LCH) are used to represent the features of
t he Aeatige Ventor|QbEstesinghe col or feature in a circul ar
r egifigures 60~ @NOhEOEK efow dwatseparbe egesoni which veéspedive feature

veciprpdetecipe eird clogterethingy ond ckisiec escaniiing td e ekempleramiasiment.
Aftendheyvedieiybasegl igpture medustion o dsscrilied dhayeother haplhmsr g feature
vestorg Bisan miagereay sithbedowlaesd. dp fiengxasinle embpdiment, a hierarchical
clystering| aigoriEig isopdapied tenoravie perge ot Blecimitaslfeailigs inge oo teafurther
refigge fherunbet g€ atenpctass. dipr examplee sEHiBo fratwatvectas 1002 and
1q0|4|qnls‘ilgta?%aof‘r\ ANt 1§Brresrectivile Aregaraypasdato) ape plusigr i #re example

Theg ui’t@fp’xg @lgp{ﬂn@ \ﬁ%[gs By itgratiais Merging gm@ller clusters into

_It Gf Cslatg per clusigh; hengj,l oks g9y ?l‘ge smallest

e}n d|§t % Ai S an@}rpgr ﬁ@s%(gwq_,,clus ers with the
‘&%&% ¢ ‘HEOaOW?i ‘?éﬂ? of ?zﬁw £ 6l % RN @{oop Y puitble for

m &’r‘

?ugeﬁﬂhm MA & ‘?rﬁl"%e Vedfor made to
|
S (g e ample
ase(ﬁé‘rérnlé '%‘fin f (h %‘ZE SﬁnQ&lS%ﬂr PTH % %C\“é {ﬁ:{( is used
do t roup sone o features into one

to f'l*ﬁr Jﬂ&%mce is calculated in the example embodiment according to average-
linkage clustering method, and is equal to the average distance from any member of one
cluster to any member of the other cluster. .

the contents
escri t he nunber of feature vectors in

CbY gesy éi%@%e Vo feof vp%s@? gjment, the
an| A etoolarge In the exayrple_
e?ffm 64 Lﬁs@f Gelyr ol Rkerhag al gorithm i s ©
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reduce the nunber of feature vectors. For exanple,

simlar feature vectors 1002 and 1004 on Figures 10A
wWarwI1@B1t especti vely are grouped into one cl uBCESGR009/000198

t he exanpl e enbodi ment. The clustering al gorithm works

by iteratively nmerging smaller clusters into bigger

ones. It starts with one data point per cluster. Then

it looks for the smallest Euelidean distance between

any two clusters and nerges those two clusters with

t he Isiiied Exesuplel esbadiment, rt st ©f kest inoegteeris filBbclassificeixiatopditierent
clagses of | apstply images| without fehastaning atb| getf o fira seessificatiom result. For
exgrupie | aneepibesd pheample risfagee rie eoliecigrthdt ohe location and is used to
represpnt\Vinab necatien. . gl RniNegresimiicigbbew Batebingr apmpacht ¢y juaed for
clapsificatitine Byr efardeg to fhardistarive lexweemthe tsist Whaash aad ethe correct
mMalghiag sammo iMAge a ge dnilig) tefroisationedisiener: 6. to iermingteethenglisiering
algarifydirebieined iretheergmily erbediment: Epe aumbernoftfeatuge vectors then
bacamgs e UmIPSE BF RIS Heccoslip of thecFiusas G RdCiexandl-e m} (where
M &8 GIMRTHON o Hie fartuteareetondp ppgd 2g 3 Pew et ¥pctenie rpriesent the
clyster; b I9a4e VeFiorst isr s (r), (s) is used as the

termnation condition. d[(r)t (s)] mn{d[(i), O]} (6)

\/vherce=/_1L N sare all clusters in the current clusteri ng%?

The disk@mcCe is calculated in the exanple enbodi ment

accqfhirg (1 0 1ayer ageld ﬁquwigmsi SRS Vder e rﬁg%i'ustgngna% is the
nuBeBeR b FthutrJ‘ﬁecﬁ)YﬁnftSﬁ fromany me
cluster to any nember of the other cluster.In the
exanplie iR 1Rty ftRetvedbrd i%%pr’eﬁ@f@ &% sampit ikges, the test
imabas atd icRdsifidt By filteTffdrett! 88508 A saRPIBInSadeBBASPe example
erMbddirastt, 'Flkdlaéﬁlﬂbéllﬂantr@s@ﬂb cBmbbfeltwitltAS bl iota bla@8fication result.
Dém@sting .onFig depsrsmpd ef thiasdifdaforDfesEioNR thel dRBEHg iS conducted
agairl Wigtihe derariinatioe dib@nes Dejuafed tb © H2LATHOWRES hRZ8& is repeated
tiltthatbebtogladsifioationansuligis Nealicosd ahiitgllips findvhbeiihdi®n distance and
numer obdbsters ausaésefomedc] assification. By referring to
the di stance between the test inmge and the correct
mat dddsed chdhgbBloveragdnatiom ¢amiditiba the elusiering Blgorithis dedoeding to
th® exemipler ambadimenthearc bdendagengsial rgdudet the nsniednt afi clestedsnwhile
preventiag thepdlustesrbodicoeimuoudih enanging entil ofily beatiuster reattin: s
then becones the nunber of clusters. The centroid of
t he Riscriminatige Eeqture election .. n} (where mis the
di né'fpgm@wcbfecemlmemqﬁ@oawmry dissriminetivealsatairaean be derived
frqna ltercdass sissipriatity it effpres eeler eriexteeydeweventior images tken at any
oujdrar dpcgtion, there mayHw &¢ (gny <lefinitepobject withrgensigtephghape, color and
tezstmeg@tr?aﬁpeﬁ@amaaow dbegontent inHbe énagasaepregeiting theslogation could
Hisyten itk Fapsiens ogelsien.ol e Mgy alse| hestiaiiar opjects ereatures on
thﬁ@W SfQﬁpH‘E%f’ fram diiiegent iacetions. Yinepd @§@tmn5tar%n@aﬁ&ﬁdelsmg all
Salag QBects ey ftﬁ?i aerogs iffereny lagplipns imayoconfuse the

W@?ﬂ%?‘%?&e"& gesen the exanpl e

errqul ment . The c SSIf Catl su t. co areq th
r% i% tH l k eS| THE ?f mtra]-c
e 5 a%sf e? eg % ?cf ? B e similarity o
?fa%ft"eerﬁ% % G[?u‘ v @15@ 5oy @fmmamm P, with
cogrdinalerc@.. ) aaﬂqdlp@tnélz %’fdanv nm thﬂ%amﬁl@e@ﬂqsdmw is
repeated till the best classification result is
achilewdd-agd lx,hwd the final ternmination distance and(8)
nunber of clusters are deterrri ned. Based on the above

ter natl on condl tion
Mé@ﬁdﬁ tgretsh%iﬁ c% %qﬁ'affq? E%Pg%%é&méfztgd%ég ocatlto%] i)Zmple

embodiment. In iton, as the dlS ance between two feature vectors lS used to
measure the similarity between said two feature vectors, said two feature vectors are
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preventing the clusters from continuously nerging

until only one cluster remains. Discrimnative Feature
w@eioeasd4on For object recognition or categori ZBE€T/8G2002000198

di scrimnative feature can be derived frominter-class

dissimlarity in shape, color or texture. However, .for

i mges taken at any outdoor |ocation, there may not be

any definite object with cogsgistent shape, color and

texture at a specific location. The content in the
congideres disefimiestvet if thg disiendededvemthenus terex bndigh. bl the tegample
embiotliment, enedlidationodathses collectetps déferany Icsbtionshie usédrid evaluate the
disstiningtiee powsr shtherfeaiurervecions ¢xiagled codlpr tininidg fmages.

different |ocations. Wen the |ocations are nodell ed

usi figuss 1 tshews enenhsel!02sand 1HM edearing respectivg distsibutions of
Intarc¢lasssFeftdre dlistance (ierFPb AR fip-dassiiestire RistayicadisiraFidY before
a foplre eckue b joveh dnterlf Dare semeved acgoreing te s examplegmbediment.
Theyligstia isnpRietiafantbetween Mredeingier &nages 8 sremdegajiommnd the
valigadion TRgES egllegted; 3t 3l ethas SifsFRTt lonationse | Thgsiniraip Us eglculated
befyvegnithe BriBEY iMPgesAlcgach doqglieny ag%tt@v\@hggtog Impges collected at the
SageQqakpy ??/WB?rettU\%tr?'QﬁﬁdF%gg?eaé? ors. The definition of

t he Bl.ock nce bet ween point Plwith

coof’gl?ﬁét ek?’(&f'l?(/‘.& and’ | nt P2 at (X2, y2) in the ©&

exam}agDegpq,d])aqm pi s Djkx 1- 21 + Iyl- 21 (8) Basedq

on the trai'n fmages collected at all rel evant

| ocati ons, the features e.g. MBH features, are

ext mateteeﬂ(; oris &ld /" tdaturé vag@%xaabﬂee oh @tk @tdﬁ%hmb@@@édpﬁﬁed at
| (S} he
ot L P8 Af o s R B rffin ages captured a

logafi@lire the simlarity between said two feature

vectors sal d two feature vectors ar econsi der ed
di sé¥ 9?%?@ fiom Figdregl s %@'%ét‘%é’ém?’f?é’ﬁthe qeqrthe InterFD

% y §rF&a néalt@ ‘C\V‘aﬂ‘ st hdfhe In erFD and
Inf Eﬁ“F‘F é%ts rl°68'§ %th‘dﬁ@l weenythe InterFD
ang 4] %“R F?a;‘ﬁ %dﬁﬁ'l"?“\‘/‘é“%b%%?sscg SR ?@Stfﬁﬁ‘é not trivial.
vec or act ed on t he t r a| ni n(gm %es Ei \Lz 1
LIS 0 many feature
ve%ﬁ .?ﬁg‘ tlye cm g?Péxéa lon fime. In order
t

s ar I
Oj} ?ﬁ; g:é % b:g ét S%l“%ﬁ"% gtét,ﬁsyﬁb BB mber o
t ’[ t ber o
fea'tg Qlefet ?s T%agh thn\t’ "l % the ? e E:E separab?l;tye’chec
{ o]
it %Pa rémc ey ot RS i&ﬁn%ﬂ%d& °biﬂ BT e orainl
fe& ﬂ; atd o J}'g’ﬂ inb§pa%8 | dc In@%&ﬁ e&lt%% FH Fﬁlteqremamlng

ec% e{\%[g tiyd ocat i ons e
ca cul at between the training |rrages at each

| 0C FdrAinABibtribiions &) dAhtePrD LARARSFEOHE RTS8 hald Recognised
th&¥Re kRARE VERoRWINNEKE 1bREFD BRI Bhided RBEGSs Afesenting different
lodaib®d B bé indre distidlctive] Withjthe binfig) intdMlRE Boature Mkt BhSoved,
thé Jriumbe) df Sfebfife MetiBRt HReseBBAP hEXddal6 @8n OBk rBduced and the
sepaiabllgldr aiffetdmaaSsce Rk B @fpraled. ocation y. f((k, 1) is

the k feature vector extracted on the training inmges

captinfredexainpiosabodineht, fohang &sutdre veewn af loesiohijgfiie chkulated
CitylBock Bistanee ik dkloof a thveshbiaps: bet ween the I nter FD and

IntraFD. Many InterFD are smalléer than IntraFD, which

nmeans t had(, phe (knjler™D pad | ntraFD cannot be well (11

separated si nce there i's not clear boundary between

the InterFD and IntraFD and thus the task of

di scrimnation across different |ocations is not

trivial. In addition to class separability, another

critical issue is that too many feature

\_‘
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vectors are extracted from each cl ass, causing
relatively long conputation tine. In order to solve
Whoiok/1¢f41t hese probl ens, the nmethod and syst enPOF/SGE89/000198
exanpl e enbodi mrent seek to not only maxim ze the
inter-class separability, but also to reduce the
nunber of feature vectors. To shorten the conputation
time and al so i nprove the sgparability, the nethod and
system of the exanple enbodi nrent do not seek to
tra B%rftﬂalﬂ Ieregioved fiain teperiging) featye VPetpeseXirepiad éor legstion /. T
R then nemaper ph gelpgted deriure pYRCtars yand doyr emmsiieg e best
é’ W?%OQ/”&@P@%WPWfPh%V?"dé?quqi%ﬁ%t?retspace according to
crlt ria so that the renmaining data becone nore
o TGP 2, PRRS PR ﬂ%%Z a"%t1?@”oGPm8ﬁr§1%feSP¢@V¢ disgibpiipns of
nehgerh E? N Infa-dlase Jrtwe Pistence (nraFRp after

R e e e
\éjr SNy (% ﬁ" rﬁ %g‘ “P% %pgntﬁlérger and the
e3 ”;Fgmqﬁf@g@ gre ﬁgff%?a 8 raéebecommg more

58 ep rﬁesen |ng dé?? n can be reduced and the

Sepad 13t ¥h s H grﬁ a%lda’? F"f-m | f V respectlvely
oigﬁnﬁ HiRiButS ﬁ?@ln s? éger Ee ap after a
tlQQf atuk sf 18&i0 § own in
QY ardthe aifkes ma’tvet %re éd’uonjas de de%’%% c?'ktrlbutnon
m@r@mevm SR 5Rie WA 1.0 érf@é‘t Fe4 ts iﬁ utnber of
fea_tufesv £3r8 With @ﬁxg Yntbit® 8 @éd ﬂ the € é:‘rﬁ;cé] gmﬁ ke
vectors and by ensuring the best possi e recognltlon
accunaeh GREmatived! drstdldintdht, d @ Sehiurdd WHE € sdidctsiOPSsed o
digriamsivd 99de ancheb2fbdgRmAar i ng T especti ve " e
distributions of Inter-class Feature Di stance
(I ntieshddid aRdndted tiaet Gh ash beake! sambieS hafyes, & list 638Rres are
detddtedt. I{ Bataxaepliedmbodiromg/if the fetines any abﬁé@r\lﬁfﬁnages of one class
argiCogtr it inggeo o ntex amsbes, andyedicarinds aRsasdidreattigh 8lchrinative
vahieguAssubiing tiae trdi febiurdsudetantel iafalllthé etmbPleaRdgdd o alBE /is P, =
{orome .apand ahddhe deativestdetctecioinpalr 86 sdnile fingddseofldl the other
cladsss ewfept blass hisef- € as p.di stank g disapnirativanglee (3R feature k
(ptehi) inrlass &l fagsulated tredhe exaniige embodineht esing the éslowinh @quation:
I nter FD and I nt raFD are becom ng nore separable in the
exa Fi qug® 13 shows graphs 1102 and
1202 IDF leés Ed? iézr espectivel y -conmpari ng (12)
distrib tAffoﬂs of Jelr cl ass Feature Di stance
(| ntvéheFDD,bietrer distanck bdtwesn geatlirs &r(ppd Mpand/ afuedf Wier,). Dy is
the distance detwasndeatiuregk od feaives anfplePp Mihediumndtor A% ddrowlinator
ofi Euatigu( E2) 1e3fimatet the likhlhoddl sxf therfewatre veirfoegénerated by images of
class|/ epd L oesngstivédscri bed above, the distribution of
InterFD noves to the right side with larger feature
di stfamber inthe gxarmplglembotiimenh dirhdistante Pebetween srydeainses / and
J Wiceiguigiegusing the\Ciy Piock Bistasgeicasdisiined bthestalloping equation:
enmbodi nent In an alternative enmbodi nent, the features
are sel. ﬂed b sed on a discrimnative vaI ue, as
descri bedel B, It shoul d be not ed t hat |n each of (13)
t he ,,ﬁ@p@pl e 5 I ke Al e, te
vekldg) exanpi"éé E%ggdl\l?rle%tomeag et;D}ejzaltaﬁ‘]rde %/?{gd'ﬁglgrdqﬁawre
* |nages of one class and not in i mges of other

Cl asee? thd BRSEMhERWAR BF 8véty Fo4N8%s Naliated af
imag &S for BaRAtia¥e o|V YRS ard SoHd V% a? tlztt 3 Fte e the features of

vallRb e&ce dnl Na Alekcahniie SaMRhErdITRAR i &;n qg %f”m'“af've
thieBhold Bre?:elslleot?agég\@ls%gﬁﬁk/élb&l%eéﬁ?réé Sﬁhgé 'l%élﬂe gaé;f b Thi?ona

sanpl e inmages of all the other classes exce
is PL={p, pL2, ..., PLN} , the dlscr|mnat|ve value
LI k of featurek
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(pi< PJ) inclass / is formulated in the exanple

enbodi nent using the foll ow ng equation: where Dkj is
W b@disstance between feature k kePl) and featRCESG2009/000198

(pyeP . Dki is the distance between feature k and

feature p,- (PiePl). The nunerator and denom nator of

Equation (12) estimate the |ikelihood of the feature

bei ng generated by inages ofzclass / and L

respectively. Further, in the exanpl e enbodi nent, the

di stance D between any features / and j is cal cuI ated

usi Figuteh®4 ehaws BborhinBivetfeatores caswd efffiererd irbygdshescording to an
exémple mnbrgineenialt cam befsean froem Nigeeord Akt the nuhvder of discriminative
fealires r(perirapresanted) dly uroxesr 1482k isy sigaificantly fewer dianuthet mber of
origingl festurepdas igptaseotedibymgows fidP4)each cl ass of i mages

are sorted according to their respective

di s&imiler fathe/eanrie ieegementyrd porfopet terfealyeesofetected on a test
impgais pisesimipative. dihyis r ihepe discinaingtivejeatureis giherldttbieaysed to compare
withh Ehosh o Pl the eSaie dimageas Injthe | aample anskadimerdattor ssject the
d'%f'mtrﬁl&ves@ﬁiw%s foriipeisst igeoe Hae distrnse frem. Fiagtire ondhs lastisnage
to dfpes dispriminaliveyfeatusey ar die éﬁmP\%o‘”lﬁ‘BP? i EXPPARAYEE the maximum

diskancs PRGN 2aY QI?C%@?ﬁ‘ﬁBYee SEYERSAT Aetrss of sarerip dSeen

frotq:hﬁ ure i Eﬂﬂ gtﬁ{a@gﬂwg%g(@gcrm%rvle eprartes\l/n the 1 class of
SaPEHINPPRY Iy fevver t han the nunber of original

f eat sen arr ows 04) Simlar to
t he éa% gﬁfmag eebnlyéj ?%rtlor{ hefeatures (14

det %te qgﬂ?e &i& Ecé 5‘ l/vg%ﬁs l\llevfee Thu i (pie P; and p;
RUA T B e Rl bR
examggﬁn‘?\ Bdis”ﬁw'ét dls{aﬂcé%e%éent Qef gt'ufe I %ngttbgtexmage and a
didcRAHARGS + é%ﬁre B Sl LHRGE ca mlrfathe example
eniRRINEE iPRort Mg / n%% 'tm%t, <°D digscr 'l\;g' frat fle rem:ém the test
ith

mEﬁ‘@fs‘é%%%teﬁréstahcﬁs&@rﬂMt@e 'fé’ﬁ%%vHeﬁ HGO (R " class of
Saﬁf?}@, P}; gli stance between any discrim nati ve eat ures
a clas

s of sanple images. The maxi mum di stance

bet \@etheatyertied dif SeF bR} Biad bv@eldtitiRsvd reathe g ththe sample
imagaser B MaiEse D, Rges +9, 2Di.. M)Vand BB es,8n Ahe ekt |mage is
distarded in e examplk entbodiment. M (14) where D is the

di stance between any two discrimnative features p, -

(p, Bas#d pn éindfepiurd belectidn)méthod fre the bifmges dsediBke above, the
nuivibeg effeatncksBai the tidet inage insavarabgeusimpeucal bn®fasstisdsifigation
is Bdused in¢hadexsingcembedimeatn a feature pt on a test inmage

and a discrimnative feature p,- on the sanpl e inmages

of tlosatibmBecognitiome exanpl e enbodi nent, if, for any /

f r orin BntexaivipleDemb®jfimént, 2 Mear@st NeighboM) Matdhingf mathod és psed to
calculatehe nursber ¢fmeajehassfos edabd beation.sheacelideotifyimyribg location. Given a
queydmage fakidiesiare pxfrapiastandgherdistancestdaldulaied betwedrasachdéature
vesighpithiereajers veciors iepresering theineining imadesrat aagh lonagioof

the discrimnative feature p, in the sanple inages of

theD(/ 64’és§(l)Bf,(k$’| DL (i =1, 2, ..., M, the featurdl5)

|n thﬁ test image is discarded 4 n the exanpl e
(. kghlsdhe GFtance Eﬁe@ﬁ%r%eéef?@éfq WFIQrED MiRIcyesy image
aﬂdl‘tbe kefeaturerigsier iddbe irbiing imboaseat lbmonwnﬂe fis tfe i feature vector
exfr@%&él‘ roﬁsth(fa %Eeré/hﬁ}abésf (k! ?e’ 4 @Qt\’:%n\tlé’?:@ﬁoéﬁja&eﬁ etﬁutﬁg %raining

icat'i’o re uce In the exa
at Ioca ion |.
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Locati on Recognition In an exanpl e enbodi ment, a

Near est Nei ghbour Matching nethod is used to calcul ate
w@2mamisanl of mat ches for each | ocati on, hence PCT/SG2009/000198

identifying the location. Gven a query image,

features are extracted and the distance is cal cul ated

bet ween each feature vector and the feature vectors

representing the training i gpages at each location. i

k, 1) =\fqg(i) -y, )\ (15) where DQ k, |) is the

di strareaeh lediveren atrieardst fratthingadistatieas foumdtfbeeapihefesture vector
fo(l) ivethe qaeryl irhdngs ik theatamme embsdimentni.d.he training i mages

at location/ . f (i) is the / feature vector

ext racted -omi{be, auery image. f (k, 1) is the k (16)

feature vector extracted on the traini ng i mages

captured at location /. At each |ocation / , a nearest

n stance is found for each feature vector
fq(ﬁm(%)f e query image in the exanpl e enbodiment, (17

. €.thenlh rrHt&h foMﬂé%%%Qr& ved&) . (Il)frpobta(ried dt Jocatidn | ﬂ‘r7t)1e example
entttberrnéht TRrfar FiRrthe aiBRY SHRBoAREHON iE Ghd bains &Q&ﬁdenrﬁrteshord
UsBY in egadtioRN1 1) AN ridieneX@mB} 8aBeslioNRRé suthtbiNgRd thembverage
métBl‘ﬂn@ﬁ%tBhl:@ F6HRBSE RMEnced wiiintthe t5a8mIdisSéAdlRed. The location

|ilimbeedf hatdnas aiht @Nsrhalibr AYeradd bistiAbs RESorYdefe@r as the
beeaﬁrat hing abdBibn @i enes Bxammsled ambodimenta TaeRERe NBE Gt function is
defih&d ianieeeiznipld dabedidiestnces within the threshol d i
cal cul ated. The location with a | arger nunber of
mat g smal her saverage di stance is considered
as thg&%?j)armt chi r% ' ocation in the exanpl ed (18)
enbodi ment. Therefore, the voting function is defined
in tHEereLam &&&m(h@nt asM>f1) M1 M0 (18) whef®)
D=~- DI) "W0™%9) 1 T<Dnm{ ,1) That is, In the
Th@)‘(& | e enbodi nent, the Iocatlon L with maxi mum V(1)
is |Td@}Fthl/edz§@m,thé) best maMchPng | ocation for the (20)
query image <Ga@@. : V(L) =Max{V(l)} M0 (21) When ML =
O for all the locations, in the exanple enbodi nent, no
| ocdn iherexampleosrsibetiment, the lecation & hwith anapdreurg Wéh is idleniifjed as the
beshmetchiag lagetiesfior tecdugdmagdei@de is not recogni zed. In
an al ternative enbodi ment, a Nearest Nei ghbour
Mat chilg Met{Hod i s usedM»0cl assify a query image  (21)
.e. testi mage) into different classes of training

' mi%ﬁen( h/l €. 0? ”B e % g lnrt Q%?art‘r gné g&’d’inqgwt c? cation is
i S B L D Ly e

s. For every di scrim native feature |n t he test

' miQﬁ a(’rsaﬁleﬁ'r% MASEL RN NG NARAL AR étblqﬁ used to
cl?ss E%urtes?‘?ﬁ[é ih®> &R Htc e@r@q it s (i.e.

eﬁé ‘T’dénﬂfyﬁrg Sﬁ:c onsqfﬂé eth'em%gasfea @s are pre-
co@@pﬁr CHIl 'tRe Cl@ébs IRk LelebichiNfor C4RPLEsE ] HhdGeBt F8E every
diSeriminative feature in the test image (selected based on the method described
above), a nearest neighbour search is conducted among all the selected features in a
class of sample images. The best match is considered in the example embodiment as a
pair of corresponding features between the test image and the sample images.
Assuming all the discriminative features in a test image are P; = {p;, pa, ..., pa}, and Dy =
{dy, d, ..., dp} are the best match distances between feature p, (k= 1, 2, ..., n) in the test
image and the discriminative features in the sampie images of class [. Since the feature
with higher discriminative value contributes more to the identification of the class of

images, in the example embodiment, the distance d; (i = 1, 2, ..., n) is weighted with L
’ i
where L; is the discriminative value of feature p; (pi P) in the sample images of class /.

re
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pair of corresponding features between the test inmage
and the sanple inmages. Assuming all the discrimnative

WO mv48$1in a test inage are Pt = {p p2, ...,PEN}G0a9M000198
= {d-i, C2, ..., dn} are the best match distances
between feature pk (k =1, 2, ..., n) in the test

i mge and the discrimnative features in the sanple

i mges of class / . Since tq feature with higher

di scrim native val ue contri butes nore to the
Thiediisidncki edtdennhofest ifaigelaas Sheaéammagﬁ@es ofithelfe clexaiothputed
asenbodi ment, the distance d, (i =1, 2, ..., n) is

wei ght ed Wit h L, ft where L u is the discrininative

val ue_of; & ure p,- (p,-<= Pj) in the sanple inmges
of cID,ass-Z. g; di stance between the test inmage and t{z2)
sarrplei”nfﬁé?s the Ith class is conputed as the

sanptherd opigebe dfest imagh distanGh drotre faturemg ef the tekimage to the
sappis inages ofclashé sanpl e cl ass which has the mini num

distance with it (anong all the |ocations, e.g. 50

| ocdthedagt image fiethencassioppe tefthe reamelpgiasm wficht has the minimum
dissaneeprith eepwap s M logationg. ¢-8e5G lorations gthe eratelyee of the system
of e PRpIPle sRadinentiifinaibe oligwinorPE#idon Scheme |t will

be appreciated that, jn a practical application of

| ocabj,0n Mie gﬁjzl.j.,mogthere may be a | ot of scenery &3)

a location and the coll ected sanpl e i mages may be

| ns iditigle@itterfe8analUset RerifltsddSdnente Obj ects. This may
resu yilllod spprdcRERMRLEirea lopsctt Qippdadet bf 18&atioh Recognition, there
m&d@kt adt of BeenRhC btz loskiicH ah8 18 MNoliédled REMPRI MRigelBMay be
indgficint trer gl fifec tiRBbctile Wbjddie P FS¥BIPES anNintbi@plete location
m&defing NnGiddiibe, thx pifre whlth sl e i thelteBid hag ®8yuitk iBferent from
th€ eample imagasag fid syatent oStk texampiertdibddnatiaisti&dcase, the correct
readdnliion gdsutt meayl not b bbtainsk aelthctdhethel eatidrowliead tHegudeh & taking the
pigiuretislinghe Bst iohplades Whist thefsygtbadeisnddioddentifye syst em
intends to identify. To overcone the above problem
mul tliopdveraguertje abaggsoldem, msitigiel quenhhimageaamel wed in the example
engradinokniibnimprovei the covest rérogoidien eate. A poghsampbminagedor e best
matgiiing alacs da@be senteipek to thet irer ersisuahvarticaipnpT e gsé¢rscan verify
wheithay the mesulide komrect taignolsand denidey If diuiainegessafyi valekemore query
imyges bisWpualiy majehing evipipimnedrpictie withstoe scenentwhick die/she sees at
they tocationn Withdles @eltiple queryimages dissesien of therxarmple emipadiment can
Provigeasmpie (eliakiamajchied cesuligot FalcYlgingr Hecophidangedevg!tfr each
matplRINg BldARr y whi ch” he/ she sees at the location. Wt h
the nultiple query I mages, the system of the exanp
o rie Sl BP0l b B Tulion ohte RS e mages
}p Sk %U?aé?%’fﬁgatf g éﬁ?ﬁf@eircdeﬂ q.fe@? 1{5%4 64 Al g false -
gl est rﬂn? c§ ﬁ%cordmg to an example

eare,
%]fﬁ g(lz i{@ gﬁae‘g ﬁl d i ‘T‘ agé :?é;t% Olr::ﬁgsr;o :ngd

5“8 ?ﬁe\r/‘%“

%%% hlﬁF (?FI "{Sééﬁ‘ }b;%%g ur maglgoﬁ)ae]
rue ua S SN rjio itﬁ fop-most
5? tODOOS B(t % tg@‘ a va %\EEH n’ dat aset

m&g

( ' s éeee%tfroq]‘? uLéakl’g l 111& e @ We slt'tnﬂ ave the nearest
mighfs s g Jf& %‘ qzes fmposs may
1:3 r 51&351;% fhgﬁ‘gﬁe tr o | 6% m 190 't degion. To
r%tei"1 ‘ﬁgblg?&% ﬁﬁort r%%ul iﬂﬁ tatheﬂearest matching is
coh@biSleh AAdcnNgs GRkn IR ?:s r%gf cé‘?!tb al\nd its
m&bﬁlH&biaeé‘ls & tRérh@o OM"@ Se, the Géé?ﬁé’aék@@%etr)fﬁ}ér&ﬁery images.

elong to its top-nost
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mat chi ng cl ass, but possibly belongs to the top 2 or
even the top 5. As seen fromFigure 15, not all the

WQ ea9e/14838i t i ve test inmmges have the nearest nmaRChBGL09/000198
di stance with their correspondi ng cl asses. The false
positive test inmages may have shorter distance than
the true positive ones as shown in the dO to d-
region. To ensure a reIiaqu recognition result, in
t he exanpl e enbodi ment, the nearest matching is
con$irarariad secsrideqhierpnd comfitencs hevehizacaislated a6 aReeigdd below.

- Firetht, wibentaph& mekching nplgessanck icompnietichyi tige pysted bf thee Sxample

embodimat® for evby mpege Set¢dnelyusssumieshaisioedthe dirst nyerpby e M® query,
N qlasey P rrades.fzr om pijehavec apebase g thea tapofif indiehiog reswitsl The
cohfidena¢ tayeHoeplacsp ded cl. i bl ihddfioad asfolews,y, the top 5

mat chi ng pl aces are conputed by the system of the

exanpl e e |rrent for eve y query. Secondly, assune

tha{r]“ofr rﬁlg fir &u%ry o the Mh query, N pI aces (3%

| '? P Y £ (CERES) qd o ik h
r'f 'f &f%?év? gs J;Ip];e ? “% ga e’i etagg n’é repres szzmlggd’::
Ioca’nn n / is It ltog {n r e&(a Ifén t c(iE iﬁr};f
?Xe;a:g respeﬁo g I g*xﬁg&.ae@re%a@ R,, S 0in the
represent| ng the rankl ng of matching

reSLIH& e(/ Clorh g, o bR &hich 9 aVs 2tk t Li€hing fredut, th
refi@sile QH cbéncf@éi)% ' 1% LN' % Bicdiag ij%cr‘?ﬂ Tta rriaxrmunf
con?é%nEé%elnEp&UdeTo eluBed N8 exarrp e e”b‘)d' ment

| ocation / does not appear at the top 1 to top 5

mat ghingvegayl L5, tfpen R =0 in the exanple (25)
enbodi nent. For every place frompi to pN which
appeRised ah thd1@b&wvep ifllTAE Whiidict @8tuint locdtiR /28 SR Edpl V thatching
posBith, theneshfitievsel lebdl fop plachl i EatitdsCi aRhurangiiehee. 1. In the
exb@PRL dratfodihérh, iR, 0rB, eentbuleisesndidyel rdisols eholgheshd Be user
is hbesuggested ito eake leners qaelybmbled. However, tHe (s&b LalBasied tRIB result if
thé rturabo erampié irabde fobles different r@s theadcanery lbothatduerant lo&gion, and
takehmoteoquety imaeh inigerpess thie asliabiiityavhile ndimichereethé éalsd pdsitive.
pl ace / reaches its maximumvalue, i.e. 1. In the
exartblLex erbadhedonation fvith fiwex maxiy cerfidenaesiabdl i$ ssturned fo the
useoinsthd exaniple einkmidineent nthegdystean df thexarsgle ehodintent also informs
the wggfethakthetresulaleeprotably Wiragyandnugwets thiowesretp, tryt dgin b taking
mergraues) stages.hihe yses gan aisp ahpese f@tas:pemdhemntbleeem ffdge < 0.5 if
ih¢ deikeedi eBPiEniMEoe deksHebsiaatidly the fama @souiat dwelfshe sees at the
logagient Theraboxp appraren may engilie Hipt Hiesisesoats aireligbleasaulting shorter
timee| j ability while mininmizing the false positive. |
Lmax_ 0.5, the location with the maxi num confi dence
I eveﬁ'gq@ 1BeshAMserapls EoraParagrthe mumker ek r@ vectors before and
afignisgah wegction i?éc%'g'é'ﬂeiﬁw%‘f ei“HBP'% disnesrhBrReBIsntsahas been
Carffﬂ?? %ef%%’t r%et? & GXahRls| %daﬂaﬂta\wng a
f\ fr%gaeﬁ orn%q ll of these
f ge?ﬁ‘éeﬁ %b\é g ?38“‘%5% festzﬁ t? és?' gller size
°h rPig T he £ mag etsﬁ%”"}% ﬁ?&efé ea IoWEGESP ARy mobile
P §UB§?'§ﬁfq ally the same as what he/ she sees at the

Ioca}};\ § ab ré)nadc ens re ghat the usofr sature
v tre?\%\goq g ';EEE% 5}@% §Ig|o ae% t? ;Rdtthe
ecilvely. As can

N Forf u@i nE 35 Rink LA

S‘ tors d
foPéQEHJ irfia 3. AfBEHHe o% %eéa f %L?r@ redurct:oic ?ﬁz a?/teeggg

number of feature vectors is reduced to about 463. With the clustering-based feature
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carried out on a prototype based on the system of the
exanpl e enbodi nent havi ng a dataset SH conprising 50
Wpb@easssni t h 25 sanpl e images for each place. PET/S61009/000198
t hese sanpl e i mages are taken by high-resol ution
digital canera and resized to a smaller size of
320x240 pixels. The test imges forma TL dat aset
taken by a | ower - resolutlon1 bil e phone canera. In
Figure 16, line 1602, 1604 and 1606 represent the
redUctigh, e averae huebel sifetiue weetdre isfurthbrereducddeto @ifout 335. The
expermhant aeseic haves siadvire thad bothg bb theba Seatufee eddutitonr methotis ald not
saaifide tthe recoghition afcclimey white Wec iomberabft featuse vectiors is reduced to
aboltustfér pmegythivd o€ thefagiginal @nerreshectivan respectively. As
can be seen from Figure 16, the original average
nunmbegurefl7 ShéWs bedia reemperingoresoghitiancriatdwittmut eerificaiionagpheme
and gecrgoition 928 wilhf vesificatios schefhe actniding 6 @aterample embodiment. In
Figusel U@t icolimns hy 02viepesgentnibatyesulist withaut dhe vedications s¢heme, and
colugthg d€84 repregstithe4ealts with the teifieatigs sehemgy- based
feat urereduction, the average nunber of feature
vecilerevajuste thet meltipleeqissesi ang UsBovarifigaion scheme, in the example
embegirenteit0 neagest takely BomnBarPC; Rlageshaienussid tontegiethe recognition
acPraey W ree ginetei BerYret/FiBE she FoRBE! Beighour @8 thpdecognition result
W'?‘@B“o@ﬁﬁsﬁ”% ”H@%m'dag Kpfi the ap wg]'rﬁaﬂ%fe@recﬂorrﬁetgareﬁ@mzed but the
repaiingr % 2re &S de 8”% o it Ehes mugiplgn Ei“ﬁf)@gd dige prrification
SCB‘?W“ %"H%e%‘ﬁé a? ?—J@?%“W: r°‘ﬁct*g r't g%A IRGY £ shown in

r$3o80 Jt r‘f‘Cf gs P ‘?f %ﬁf'?%ﬁ“% Plfptes at
oo S e Ot S Pcdte o %f? e
4 queties g & grafa \‘g % g?oggngd Whm 6 queries.
THPS i"P“'éB & 7&’3% %Si‘“@ Lﬂ“FQ R?F‘f hout the

it LY%} 115 S“%C%g b e A e
8ilne he 50
l | ly rec lﬂji §rbs%w msEQI vérgganon of the

re rr?e%leﬁ]ag ethlé%% ich&a Bi{%gsregcsq tﬁ@%’g’cagééo% GAd third
ThE 4 n&a SeisnGey 8&" ecﬂﬁ:i' \9 8? eO e of the
ur{r&fb giBkd lo‘a ld'n% H cobtiddiellev@l SH PARRGR cE é@?ﬂ g se ér visual
m&khi @Ef L) ‘?étMm'eH‘?r‘élE% \ﬁi'if?thé QE&RGY bithé RS Whé;%qw e id.

remal ni ng 25% are | sely recognized. Wth

mul tigire BIRhbRS AMKwHsRl 1860 lifuseafiiLn ﬁﬁa‘ﬂﬁi@of trﬁﬁntammg a
ddtasadel & rafeferfdeliftdges Mkl datdpEREANEUdihg 2 Maraftadieds of images,
edilRd bE®dtiate @ With &N otdtiohicy Wbl At site 186G Qe tda@ltes of each
sdt aF @nadsy eRSidsniificdh At BRpmavae His@incey @eh@Seradsth local feature of
edvht setadvb tid |auaD tetuiel eoff gllbtHer (B Yare Weterpfinddn et step 1806,
dipdrinsiesativied featires 06f BAYHh aee of darges zad tiehhifisthly nemaoting local
fegtuesd dasad tort hige adaternined eligtand@¥ ADnstgp 21$08; athk odiscranigative
featires efcaghiseedf magks mardstqreel i es. Thi s performance is

much better than the single query result. Wthout ‘

userTre mietwdl andesyistane af thergxaaiptauembdéiraht tire b& @mplemented on
a booptiieo rgstamel Q08¢ schenzatidalt shawan ihi Figared@erlymayive itnplemented
ay sothyaiet isoshras @ avmplier foregramgbeiny &scdiesl wihinhhe computer
systanh 3004 andinsyuctngetisotainpider systene 1©QAtpIcondudidbé metbod of
theexamkiccsrsbodiment.ror rate. For all the 50 |ocations,

only one is falsely recognized. Wth the user's visual

ver i Thec gompiitest sysiemr 4900 wemirisegea aonwuteic agaittsi dR02, input
mpgles BHeT eaadkeyReeHi100¢ aRE NRUseHI@OBiansta Plelibref oatyt devices
suyahi ascP digpley 1 9PReaTpEEen! H8cogni zed | ocation is al so

corrected wth nore queries. One of the unrecognized

| ocations with confidence | evel of 0.45 is accepted by

the user after visual matching of the returned i mge

with the scenery of the place where he/she is. Figure

18 shows a flowchart 1800 illustrating a nethod of

mai nt ai ni ng a dat abase of reference imges, the

dat abase including a plurality of sets of inages,
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each set associated with one |ocation or object. At

step 1802, |ocal features of each set of images are
WO ceattafsied. At step 1804, di stances between eRCHISGWOND00198

feature of each set and the |ocal features of all

other sets are determ ned. At step 1806,

discrimnative features of each set of inmges are

identified by renoving |ocal,.features based on the

determ ned di stances. At st 1808, the discrimnative

f eatTheescomputeariddart 1902 israasctad € stigfiter MEBWBR 19D via a
sutablesyariseaivel debieeeranplie atdbedab®st ©a8 gbehe Internet or other
ndtwptkesysietrecsuch za (ceapAtear NS HEMANY GPVViGE Resm &G JVAN).

shown in Figure 19. It nmay be inplenented as software,

suchescempuatep uiaiulprioge amibeiergmpkenuiueds W bRicasédreio1s, a
Rargigpufecessyidermoryl FOOV) 4920 ams b Reztdi gy M@ne9 TR 1922. The
copysiemadde 1902 cusal irctudehen nerhbedofdfptt@uipkiaMa)dnterfaces, for
exampdrl ik interfatee 10840t e digsihyemMODBOANd oPrineeaca 1926 to the
keybo@dt’@4nodul e 1902, input nodul es such as a keyboard

1904 and nouse 1906 and a plurality of output devices

sucHhgscompfinepisag’ the GRMpitRY l'gvduh@ 6902 yplalih ecmompitaés via an
inteFpINected hps it 2%@ﬁﬁé¢eé@anr@r n@whisuthe perasnailied 19 12 relevant

alia a suitable transceiver device 1914, to enable

access to e.g. the Internet or other network systens
suchl & apriicaiionPeRprRigt RobRicelyaryrrlied\Vipdibearses dethaosdmputer
SV %H%?Ce Lﬁrbla %*au$teraggo@e¢wnt ﬁkéc'"eﬁﬁnfplcé? -ROM or flash
ef 2! '@gaeorrsswﬁa@nq @ ckgomRsliym drive of &
)a(g Q ?ﬂsi)‘ nggesrf repgoand gpatrolied in its
§ “t ¥ ¥ s dMEHEPHAkSs SRragisnBl Pragram data maybe
aclcﬁ?i’ﬁ 7rﬁﬁlt terfaces for exanple f/0O
|nt 032(% the 1908 and I/Olnterfac
eOn 2 wnre)ess
de%%% %% ‘?[ﬁa le e eéinas software,
b e ek RR00. and
m t % ?: ct%h
person ski e re evan e appl i cation

pr OghaMyirgiety F?Je‘?/@el Yo Q:B st 91 E) éjs%? m&dud %O input
mEQPLLEN a8V k f Mhofui hs‘és é(‘)d‘gunanga
caPiGh nisiufe Chra rQ (‘56‘7 Eth RS a"i’1ni nsor
cngrgé-b%hﬁeda%%é qerand lrﬁ%o @é:%o?td?@&?orﬂﬁ }n%m & apémde
S@nldaﬁ@;oﬁrqcm) e&echSs0cagdtie émak»h%éﬁn Pihgasogrami s

read and controlled in its execution he “processor

1918&hel grbesdses lne&cmmoo@%ec&fneeféa%mte@s ARG 2008 via a
suftaisio Mahbsanest device ROROMoléhBie WikGesRddnHuREatidCarfibr RRkss to
e.a fHRNURSEBE of thBE rctpbRNBetaas Glclk A4 (BHIRS SSYHEM CRr Mobile
coBiiiihicatiohe(@3 My aklworkh @atle | Divisiogukieltigle. AbéesEBYCIRA) network,

Locaphresendadrad /0] t\Viesiess Betebn@HAréa WQWMN96Mde Area
NeteorkgVéxtecut ed within the wirel ess device 2000, an

instructing the wirel ess device 2000 to conduct the

met [ibe. probessar meddiss 20621 ic ehe @REMpRNPLIUEES ApRICBSSSSIU12, a
Raroidui Ac286 Meraaryi (RAN) 2dduire s Relad Bnha Meeyradr20042018N The
pregespoit meddlel 2002 uaiso fwlwledi s plraper2Gf06p@rutauicMIB rigterfaces, for
exaowid €O duefaceT?l ctartbe alispiay 006 280Y71/Q aniprfaceeB0 2ol the Béypad
208énsor, e.g. a Charge- Coupl ed Device (CCD) inage

sensor or a Conplenentary Metal Oxide

The components of the processor module 2002 typically communicate via an

interconnected bus 2022 and in a manner known to the person skilled in the relevant
art.
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18

Sem conductor (CMOS) inmage sensor, capable of taking

still images. The processor nodul e 2002 is connected
W@ 00/14841 el ess network 2008 via a suitabl e traPrCEeGe9/000198

devi ce 2010, to enable w rel ess conmuni cati on and/ or

access to e.g. the Internet or other network systens

such as d obal System for Mbile communication (GSM

network, Code Division Miltiple Access (CDVA) network,

Local Area Network (LAN), Wreless Personal Area

Net worek appirRakpn mrogiade lsﬂ\ﬁmcalgtsr\mpkec( \M\Nhe UHee of the wireless
deyiesc 2 WornondediPe g2 staraghmegivamplich aselfiagle snemory module or
meMeBeaafsticioan regdrailisiomaMoseseoriditmmemoRAMaded Mitarnd a data
starage1¢VioR 1 2p244 Fbe wppiRatipn Poacdam T ceast anckertiolisd duitseexecution
by, thepratasgoi A2y deteraedigimetorage af miegramudaiamayl bepccomplished
using BAMREXS. for exanple I/Ointerface 2018 to the

dlsp}ay 2006, and I/0O |nterface 2020 to the keypad

20 A}.heT'f‘i'?th@g rstes 6f thenexamnie egbedimestigar beoged to provide
”Wg i TOERYALIR E’éif'%?s Ad ’@ﬁ?’ URRrE venfrecté darpiliar eitpihe place
thengr ?V"& DRHRERS- C%gei’f prdor ‘%ﬁb%%‘fm 8¢renh plage at the time

LA ZPEn 8 mh% G@ Ese éaplc?d the photos
?,Pé?’f‘ "9, 081“3 Akl S0 S RS e taken

WERChae orﬁw%W‘a%#é? KRy En HE‘E?&H??UW%% a flash

meng[ m-lFBQ%' Qr.. e ray car d/EA k uti I | Si n
aﬁéﬁ&é ) :e L ?ﬂh e{}s\%(ft Blerln ézhag m et
e ou
giﬂsﬁgﬁﬁﬁ%ﬁ rés@n ap@t é/rego ﬁi’ ? gﬁ i &l ;aesspberc?tzdtho/

acconplis égﬁu5|ng M 2014 The nethod and syst em of
t he exanpl e enbodi ment can be used to provide useful

| ocal information to tourists and )oca) users who are
not famliar with the place they are currently
visiting. Users can get information about the current
pl ace at the tinme when they are around the pl ace

wi t hout any pl anning. They can al so upl oad the phot os
taken sone tinme ago to get information about the place
where the photos are taken when they are review ng the
photos at any tine and anywhere. It will be

appreci ated by a person skilled in the art that

numer ous vari ations and/or nodifications may be nade
to the present invention as shown in the specific
enbodi ments wi thout departing fromthe spirit or scope
of the invention as broadly described. The present
enbodi nents are, therefore, to be considered in ai
respects to be illustrative and not restrictive. CLAI M5
1. A nethod of mmintaining a database of reference

i mages, the database including a plurality of sets of

i mges, each set associated with one |ocation or

obj ect; the nethod conprising the steps of:
identifying | ocal features of each set of inages;
determ ning di stances between each | ocal feature of
each set and the local features of all other sets;
identifying discrimnative features of each set of

i mges by renoving | oca
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features based on the determ ned distances; and
storing the discrimnative features of each set of
w0 pgass412. The nethod as clainmed in claiml, RES&009/000198
identifying the |ocal features conprises: identifying
key points; and extracting features fromthe key
points. 3 . The nethod as clained in .claim2, further
conpri sing reduci ng a nunberzof key points prior to
extracting the features. 4 . The nmethod as clained in
CLAIMSm 3, wherein reducing the nunber of key points
conprises a regi on-based key point reduction. 5. The
net Hod aé dnetha®dofi madntainiAds 2 detgkass ofdefeyicenimagesd the
da Sﬁo‘i’ﬁ‘tid'lnéd%d%'ﬁ"éwy c‘?j‘nﬁ?tﬁs%fs'”@ﬁ?ésﬁﬁﬁhoﬁ% gsPogipiedkwih one
JPRCE opisch thes %ﬁdH§VWﬁ'"€tﬂ? @sOfradius. 6 . The
met t‘é/é”Q:'Pa?' Uiss S8 frse % Mages: f yr ¢ he
PFeé’ ”9 &Eﬁﬂcﬁa & gcTbiocakierite &f eﬁ%‘%\ﬁ‘atr%%d the local

Fr@t”@ge slEa o e, S s Bl ieyige Tocal

feﬁr{ur
g CW?V# WQ‘?E% PR 020
bas d 0”1% ”&&w%dsﬁr?%?a% GO réﬁ‘slpéﬁgﬁng NBe local

ures avi ng di stances' to an
fe%tl] SC%%r L ets Iovver than a first
thr %§< g tg %mr% nﬁré}; Ial med in any one of

re|n renDV|ng | ocal features based

on t3he deher Mefied M %ﬁaﬁrﬁ%@smcagm'Zsefﬁrthérabﬁﬂar@iﬁ@%ducing a
nuﬁ%?%@ké))’ SongﬂssﬁlBHB O@lalcHso ¥l ragrdOr each Tocal
feature 'of said set based on the determ ned distances;

and 4 emovinBmked! RcahbintRpinUEgRm @aW%&a@'ré&Idlr@hﬂ@t hLYrﬁber of
kel RS corapestNRGIH- 1R8Ny ot hkedudtiod0. A

I mge based nobile information retrieval, the net hod

comy. i si Mpetrhéathsd a9 siathed REIAhAL e td@dég:@i-adsed key point
rechadtiohasgnsifset &hobsing ®nendUre &y poiaisnBd rdyiciaving Dhighest
radibai s 1 to 9; taking a query inmage of a |ocation or

obj ect by a user using a nobile device;transmtting

t he quer henmagtRod as alaiméd imelhintn2 se Byfarthecampaisimgredheing a
numeg ef exitdriedfeatuzexe i mages in the dedi cated dat abase

coupled to the information server; identifying the

| ocat i on Tive obijhedtasbelsivakdim alaim{7c h\é@relefr@d@mgetherm'geber of
extradted fegiyreistaoimpgises & digratchinal fsatied costering. i denti fi ed

| ocation or object to the user. 11. The nethod as

cl aiSred iTivegheihad 29 clained éi anc onpaf Flatng héo 7 nelgerein removing
logai ffeateirrse bAsRIy €8 BeriateEained dikanaest coreprseb gemoving the local
feaiifashhagng gistanpee terdnoacalsfealuse PEdhe ather spte lewer than a first
thiggBeldi n near est nei ghbour

9. The method as claimed in any one of claims 1 to 7, wherein removing
local features based on the determined distances comprises;

calculating respective discriminative values for each local feature of said set
based on the determined distances; and

removing the local features having discriminative values lower than a second-
threshold.

10. A method for image based mobile information retrieval, the method
comprising the steps of:

maintaining a dedicated database of reference images as claimed in any one
of claims 1 to 9;

taking a query image of a location or object by a user using a mobile devnce
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mat chi ng conprises: determ ning a m ni num di stance

bet ween each feature vector of the query inage and
wo eabassgivect ors of reference i nages of each | BPCHSGDNG/000198

or object; and calculating a nunber of matches for

each | ocation or object, wherein a match conprises the

m ni mum di stance being smaller than a third threshol d.

13. The method as cl ainmed i3claim12, wherein the

third threshold is equal to the first threshold. 14.

The frREEREENG e quenmisipgeno @ iafofsation saver  furt her

comsPIMEARY e cinagei Wiih aralRiPRch 458asorin tthe Aediprted oatabase

COHﬁ'leE’ﬁ% & @r@ﬁt'%é‘?%ge rratchl d| stance, wherein the

O g Hion s % edﬁe%qﬁsmc@ﬁggggiﬁ%g@eﬂir

met HGHSTEURY B ‘P'ﬁ

fon cod he i og ¥ ;‘i '%F AmPaghS firgmage iy
B EReq P hises e 2o PD'F‘F' Ilgcon‘prl Si ng

t tt hot fied | ti

&}ngri%\%&fhggn}ehz%ﬂ%erdg'f%do e‘zle":rr'ttg’;E h dW elr%'hgp?r%rggﬁaﬂe'gﬂbour

WA Skibah Qldvée' SHH Eatlne'

46t a acgééwa%%e%%% 'Efée%e e o Sl er\atYon %Y%%tf Glonde
Wi Eint éaﬁgﬂ ht EbfPriddie qul nélacj’l!% ‘élr%nJ k{%ﬁl&r g?a{*%nthwd
the8hy|el - 18. The nethod as clai rre in cI arrm

conprising calculating a confidence I|evel of the

i dental T i qthel PEAOLORS ChirRkY &¢idhaSEr WReERS et fhil thARold is
edbl 1RAE fifdh bk query i mages and the new query i nage.

19. The nethod as clained in claim 18, further ,

conpil Si Maet hidfisdd tesi BRlinded18MY ElHIRTsY 12NMBEE13, further comprlsmg
caloaenmges datd ®asé® dnhehelf@mbeifl of heateRnf bHeNGe alvangk &\fatchmg
didthecd, tiataif trechiieeavblerconipries 8l ndspediele@Mbaud. ourt h

threshol d. 20. A systemfor naintaining a database of

r ef éisenc&hemagited dsheatia@daibasy bnelofidiangs alplout 4l wherein the
ideyftifideg of the locatige o1 ogacttosgtrisas aowiliteaywisthvaifeation.

| ocati on or object; the system conprising: neans for

i dert6i f yi Tt methedd decltioressinaflaimath figdtter afonipnapgsransmitting a
samide phétorof thet identified neradps baobkjest th dtevesar. each | ocal

feature of each set and the |ocal features of all

ot hel’. setierreeihed fp clairdethin digimth o ¥ mhereiathe multi query user
vefifigationeomsrises tekingea new quURRgERIB! thenlooatinn ¢roekigct by the user
usfngathgr B9bilm slevice ranchisanfatiting the el e ciewgeatedaminfagnation
Sef‘(ﬂ* storing the discrimnative features of each set of

es. 21. The systemas clained in claim20, wherein
Beand Pegretnge asi ¢ ng inHaiy $6rupneraerRrising calpdating a

COP ‘ﬁ%’{F@ Jeye) of fthee igentifiest larRONRNAbIRFt §B8e%h AR dasUlls ofmpe or more
PreYRUT aYSRimreesang he ”SWrF&P%@@er ovver than a fi r st

thre hoI 22.. The ste as C| nclalm .

or rn srn%taﬂ ars&f SERrRPAdiansEting a

|0 g%‘ﬁﬂ‘ Te%er'ﬁ‘? qun S [Fee!\ph sidentified
Cfa Pn 858 e res

20. A system for maintaining a database of reference images, the
database including a plurality of sets of images, each set associated with one
location or object; the system comprising:

means for identifying local features of each set of images;

means for determining distances between each local feature of each set and
the local features of all other sets;
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feature of said set based on the determ ned di stances,
and renoves the | ocal features having discrimnative
wo adogess4ibwer than a second threshold. 23. A detESG2009/000198
storage nedi um conprising code nmeans for instructing a
conmputing device to exercise a nethod of maintaining a
dat abase of reference i mages, the database including a
plurality of sets of inagespgeach set associated with
one | ocation or object; the nethod conprising the
St ep¥apf: fOlrdléﬁtﬂilff/@ﬁgnélSPréﬁ'aﬁt'VQeé?%tﬂ@ eagohseleof dhages by
remppe ocalieebires hesry o Bedstargingd dig@AceE @] ocal
f eafMPeBs & Seréng Betdisgiminaiive flRptalestal £Agh ast folmaws
ot her sets; | dentlfyl ng dj SCI‘I m patjve features
eacRlset BF VP& "g LhVFA i’-%’c‘%ﬁ‘erﬁé‘a r@%arﬁa@éﬂjeﬁmfymg
the giscrimingfiyg fradur ege E&%%theéga de ;eﬁ gving distances to any local
fe?t‘i?"sa'c‘? b A W%ts Qe fraRagrstiuennddt of i nmges. 24. A

syst2 mf e bas jm b| e [ Bor tloﬁﬁer etri sfor Identlfylng
fea%més% %g d.7c ﬂﬁ‘& ile loﬁéﬁn gﬁ&%@ﬂ&%”ﬁ b

§ local
ocat on or obj ect user ‘using a

”Db'zbe d%\”dg@a {3?3%5 vj tc% | TRHfs %II hws ructing a

ﬁﬁf%@lcb%ggﬁ |n QataBB8 Bf 1@farence

imbgent; ésaaﬁgqoagaqnim&gyaoempg Feer N AL RS oo
wifh n%r 165t o JFdBfect ARE nBrddSe n%rls @l‘ﬂé@t del 19

|t QiarRkyitIoRAFESuAR dilgich emfl Lgks;/ ocation or obj ect
to td@%rHﬁﬁ:‘ig dRPancAs FbdesH e&agecapebums R ERER SeDEnE BClocal
feBRR SR biHdRSkiCct i Nng a conputing device to exercise a
et heghtifyig URBERITRAESE dedtbltl| & dadrosdtadf ipthgeettyl R¥Rlving local
fedtDRsRsBa @GRS BEIcHhMd Iditarfde8Pan®f © receiving a query
| Magerigly the HREAMIrRIAvE focBltS 6 cd@ked dbinsgdéser using a
nobi | e device; conparing the image with reference
I magas i A bysterlettr aabgd databasisile intterhidtibyiragictale the system
cohqeigaingon or obj ect based on a matched reference i mage;
and nhe=anssfor triaimaginingfaodeditated dbebede ofirdflience éndgdsi sadclaimed
in boy abe ohclaimsobje®t to the user.
means for receiving a query image of a location or object taken by a user
using a mobile device;
means for comparing the image with reference images in the dedicated
database;
means for identifying the location or object based on a matched reference
image; and
means for transmitting information based on the identified location or object
to the user.

25. A data storage medium comprising code means for instructing a
computing device to exercise a method for image based mobiie information retrieval,
the method comprising the steps of: ‘

receiving a query image of a location or object taken by a user using a mobile
device; :
comparing the image with reference images in the dedicated database;
identifying the location or object based on a matched reference image; and
transmitting information based on the identified location or object to the user.



