1 METHOD AND SYSTEM FOR MAINTAINING A DATABASE OF REFERENCE IMAGES 5 FIELD
OF INVENTION The present invention broadly relates to a method and system for maintaining a
database of reference images, to a method and system for image based mobile information retrieval,
to a data stdY8FEMEE I comprising code means for 10 instructing a coffrp(rg"deHdeso exercise a
method of maintaining a database of reference images, and to a data storage medium comprising
code means for instructing a computing device to exercise a method for imam based mobile
information retrieval. 15 BACKGROUND As mobile phones are becoming increasingly widespread,
delivering personalized services to a mobile phonie is emerging as an important growth area. 20
Providing loqgionfoRsi BN NS TEMOROR Gl AP TCAI IR Tohlpgationespagific information
include name of the place, weath%gﬁm@@qmwgg@ports, hotels, restaurants, bank/ATM,
shopping centres and entertainment facilities etc. One of the steps in providing location-specific
information comprises recognising 25the location itself. This can be done in several ways. However,
the congentiisanRhNyEROGIgation recognition have many limitations, as described below. In
one existing technology, Global Positioning System éGPS) device -based and wireless network system

-based methods afé'®8ERFE HVEEEPE Hiaaecrass dafomIPadeng ﬁtﬁ'é‘cf&ﬁé??i‘@ég%rﬁtion using a
o

Grs-enani STET RIS VAL B A SR Y o
recognjion haseing 3 MRl SRRk &Y SR FBIeS: SRarilp measkiiangulation of
the cellular sigaahat nabeshase statignsdar saieigatingdhempesiipnspidhermobiesdeviee. 35However,
the above |ocatioriictptermngtidingndthvies faexatids emsriatiast Ukacirane ressghitiorbigpeed. Further,
they may noffseniggisd igleavalonments including a shadow area where a signal may not reach due to
freququy interference or reduction of signal strength, and an indoor area or a basement that e.g. a
GPS signal @%}Q@h@gﬁ@, They also depend on the availability of such device and network system.
40 Another existing method comprises image-based location recognition that depends on an
artificial or non-artifigiahlasi@maicrisgoaren\isapment andathemconddéapsabor exaenng, in robot
navigation, tepetogicat asjaimEsctp nsaps oietimsaab &' emwying sequiencesdarpiaghoigiiuseeto assist the
calculadidn dPmrdtgriesstitrcerrsiioiiReEipsysene sush saNdre-BRER Reth baatomprestis
context-basé’g‘ﬁﬁ%%@%l%ggﬁ&iﬁvg}: o Q@%ﬁtiﬁﬁﬁ?%@;@ﬁri@@ fé?{?ﬁﬁ’ é@%@’@%lﬁﬂ@%uch as office,

kitchen, stre‘é@t? 83???3% etc. s(‘/%?ﬂ Sethod reliee on ?F]%nchﬁ%e?ts or objects appearing at the

S0location. 2 Apotherexsting melnacoempsissssurbnerasBlrsaaseaniiogaagyinformation
retrievals In thisiceeibo ts<sth Tagentakeniyiacamarabguseddogaha hestimatahniatagein the web.

The system trdpckiioksendimfiomiatiomabp imitséopkacs feneritind hedbmtext 6 associated with the image.
However, this method is hi%?%q%%endent%n the_availability of the ié%ormati,on on the web. Further, the

nformaion ey b AR FEI0ER SRS R R o e can e

s K sys F & precise foca of a
reliabilig praieMS;cation recognition using & GPS-enabled mabile phone is understood in the art

and will not be discussed herein. Location recognition based on a wirsless nefwork
system typically relies on various means of trianguiafion of the cellular signal at mobiie
base stations for calculating the position of the mobile device.

35 Howaver, the above locaiion determination methods have problems in accuracy
and recognifion speed. Further, they may not be used in environments including a
shadow area where 2 signal may not reach due to freguency interference or reduction of
signal strength, and an indoor area or a basement that e.g. & GPS signal may not reach.
They aiso depend on the availzbility of such device and network system,

40

Another existing - method comprises image-based location recogniiion that
depends on an arfificial or non-ariificial landmark, indoor environment and other
conditions. For exampie, in robot navigation, topological adiacency maps or the robot's
moving sequernce or path is used 1o assist the calculation of the current location of the

45  robaot.

Ancther existing method comprises contexi-based place classification/
categorization to categorize different fypes of places such as office, kitichen, strest,
corridor etc, However, this method relies on the context or objects appearing at the

50  jocation.



A need therefore exists to provide a method and system that seek to address at 10least one of the
above problems. SUMMARY 15In accordance with a first aspect of the present invention, there is
provided a method of maintaining a database of reference images, the database including a plurality of
sets of images,zeectigat associated with one location or object; the metHS& E6iHIGPI8HE the steps of:
identifying local features of each set of images; 20determining distances between each local feature of
each set and the local features of all other sets; identifying discriminative features of each set of
images by removing, local features based on the determined distances; and storing the discriminative
features of each set of images. 25 The identifyingzof the local features may comprise; identifying key
points; and extracting features from the key points. 30The method may further comprise reducing a
number of key poiAtsineoetatextaeting thefeatgresb-basdthplaes wergpibbthmainiobesigikey points may
comprise a Wb@%ﬁ BirRnrEtRYSHigHen by ?W@W@@ﬁdﬁiﬁﬁéé@l 9P ﬁ*rtmé@ﬂéﬁ@ﬁ%ay comprise

R s e

comprise a mg@ QAL S FHRRIT s, th&@%d@ﬁ&*@ﬁ%%'&%léﬁ@tures Paced on the
determined ;distances may 45comprise removing the local features having distances to any local

feature of the otheh setsildweridatmasistiiist Rrrdshcl e Boakratinig rebpeetitic idisdirinatve values for
each 136al fiaasirensfoiHig 3ePVeaeRI&®h the determined distances; and

SUMMARY

15 in accordance with a first aspect of the present invention, there is provided a
method of maintaining a database of reference images, the database including a
plurality of sets of images, each set associated with one location or object; the
method comprising the steps of.

identifying iocal features of each set of images;

20 determining distances between each lgcal feature of each set and the local

features of all ather ssts;

identifying discriminative features of each set of images by removing. local
feaiures based on the determined distances; and

stering the discriminative features of each set of images.

25 :

The identifying of the local features may comprise:

identifying key points; and

gxtracting features from the key points.

30 The method may further comprise reducmg a number of key points prior to
extraciing the features.

The reducing of the number of key points may comprise a region-based key
pomt reduction.
35
The region-based key point reduction may comprise choosing one of the key
points in a region having a highest radius.

o The method may further comprise reducing a number of extracted features.
40

The reducing of the number of extracted features may comprise a
hierarchical feature clusiering.

The removing of local features based on the dstermined -distances may
45  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.



removing the local features having discriminative values lower than a second threshold. 5 In
accordance with a second aspect of the present invention, there is provided a method for image based
mobile information retrieval, the method comprising the steps of: maintaining a dedicated database of
reference irmae@astgiafined in the first 10aspect; taking a query image &Ca/RESHHAOBIBbject by a
user using a mobile device;r, transmitting the query image to a information serve comparing the query
image with reference images in the dedicated database coupled to the information server;
15identifying the location or object based on a matched reference image; and transmitting information
based on the identified location or object to the user. The comparing of the query image with

reference images 4na)iaapREss-atNealiestineigikousimatehieger Goddléaaacest swigitiour matching
may comprisgsed deteemigiagneadnintamedistarice between each feature vector of the query image and
feature vectors of resferane éirioest Saetwae MR ERIGRHFOBIERE %H%%@&ﬂh@“&?rﬁ?ﬁ%\g‘r of matches
for each Io&&fﬁﬁ'i“éfﬁobject, 25 wherein a match comprises the minimum distance being smaller than a

third thfeshold. The thi olghmay b squaldg.hedirshdhisshold. A9Themetipd may further
comprise C?J%agegggaé %ﬁ%@@ﬁqﬂ%@ B%Qeﬁgghn@atﬁk&angﬂ%hameawageﬁ@mm distance,
wherein the-highashyate eipposes the nearest neighbour. The identifying of the location or
object may compriseistainint quisyicssed 3btabaficatfonferendEhisnsnan¢g ARy Tdrihdcbifprise
transniiftingears@iple photo of the identified location orc(% lect to the user. 4%The multi query user

e : - ! i & user using a mobile device,
verification may cqHifNSHRAITE IR ARTEIRAERTL W2 22

comparing the query image with reference images in the dedicated database
coupled to the information server, '
15 identiying the location or object based on a matched reference image; and
transmitting information based on the identified location or object o the user.

The comparing of the query image with reference images may comprise a
nearesi neighbour matching.
20 .
The nearest neighbour matching may comprise:
 dstermining & minimum distance between each feature vector of the query
image and feature vectors of reference images of each location or object; and
calculating a number of matches for each location or object,
25  wherein & match comprises the minimum distance being smaller than a third
: threshaid.

The third threshold may be egual to the first threshold.

30 The method may further comprise caiculating & vote based on the number of
matches and an average maiching distance, wherein the highest vote comprises the
nearest neighbour.

The identifying of the location or chject may comprise a mulll query user
35  verification.

The method may further comprise fransmitting a sampie photo of the
identified location or object to the user.

40 The multi guery user verification may comprise taking a new guery image of
the location or object by the user using the mobile device and transmitiing the new
guery imags to an information server. ‘

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

The method may further comprise transmiiing a nhew query image
recommendation to the user if the confidence level of the identified iocation or objact
50 is beiow a fourth threshold. ‘ ‘



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
45identified location or object based on results of one or more previous query images and the new
query imagévo 2609 Tsélinethod may further comprise transmitting a newP§IETGAMHALE 198
recommendation to the user if the confidence level of the identified location or object 50is below a
fourth threshold. 4 In accordance with a third aspect of the present invention, there is provided 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 %bject; the 5 system comprising: means for
identifying local features of each set of images; means for determining distances between each
local feature of eathssetaiagithaviticalthiritarseasiodirethessatdnvention, fivergris porvigedtiying
discriminativsSegturs S GHEaEN e AR ‘B‘yrif@r@%%ﬁcéh%ﬁﬂﬁ?@@s&a@éﬂ’ﬁﬁiﬁe determined
distanc%s; PIPNARS F6EBriNpaTS R RR AR AR Y S SARNLEFEP iMlagRE™ ™ The means

|

for identifying Ye (iSCHEVAue fealyTesmaNAmQyedbe dacat feabugs having distances to any local
feature of the other,sels lRwesthanrintralsththseshalden edhadoaansties ieniifying #he discriminative
features mayhsaledl dattespethvetiscestinative values for each local feature of said set based on the
determined distanowsrgndoreitevifiting |sisariaieivs FRAMGISErFAMafmPe $AIIB3I2Y |6Wer than a
second ¢hre&HBRYING io9@ &%B?ﬁ%ﬁgéﬁgjﬂ‘i‘ H"fo‘?f?ﬁg%;f@c?ﬁﬁﬁ‘éeé%@%@qt invention, there is provided a
data storage medimﬁa@(?r];?ﬁﬁg?ﬁ‘ﬂ% Fe Medng§orns rt%%?]a & %%msguﬁngage?ée to exercise a method
of maintaining a daiabaseAf refergnas, impess dibeidaiahas e:aRinAudino-anusalify pheets of images,
each set assegigied wilh@rrstasationcornbject thatmetbo deootpsisiags thevsteparot ittentifying local
featuressof eacisisaitiof images; determining distances between each local feature of each set and
the local features of all other sets; 30identifying discriminative features of each set of images by

removing local feaﬁn@srﬁgggﬁ dﬁrthg?@ggﬁnggg@&g@@agﬁﬁ fealures may caiculaie

respective discriminative values 10 sature” of said set based on the
determined distances, and remove the local features having discriminative values
20  lower than a second threshold.

-t

in accordance with a fourth aspect of the presant invention, there is provided
a data storage medium comprising code means for instructing a computing device o
exercise a method of mainiaining a database of reference images, the database
25 including a plurality of sets of images, each sat associated with one location or
object; the method comprising the steps of.
identifying local features of each set of images;
determining distances between each local feature of each set and the iocal
~ features of all other sets;
30 identifying discriminative features of sach set of images by removing local
features based on the determined distances; and
storing the discriminative features of each set of images.

In accerdance with a fifth aspect of the present invention, there s provided a
35 system for image based mobile information retrieval, the system comprising:
means for maintaining a dedicated database of reference images as defined
in the first aspect;
means for receiving a query image of a locaiion or object taken by a user
using a mobile device;

40 means for comparing the image with reference images in the dedicated
databass;
means for identifying the location or object based on a maiched reference
image, and

means for tfransmitting information based on the ideniified location or object
45  {oths 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 o
exercise a method for image based mobile information retrieval, the method

50 comprising the steps of:



storing the discriminative features of each set of images. In accordance with a !fifth aspect of the
present invention, there is provided a 35 system for image based mobile information retrieval, the
system comprising: means for maintaining a dediéated database of reference images as defined in the
first aspect; means. for receivin uery image of a location or object taken user ysing a
o Gayge, (SHERIS 6 RURATS 4 INAGE Uk Tl R BT e
means for identifying the location or.0bj reference. i an : means
for transrﬁifﬁﬁp o?gm l{%o'lﬁ l!)%gé% éf 5@%@%&’&0 I%@a%?ﬁ%%%gbjg%taﬁ%%tﬂhrg%%egr% %Otl)rlll eaccordance
with & sixth aspeefof the PiRseRLRSRiPRiherR SiREyded @ daasriarage sasliven comprising code
means for instruchngd; GQTHABRERAVE IR B3R BAMSRIE A RASR RasrAdRORnformation
retrieval, the mefhod SUGATRRSINGABR BIRIKYn Phe ideMABAIRYGH dedspieddlaighass. of reference

images as defined in the first aspect; receiving a query image of a location or object taken by a user
using a mobile device; 5comparing the image with reference images in the dedicated database;
identifying tye o ot Do RIPaysEl DRsEdp D RAVIRIGS! reference image; and transmitting information
based on the identified location or object to the user. 10 BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments ofiréauhestits ofithibarbettdionndidrst bditerduresiioag pard netlin e ayatinary skill in
the art fram dne foflowdinpoyrisieth thedugigib sy Wy foftewing plaitialy desariatison)wcriey with the
drawings Sxpimmerens. and fngariunsheRvyiihdiR Kidiahias Myditelling a system for providing
infofMation based on location recognition according to an example embodiment. . [Figure 2
shows aflowche{:rl%[fst?a? 5% @%1 Qels IR tﬁﬁ%{n}ﬁg?‘ri‘e? % .gpét@&‘ﬂgﬁ%wgﬂi@&tﬁﬂg to an
igure 3's

example Qﬁﬁgcﬁ%é’ﬁ .t'on r ngvrg’g%é%gm%)fﬁ: |aeg@r'51m°| {E?r%ﬁng how viewer-centric sample

images are collggiad ascaraing Iq AN AXAMRISSIRCH ISR LG0T RRSAERD G diagram
illusgpating, oMk QBRI SRR 5 AERIRple embodiment.

Figure 3 shows a schematic diagram illustrating how viewer-centric sampie
images are collected according to an example embodiment

25 Figure 4 shows a schematic diagram illustrating how object-centric sampie
images are collected according to an example embodiment.

Figures 5A and 5B show two adjacent images of a location. Figure 5C shows an
image a panoramic image formed by combining the images of Figures 5A and 5B
30  according to an example embodiment.

Figure 6A shows a sample image and respective key points detected thereon.
Figure 6B shows the sample image of Figure 6A and respective key poinis after a
region-based key point reduction according fo an example embodiment.
35
Figure 7 shows a flowchart illustrating a method for region-based key point
reduction according fo an exampie embodiment.

Figure 8 shows blocks which are used to calculate a color-edge histogram
40  according to an example embodiment.

Figure 9 shows overlapping slices in a circular region for an average color
calculation of an LCF feature according to an example embodiment.

45 Figures 10A and 10B show two separate images on which respective feature
vectors detected are clustered into one cluster according o an example embodiment.

Figure 11 shows graphs comparing respective distributions of inter-class Feature
Distance (InterFD) and Intra-class Feature Distance (intraFD) before features with lower
50  InterFD are removed according to an example embodiment,



images are collected according to an example embodiment. Figures 5A and 5B show two
adjacent images of a location. Figure 5C shows an image a panoramic image formed by combining the
images of Figures 5A and 5B 30according to an example embodiment. Figure 6A shows a sample
image and réspastiiaskey points detected thereon. Figure 6B shows the BERE@I#AANE Bf Figure 6A
and respective key points after a region-based key point reduction according to an example
embodiment. 35 Figure 7 shows a flowchart illustrating a method for region-based key point
reduction according to an example embodiment. Figure 8 shows blocks which are used to
calculate a color-edge histogram 40according to &n example embodiment. Figure 9 shows
overlapping slicesrigaLiredldikegiamhiaiopipaver agsenlos artabimtan ofieierlddssieatiwes according to
an examplelistadifireat B5dg unas-Nsasahek 108 BistncavingepBatécmnierjotsowiithiokerespective
feature vect@tsfﬁﬁtwmrﬂ@ctmfeﬁéw iftaoHE ERISERIPBREBIYThg to an example embodiment.

Figure 11 shows arin ective ributiops of Inter-class ure D| ce (InterFD)
and Int%a cl%ssrfgggg W%WS % i 098121 rgs o 2 g:h, t%’ % GEVEf Y are removed
according tq@aqh@(% RCH ﬁ@egtan@xam gg% WS graphs comparing respective

distributions of Inter-class Feature Distance (InterFD) and Infra-class Feature Distance (IntraFD) after
features with loweFigwer FDshnwselisovesihaibcotelifiga antexalifipleneimsoamieprI BRI gum 13 shows
graphstand e¥agleresaorigisgtl 2 respectively comparing distributions of Inter-class Feature Distance

(InterFD) before and after.a |scr|m|na We atur sguegH 2R ACCOK 'ﬂ@et?e@fn:r% g mbodlment
Figure 14 shaws 80 {séiﬁl Aies o ?hog e e 1 a%ﬁ@gxemple
embodimentmagestighing: i 9 %%%@%@d sHsutordiantobierpasiivmiegiemges against the
nearestgnatching distance and a graph of the distribution of false positive test images against the
nearest matching ffigtanced sbewrduigries everaringléherbairnehieslire veaigirdaBratWs graphs
comparing tREeRaAHEPSIoREre IR PFRE IR ERR.YBSEh reduction according to an example

embodiment. = Floyre .4, snows 8 ehalen Pe%r IRGSEOMRIARJAMHRAY, riligation scheme
20and sgcounifiqmEt M hASHlIcAIRRS i 51 &%m io.aB-example aRbRediEIRNT.  Figure 18
shows a flowchart illustrating a method for malntalnlng a database of reference images according to

an example embodiimeat! 28tegs et shoiiuaisthe matidididgramasfitaicomputeebgsterh for
implementintefeme e of aseERians eemBomimenbodimegure 20 shows a schematic diagram of a

ereless device for#mple%erw%ta sC Smé?[% %Eaagga?nX%Fn w lceox%g]u Srdle,@‘s é]r% "F)’og implementing

the method of an exampie embodiment.

D—h“'!

Figure 20 shows a schematic diagram of a wireless device for implementing the
. method of an example embodiment.
30

DETAILED DESCRIPTION

Figure 1 shows a biock diagram 10C illustrating a system and process for
35 providing information based on Iocation recognition according i an example
embodiment. The system comprises a mobile client-110 and a computer server 120. The
mobile client 110 is installed in a wireless device, e.g. a mobile phone, in a manner
understood by one skilled in the relevant art. The computer server 120 is typically 2
computer sysiem. The mobile client 110 may communicate directly with the computer

40 server 120, or via an intermediary network, e.g. a GSM network (not shown).

On the mobile client 110, the user takes a photo at a location using the mobile
phone camera and sends the photo to the server 120 at step 112, The server 120
comprises a communication interface 122, a recognition engine 124, a database 126 of
45  typical images for each place and model data 128. The server 120 receives the photo
via the communication interface 122 and sends the photo to the recognition engine 124
for processing. The recognition engine 124 locates where the image is taken based on
mode! data 128 and returns relevant information 114 about the place as a recognition
result to the usar via the communication interface 122 in the exampie embodiment.
50



DETAILED DESCRIPTION Figure 1 shows a block diagram 100 illustrating a system and
process for 35providing information based on location recognition according to an example
embodiment. The system comprises a mobile client 110 and a computer server 120. The mobile client
110 is instahe@ A mardless device, e.g. a mobile phone, in a manner uri{erSeMEBPBHE skilled in the
relevant art. The computer server 120 is typically a  computer system. The mobile ciient 110 may
communicate directly with the computer 40server 120, or via an intermediary network, e.g. a GSM
network (not shown). On the mobile client 110, the user takes a photo at a location using the
mobile phone camera and sends the photo to the.;'server 120 at step 112. The server 120 comprises a
communication inteFageida: arfeergnition £nginenkiad, & database L2Gthe4attypicaldmages for each
place and medebylatmd28tsT heiservard2oniecbanss'iié, shorpiniactiy soamnenieatomiterface 122
and sends tfsifi Wﬁoeﬁ@ this redesgAMGHYSHG né“ﬂzi‘ft Bc%lﬁ?"%éﬁ%dﬁ Tfhﬁoﬁ’@ e 124 locates

where the |rﬁ Erjg §%§§ @ﬁtr@g(?ngl‘?f&gét%base rgfmﬂ? ﬁoﬂ ﬁ about the
place a8 a que&ﬁfﬁ ) i i e GOBUNAP AUy il mfb& afae Hple
embodimentmdye of F@ louARLINtgx Héau@m ¥4, @&eﬂar@fetﬁé tb@d@a@eeeé/qaih@r the place,
nearby transpestmhitwiedsuliastacranistbank/AEMhsheppiag senttestaachesteitaugment-kacilities etc., is
prior construsteeraiad storetdrethie serv@rtiPOsgriRce Rafihke relinbitid i din. 'Fhdtréliyaat information
114 ald8 co#@ﬁ%@ﬁ%%ﬁ%Fﬁ@&%@@%%&%é@é%ﬁ%Hﬁﬂ@%ﬁwrﬁﬁﬁeﬁtﬁ%se 126 in the

example emBoaTHEYRIAL step 116, the user verifies the recognition result e.g. by visually matching the
returned typical image, of theigrcognized plags Wit HifcRcriens ofihe-piacs, Wherr-preigy If the
recognition rgsdlrieMNohacseRicer akidd@nthe Waer aaaBear ancihsiditernpitageteibedserver 120 to
improvesthe specgnitiopackirasinima thenmsliabilitgrobtheTieseltafbighoan dSenstioesgaitk and reliable
place recogﬁm‘@hca}ﬁutthmamﬁéeﬁﬁ@ﬁﬁmﬁ)ﬁr@eﬂ??ev&?@aﬁw atihese gkilled %Fh@ ﬁ)@ﬁlons of the

l—t‘

description Wfﬁéﬁ%‘ﬁ%\%% VcWB?ffﬁ?BHE r]ﬁ gbsirg | Ffi'functional or
et e D Rl T e o
descripgions gnshidReiian QlsY QRIS reBERRNtARRE AR S‘cﬁé@@@%é@%@ﬂéﬁ@@ﬁ%ékﬁ'ed in the

data processing-aItshaepRveyomestefteaibebairasubstanganahibaitayork to others skilled in the art.
An algorithm is here, and generally concelved to be a self-consistent se uence of ste s leading to a
desired result. The‘éﬁ?@ |c?éﬂdrﬁ§ @ﬁbf‘i@”?t‘i‘ %aﬂ &ﬁltles such as
electrical, m3GREHEBFIRH gﬁf%i Eﬂa?gg E (gléiéiﬂs %ﬁ%ﬂﬁ‘“&o‘ ol @Zma'f‘npared and
otherw e ma. fw or th %@Qe gﬁg c‘%a{%&’% S%?ad %Q@ %Ipe following, it
will be appregiaig été%trﬁﬁﬁ@@em@wtﬂaeraéamté@@ﬁm@@ Qﬁrrﬂﬁ@é@&@ﬂ&éﬂi&i% t@ﬁya&auch as 25
"scanning", "gadettrEngithirdeie nnining!, syeptading vitgedetating!iindtatizantsd "autptiicey”, or the like,
refer to the antiniitesd WitioetsesonfratsorpysianT oyswm, oiamelian clisstasnid W&,@giQhaQFmanipulates
and traR8forrAis iRt APuEFEsented as physical quantities within the computer system into other data

similarl_y rt_apresentaq7 P caI %%lgaqtl leswithin the. ¢ uier sy ther information storage,
ransmission gt S TeEEs Soaroustie oseals e ARl for
performing thg %@raa%aa@f éhw@eg Siiebrapparatusterydhe-sperialisponsivaciedor the
required®urpesesigarat sy conspriseier gengrath psipesarcdneputenaieotitedeipudsetectively activated

or 35 reconflgﬁtéﬁ/bpraaﬁﬂtﬁélﬁﬁﬁlpr@’ raﬁﬁ igfisentin M@t%?ﬁmmepamﬁ@aa@@nmmg aeinfisplays

presented heﬁ‘%ﬁ’ﬁ"ﬁ?ésno‘{ H‘é?eﬁﬂ %\ r@\ i %rﬁ fé"F%r thers ?%ftug‘ Various
general purp8§%° 'E‘fﬁr’f’@e rﬁ%}}&ﬁ rlgié r i éz e ecoré%@%;?ﬁ ﬁﬁ%t? achings; herein.
Alternaggelya@fg, & 0 l% gga%t% gEQHBheLequired method steps

may be appropriate. The structure of a 40conventional general purpose computer will appear from the
description below. in deadgiddition, threserésemapedification aisdidinplidiodisclesesrapgnputer
program, in tReadENeidiss & a?@ﬁﬁtﬁoﬂ?é F@dheskﬂfé@ﬁﬁ@@é?ttﬂ%'fﬁéﬂhﬂﬁlmﬁfaﬁ@#ébs of the

E@f@ t pl-%computer code. The
method descﬁ?rggu@fgﬂﬁggﬁ %yss r:;tt§ %ﬁ?ﬁg) Q‘e :red %r%? péﬁiﬁiar programming langusge

and implementation thereof. It will be appreciated that a variety of programming
languages and coding therecf may be used to impiement the teachings of the disclosure
contained herein. Moreover, the computsr program is not intended fo be limited to any
particuiar contrel flow. There are many other varianis of the computer program, which.
50  can use different contmE flows without departing from the spirit or scope of the invention.



45 computer program is not intended to be limited to any particular programming language and
implementation thereof. It will be appreciated that a variety of programming languages and coding
thereof may be used to implement the teachings of the disclosure contained herein. Moreover, the
computer pregrax?issiat intended to be limited to any particular control fREW/SEE9& A% nany other
variants of the computer program, which 50can use different control flows without departing from the
spirit or scope of the invention. 8 Furthermore, one or more of the steps of the computer program
may be performed in parallel rather than sequentially. Such a computer program may be stored on any
computer readable medium, The computer readable medium may include 5 storage devices such as
magnetic or optical disks, memory chips, or other storage devices suitable for interfacing with a
general purpose Gontigrtesre] heneompuitee readiabletene ok apraistein olgdesd Hard-Wied medium
such as exa@ersiified in trsslisioaieard) §f‘e$ﬁq‘éﬁf\%’l§le%i§ﬁwéﬁﬁmﬁ Eﬁ‘”ﬁ@ %gi‘ Iﬁfé”gc e GSM mobile
telephope *%{gtéw‘ W%@%@Eﬁm %ﬁ?ﬁ"’%?gﬁe\e%gd%éﬁﬁ%é ?&Eg.g # defcid-purpose
compu e l’g ara blési}gl e peaferped method
Figure 2 Sh%&@rf EB H§U’@é'% RRLAGessetilearsing aéa@ﬁma@smmaelmmm accordlng to
an examplesﬁéfﬂhawmﬁr&iaéé stepi0 2psampiedmelties (. ehdr@idin g rhigedrtwemeslieetmd. This can be
done basedToa eowipvteTRtegTaiG wh@bie%ﬁaﬁeﬁﬂﬁl@%Hﬁétﬁ@éu%ﬁmdﬁﬁ@‘éﬁfmﬁét%ﬁmer location or
object 18catrievibyiFealF is feanewaresPativeRMeYr ihe SrRR&f-BemrEratRet Wmple images are

stitched in the ex m d|m tif th re areo) erlapping tegions; Atsien204:keyoints on every
image are %Er&fa'iagn AGF% 1 W hag g{m%@ rﬁ%@@d@@@ﬁhﬂ?a&ﬁg@ iegienmiaged key point
reduction mgthegh &; aﬂmgaia‘@arw@:t&emaated anveaeh-keyiromt chik2teteic 210, feature
vectorg®n th@tﬂfﬁag@@ﬁ@@brpﬁdlmmrenemsterajmmost@pemEcaiwmnmwwa@@ﬁe"%ctors are
selected as m@eﬁ\cmtai:m@@V@N@“‘E}%ﬂﬂ@i@%ﬁtléﬁ“ﬁ*ﬁd%?@(ﬂﬁ B‘i@'?@‘\?é? \?re 1) for the

recognition é % g M5 ‘rgdt C?ﬁ@‘t%cﬂ Eﬁﬁ%%tﬁ qu%W chematlc
e oS eI Fgaeaamq ARy e
embo%e” Qﬁmﬂ%@@&ﬁ&@fﬁn diffgrani-posiiens withigisridain: digianesto a specific
geographic [g&afiRR=302 Mﬂéd&&uféwsdm@me@emaﬁm d3661 0GR 16,13 b2 {1@&lidcation, The more
representatiyedatistabimpletesanide fFmge $) dretosliecietiion erwinepldedT tsshbtietsécognition 30

accuracy can be achleved For example in a prototype based on the system of the example

embodlment 255 cted lace far 5 Gces, for dhe viewer-centric dataset.
&@agé@ara?% o e e e collected

Figure showg ag ngbqg&

according t%@@é@ RMBGHINE Fhin m@e&am@l@tmmaé@a Qleﬁ@r&pa‘ﬁfw@%a@gs and
distances 4Q3w404 settienar dssansakjecse) 0T e Indie S dfespreTerably dakpresnpdpalar areas
accessible bgnmsmmslmaaanSmﬁsmﬁe e sgé@ﬁﬁ@ﬁ;@c@ﬁhléﬁfmethﬁfé’% ff@?ﬁﬁﬁ'@@@ at other

places 3All r@%%ﬁtéﬁ()ebéb?éﬁ@%‘?e n‘B lfd % I%”d B ?o have a
complete re en@i é ih%S Tﬁ&"? FEIRERERD ? e o%?ggt 2diric & i asetir Oneia “prototype
e

based on the sys[e example embodiment, 3040 images are collected with different number of
images per place fﬁrgﬁr@tal SRl plagesndriguresrad andihRshewivadjadiaeenicinsagee 510 and 520
of a locagioninfdges eadb aflshaivececpiinp tarat sxmgees S0 forimediby tromdomingridgdmarges 510 and
520 of FiguréaksAfemm %Wﬁﬂ*@ﬁtéf‘@n@k@?ﬁ &Q%ﬁéﬁln%tt%@r%eﬁ’i‘lﬁ hfé’@ 5'}5@%3 region 512
of Figure 5A'Wéﬁ%ﬁ?\ﬂﬁﬁﬁef GF@t LR gﬂé‘ reser%aﬁie 58 images 510
and 520 are ¥5MD ﬁ@@ % %ﬁﬂé R p{&%@ ac ng 30 such that
dare prerera

overlapping feGiaRS, AL ﬁégﬁ%@m@@wasqsm&%e - &osluisions may
also be rem rﬁflﬁ'ihg eb@ﬁhg% &ﬁ@bmeﬂihmewg@@@aﬂmiimwe&tarafﬁmm imstead ©5f the original
sample |mag&$§esao@rmcfemesta¢)qfetﬁrés@n6$he characteristics of the location. Key Point Extraction

5Figure BA shows a sample |ma%e and respective key points detected ther(?
Figures 5A and 5B show two adjacent images 510 and 520 of a ocation. Figure

45  5C shows a panoramic image 530 formed by combining the images 510 and 520 of
Flgures 5A and 5B according fo an example embodiment. As seen in Figures 5A-C
region 512 of Figure 5A overlaps with region 522 of Figure 5B. In the exampla
embodiment, sample images 510 and 520 are combined, e.g. by image stitching, to form
a synthesized panoramic image 530 such that overlapping regions, e.g. 512, 822,

50 among different sample images are reduced. Occlusions may also be removed after



Figure 6B shows the sample image of Figure 6A and respective key points after a region-based key
point reduction according to an example embodiment. The key points on the image of Figure 6A can
be calculated in an example embodiment based on a method described in David G. Lowe. "Object
Recognitior¥beaobaéaiiScale-Invariant 10 Features”, Proc. of the Intern&§Sr¥F Rt ce on
Computer Vision, Corfu, Greece, Sept. 1999. pp. 1150-1157, the contents of which are hereby
incorporated by cross reference. In summary, the following steps are produced: 1. For a given image
colour channel, a Gaussian pyramid is built, where the 15differences between the standard deviation
of the Gaussians for the different levels are about’square root of 2. 2 The Differences of Gaussians
(DoG) betwessmtheitenvets aftheqyreanid-=ane cosgpated. Ls3d Tistcmtal thaxinnelf sachidevel are
computed. lfnthgés Variesdrisareetde thareab Pegharadaristspn rurisied by the maximum value in
the image, then conS|der that re on as a valid interesting region and insert it in the regions list. 4. For

each reglon in the §¥ I%ﬁ ﬁ'?gng mputed using the maxi gug 1080, Qrigntation histogram
computed for g, windo e, S12g aiye Qd@%gp@@r@esg& r%Srefgjii %éffmﬁte% gdiment, by
using the ah@g@ﬁrlﬁ@mwtb@adaawﬁ&aa&m&rwgh@t@b@fpteahnﬁaed@néhe ThEMBERefkey points
detected in an tmapege afdékasetdangeshioricalztet B08tebOIe 30KeyPoinbRedustien Figure 7

shows a roW@t@?ﬂlmﬁgﬁf 'a Rritidod 16P 6?*31?858& iy @tnt'?@dh%‘tﬁérﬁé@éd?dﬁﬁ@% an example

embodﬂ%ent’z %ﬁt% aliona xO g@rqnﬁ opﬁu Grﬁe‘tels the radius
and a is the %ﬁ?ﬁrﬁ @“& e'!( ety or de;k/)ypomﬁx y)) are

detected in a reglon 35 base on the method as descrlbed above. At step 704 the salient points are
sorted according tgéheir gadiusdiam drclargeatiel the Smakest, pyear(Rs P Byl , WyaAhstep 706, a first
point Pi&s initializedfiesaieep distweith the mmﬁradeoneofﬁmeﬁ@t@q@ﬂ@@raﬁ@dﬁf@depbint Piis
initialized as the pdAMeiRAFE tRROHESHYATR) ES: j=1i1. At step 710, the square of a distance
between the fir pdiiit B](ﬁ%’i‘f’f‘ﬁré é’éc%?t‘&?ﬁ%rﬁt @ors:’ 45%%%Wa 8 & E 8fnt53r8 AL the square of

a threshold R. ;- {{L Hietange isdauger dhandae dsshels Relesecenddexpaiah Rids kept (Step
712a). @dherWIse, B SeGRRHNE DRIRER bisiiseatias(ieR nlBbImEbatienftenzithe aeond key point
to the last key pointifdheadistveRy mieRiong agoibthadlistaricerbibbvreginrdSainy one of these points and
the first point P%.isHessattaredien thréhshisid 'R odsstRBgngdiprmpyiahgvied emakiadistaiue in At step 714,

the system checks%h@tﬁ@%é‘&F@gﬁﬁﬁtéR@?%ﬁn%ﬁrﬁ‘tH’é‘néjé’H’eﬂfsngéﬁtzﬁoﬁ‘l‘tg"]|ét‘ Phe result is
yes, at step 716, s AETo 714 are repeated until all 50salient points in the sorted salient points list

have béen tested. |f the ssuibis BAnakisien, dP.Ehs, fhepiemeahecks W \ether Baleaye remaining
points in the ee@diist: [T iharaaranat wigpef 29, IS PsifSiactid aerepeateth usingdhe next
remaining pataigas Rirnabbatl 3b@tce?fiiining key points in the list are examined. If there is no other

point in the sorted list to use as Pi, a reduced number of points P1 (x, y, r, a) (wherei=1, 2, mand m
s 5n) isggturned. Kefbthaigashdb@sa will not be more than one key point in any region with R2 round
area. In other wordrigheee s soilysonefikeypairiusithitiye dargestd aidiu sspitefasandR 2eotind region if
there are mowmt@ﬂ(ewptﬁm@)@Qtﬁt@ﬁﬁpﬁtaﬂé@iﬁ‘#nﬂ|ﬁél$§e¥E%t%aH§ﬁDeI@ftﬁé“R Bifits are more
evenly distriduted bt { ih % ﬁib {88 Fhthe initial
rumbergl BT @% iy g@% e o o {1 e omen: can
also sighific J&t%;ﬂﬁ E@ LRGANS Gradingiihg r%cggmﬂzﬁ 1 AECLIAGY=dIyXPeriments
using the sysiem:of e@xamﬂlgst%ﬁbﬁimemmﬁah r&@mmdaaaﬁm:ht&atwen@ ctignythee aumber of key
points second point P, is inifiafized as the point with the next largest radius, i.e. j =i + 1. At step

710, the sguare of a distance between the first point P, and the second point P is
40 caiculated and compared against the square of a threshold R.

If the disfance is larger than the threshold R, the second key point P, is kept (Step
712a). Otherwise, the second key pomt F; is discarded (Step 712b). That is, from the
second key point to the last key point in the iist (P, = P, to Pp), If the distance betwean

45  any one of these points and the first point P, is iess than the threshold R, the kay point is
" remaved from the list.

At step 714, the systemn checks whether there are more key points in the- sorted
salient points list, If the result is yes, at step 718, steps 710 fo 714 are repeated uniil all
50 salient points in the sorted salient points list have been tested. If the result is no, at step



15 is reduced by almost half and thus the number of features to represent the image is reduced by
almost half. Experimental results have shown that after this feature reduction, the recognition accuracy
is not substantially affected. Local Feature Extraction 20For viewer location recognition using
viewer-centMeOstifiH#idages, in the example embodiment, Scale Invari&tiREatIPOMighster (SIFT) is
used as the local feature for every selected key point. SIFT is computed based on the histograms of
the gradient orientation for several parts of the region delimited by a location, where the weights of
each sample are determined by the magnitude of the gradient and the 25 distance to the center of the
location. In the example embodiment, the location ‘5 divided in each axis by e.g. a given integer

number h, whightresyiisdncadetahfdigrndistiens amsiaing park anaoiihemibawpga 8 samples,
where n represtens 20 estapm BlES iediod sizeepaiabistipldeatiex recaiigomusingrogrtatentric sample
images, in afhe3Bresiainpevepabidelimenst lishars S@T@B%&fmﬁdgm@“@mmtaﬂeww represent the
featuresof t’gﬁ?é%?ﬁ%%‘f @JFQ‘B’%‘F\BM@‘E‘E)@WWH% %ré (R HEYRIETI At a coloRBHEEhistogram

e

accordlng to embodiment. As seen from Figure 8, each group of lines represents one size

of the block. In the gxagnple grokogimenbdiffewentsizes a@ytﬁerﬁ'%mwga&%ﬁwsmﬁ@fe used to
calculate thesggomedge WMQ%;STWMQ&@M@MﬁmQ@mewm@%QU tafygech block to
form a concatenatedifedttirersy @ctomcthemurabepiotfesitiirg veﬁte%rssd@pendaipnﬁb@mmnyber of blocks.
It shoultPbe %ﬁf@bfﬁ%@@ Hat2eIy @U%ﬁ%ﬁﬁé@@@éW%@Ré@@re@?ﬁm@ B)rhes-shkayation-value

(FISV), hue-8% gifian hednifial gu eeérh%aﬂ%nt the HSV
color space reclim E@f%%e ex%é@i Lﬂbt?{ %:xan a'g ss n: @;ﬁ @ig S%N(Cgllated on the
three chann%l@ @kéh@l@&%@&lﬂéﬁ@@ﬁ@r ﬂe@,&%&&t@e ﬁe\ﬂ@ é e num 3&% tograms E(i)

are the'Goncateshiion bf histegrastsoiithe:Sokehadoe ma@mwétetﬁwm@daw@ﬁaam@e(ﬁé =00))(2) 11

The MBH in tedvescarnpleisasbotiihebrisrirweighteslito rieate redem ofhedlafendhed geahistograms

calculated ofitOHE PlotR RAneRRRASCHRS g sURsEt afRSIPRage, where a and b are parameters

less than 1, 5MBHG;)CQ Q%S?%%% In an alternate embodiment, Local Color Feature (LCF) and
BN ;‘e

Local Ggjor Histog REEHSETI0 SRRESSOhINGSAER Al L 1BeAIRR O nishe color
feature in a GisgHaE regigis@UNGEaR KﬁVaﬂQWtFEéI@réegﬂ%iér g |eted i@tgs@c%%qﬂ@da%gl number of
slices with thiededtice mmmmageppbhﬁtmEh@w@hqmmdobﬁseﬂvmlamomc@taﬁ& dfighere 9 shows

overlapping Qﬁﬁfééﬂfnoa%ﬁﬁmﬁrf@é@@fﬂdri@rﬁ%weﬁa geaststordsiitoistion afierric@F ibatariaccording to
ﬁtﬁ"@‘iﬂ? Wﬁ@ %ﬂ@‘&e@ﬁ% Q‘@td@}@é eftthe LCF

an exa le SRIBURI NSAMRE
C
feaure %‘fﬁgﬁ%ﬁz ?E% 4 L%é éﬁ“"?ﬁ : e ﬂa Beon < T oo
embodiment L5145 & et h@?@@%ﬁ‘x"&%’ﬂ : 5&%;}?&&%@3 ZDLCH(1) =
{H(0, S(i), V(01(5) Feature Vector Clusterlng
For object location recognition using object-centric sampie images, in an
30 example embodiment, mulii-scale block histograms (MBH) are used to represent the
- features of the iocation. Figure 8 shows blocks which are used to calcuiate a color-edge
histogram according fo an example embodiment. As seen from Figure 8, each group of
lines represents one size of the block. In the example embodimant, different sizes of the
blocks with position shift are used to calcuiate the color-edge histograms. The color-
35  edge histograms ars calcuiated for each biock to form & concatenated feature vector,
The number of feature vectors depends on the number of blocks.

It should be appreciated that any color space such as Red-Green-Biue (RGB),
hue-saturation-value (H8V), hue-saturation (HS}, efc can be used. In the system of the
40 example embodiment, the H8V color space is used. The color histograms C(i) are the
concatenation of histograms caicuiated on the three channels of the HSV color spacs,
ie

Ci} = {H(G. S{), V(i)} _ n

The edge histograms £(j} are the concatenation of histograms of the Sobe! edge
magnitude (M) and orientation (0.

E() = {M(i), O} : 2)

45

50



Figures 10A and 10B show two separate images on which respective feature 25 vectors detected are
clustered into one cluster according to an example embodiment. After the region-based feature
reduction as described above, the number of feature vectors in an image may still be too large. In the
example enB8ditsHB44aIhierarchical clustering algorithm is adopted to gFStRSSRIE WP similar
features into one to further reduce the number of feature vectors. For example, similar feature vectors
1002 and 30 1004 on Figures 10A and 106 respectively are grouped into one cluster in the example
embodiment. The clustering algorithm works by iteratively merging smaller clusters into bigger ones. It
starts with one data point per cluster. Then it look< or the smallest Euclidean distance between any
two clusters and Metgemtasthinsatustessitinibe: smallesiristaneeatetaianetissesnior an example
of a clusterirgigddisitorarsuitaibléafer 85 ose iivtherbichriqriasems telimentgrafcieiioeisagade to
http://home. d&8EfsofididtraeateRieteiRIS temnm BR0torial html/hierarchical.htm( the contents of which are

hereby ipcorporate cro f e. In the example embodiment, the merging jg only repeated
until a tegrmination &%ﬁi&% %Fga%é??é% In the example embodiment, the distance @f(r), (a)] between

two pair of nearestiglustessdiais) dmbsaehdfas the) tersinatismgonditien. &Hn.dsl Tsin{da),(6)
where i, j are+aloghastiat ) the aserend clystedngtdSEherdistdtne isweditgulats imnttireceiample
embodimentiasonr ding titceaie ragen lRTkege teiseripdrnetotkaimdissiedesl tgalresaveage distance

from an’ me@ﬁaﬁvﬁ%ﬁfoﬁeegw‘ %fgﬁ%&'ﬁ%éﬁm iR Gﬂﬂ‘éfrfaﬁ%%é?. s ‘;?aﬂd s H‘i@"‘éﬁ%%ggnle
emodment S AT T R P g v
clusterlng_ to;gs%"@_ rahelpssiicRiondEs Ul _ ,%'E@@W@aﬁ!?@ﬁé& m&%m@gﬁé is collected at
one location and is used to represent that location, and a Nearest Neighbour Matching approach is
used foth classificatislil Byréfe@ifiy Bthe. digidhce ikte@h the test image and tHe)correct matching
sample image, an initial termination distance D to terminate the clustering algorithm is obtained in the
example embodiment. The number of feature vectors then becomes the number of clusters. The
centroid of the clu l’ﬁrﬂ@ I?’?ﬂpie:f,”ﬁ’,ofi.‘mﬂ?t(vbﬁ&ésrﬁh% AOPUMRIERA BF & febtlédettor) is used
as a new fea?ﬂ?%“@s FYPrEré8ent the 10cluster of feature vectors, i.e. C, = -(7) 71 where fly (L
=1,2,5gm)is the;_qﬂgjpglﬁgr&tw&wggpor in the cluster, and n is the number of feaggye vectors in that
cluster. 15 With the newly formed feature vectors to represent the sample images, the test images
are classified again into different classes of sample images in the example embodiment. The
classification resultdggorapatesk ithsteamyevious classification result. Depending on the difference of
this classification resgiliAR OhencdusoSringos condapted=? ragainanithihibe tesmeinatidastlistance D
adjuste@&o DracirsThdeoiblerp ricastsis intpeateduiiethecbersinddssificatmnnte sulbmiastieved and thus
the final termfi&fide diedigncersRtl fﬁg’fﬁ F%S’PE;ﬂﬁ;ﬁté‘r% M%}%ﬁﬂ‘%ﬁn? nug@az;@a AR above
rerminaion IR CTREERCTT Secolb in 0 2NE EORIRE I BB Rl Tan
advantageously e Gce: i BB BELQTC\ISTEFS. WhH S RIRMEN NGRS LIS 18R tpIoSly merging
until onbpone; ghusiarigiraingARiRgrIMMAlivedieailie: JRleste hbasrebiretderagsiRiple
categorizatioamacdisemniTativiesedty elgarttive detived 8&-#tvnlyinterstipssrdissinhiksity imeshape, color
or texture. Holgesepnfsy iinsigas wikewng dalEotrdborlgulsieh, Therelintegkadebiramyralisthite object
with consisteRt@figfe ASREFSFENSaUR ML %ﬁ%ﬁﬁ?lﬁﬁ%\t@ﬁ%ﬁ%@ﬁﬁt@;ﬁ ﬁ\;ﬂﬁ%’ﬁd?%% representing
the locagjon 6358?@&88 ﬁ‘%W%W t @E& %i’eni&?gﬁﬁ;@% © qaéé’elfﬁﬁegéqs%?é’gt “@yf i O(éts or features
on the imagegcapiredifrokdifisrentloeatione Nhenheiaaalicas aramadeled usinpg:al

of which are hereby incorporated by cross reference. in the exampie embodimernt, the

merging is only repeated until a termination condition is salisfied. In the example

: embodiment, the distance df(r), (s)] between two pair of nearest clusters (1), {s) Is used
40 as the termination condition.

dffs), (s)] = mindd[(i), ()} (€}

where /, j are all clustars in the current clustering.

45 The distance 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 clusier. .



35the features, similar objects or features across different locations may confuse the classifier when a
guery is being presented to the system. In the example embodiment, to investigate the similarity
and dissimilarity of intraclass and inter-class features, a City Block Distance is used to evaluate the
similarity of WOt #8%étitlde vectors. The definition of the City Block Distante By B8HREEPFpoint Pi with
coordinates (x1,5/1) and point P2 at (x2, y 2) in the example embodiment is D =1xi- x21+y21(8)
45Based on the training images collected at all relevant locations, the features, e.g. MBH features, are
extracted on all the images collected at each locatjon in the example embodiment. In addition, as the
distance between two feature vectors is used to mgasure the similarity between said two feature
vectors, said two féattecevesitsssatsodidaonsider et idis erioueativirit thesdistanee bebraen them is
large enoughf,amseehec’é)eamﬁ%te sragrsdiniibng! eclustiRidorr detasefitd lbeteficatioiffeserit IGeations is used
to evaluate tHEEHREPRa @g)%f %h%‘%r‘é \FabesiRdeRirantePettithediainingsPAales. SFigure 11
shows graphEP[AE75 A Y H545R8m irfg Safeslillss ﬁ%uﬁgﬁg@?lﬁf’éﬁr—?ﬁﬁ%’?éﬁﬁﬂg istance

% S c_afi\ion. &y %ﬁfrm Lo e disar ,f) Fen = a5t ms%{‘;e an ﬂf corect L ED o
(interFD) angdiaeiass Fbiis Distancs Blakna MeAllIrE MehipLsHaty Qe nterFD are
removed acepisipehi:anRraplecahadinrestobarierfld s calsulatedibalveandhadiaining images
at each locatietranrd fhenatidaitdnustagethectisdted attal ot diffefentHocations; MietatraFD is
calculated 10bétivedirgrsioaniing inshge sateashersaaion tavditatizalRiation imgesidblected at the
same |dBatidRuge &R BLRMESimages are. InterED |fii, j) -j 1(9) intraFD r- ifji j) -1)I=(10) 15 wherej)
is the feature vector extracted on the validation images captured at location I. fik, 1) is the km feature
vector extracted oncthe @mng images captured at location L 20As can be seen frgm Figure 11, there
are a lot of overlaps betiveen the InterFD and IntraFD. Many interFD are smaller than intraFD, which

means that the Inte¥fS%eané fnirad-D- ot BetiRiNs &niviteGSnide iterbisiendndenie idRindary
betweeé]gtheq%ﬁﬁgﬁ%‘iﬁygﬁtﬁ%ﬂamﬁgt%k of discrimination across different locations is not

trivial. Z5In additionsf.classsapAahilite. ADUNSEEFIiCAldsRuUe {8 Al 10 At igalHLg sectors are
extracted fropgashelasmscnsingalelpiyalirlons euvnilaioniipe iMkesdan theobarhath of these
problems, thermbetiraehanthsysiaificafdheaeximplereralad ditircht seekdes ntiselfiatipaxasite the

inter-class séjsaeatdility obltaiidetoncadeicaitheasgifistpoffediulB. ibetdrsicTos kortedubiedcomputation
time arfeb aB?qmy@Wi{ﬁéeg?Paya%m apEs O adjusied 1o & + AD. The whole process is repeated
i

Il the best classification result 1s achieved and thus the final termination distance and
number of clusters are determined.

Based on the above termination condition, the clustering algorithm according to
25  the example embodiment can advaniageously reduce the number of clusters while
preventing the clusters from continuousty merging untii only one cluster remains.

Discriminative Feature Selection
For obiect recognition or categorization, a discriminative feature can be derived
30 from inter-class dissimilarity in shape, color or fexiure. However, for imagas taken at any
ouidoor location, there may not be any definite obiect with consistent shape, color and
fexiure at a specific location. The content in the images representing the lccation could
axhibit clutter with transient occlusion. There may aiso be similar objects or features on
the imagss capturad from different locations. When the locations are modelled using alt
35 the features, similar objecis or fealures across different locations may confuse the
classifier when a query is being presentad to the system.

In the example smboediment, o investigate the similarity and dissimilarity of intra-
clase and inter-ciass features, a City Block Distance is used to evaluate the similarity of
40 two featurs vectors. The definition of the City Block Distance (D) between point P , With

coordinates (x,, y,) and point P, at (x,, y,) in the example embodiment is
D=x -x,j+ly,- v, (8)

45 Based on the training images collected at ali relevant iocations, the features, e.g.
MBH features, are extracted on ail the images coliected at each iocation in the example
embodiment. In addition, as the disiance between iwo feature vectors is used o
measure the similarity between said two feature vectors, said two feafure veciors are



30 method and system of the example embodiment do not seek to transform the original data to a
different space, as carried out in existing methods, but try to remove the feature vectors in their original
space according to some criteria so that the remaining data become more discriminative. 35From the
distribution3\s¥ EfHID and IntraFD, the inventors have recognised tRAIPFHEYEHUE vectors with
lower InterFD are removed, features representing different locations can be more distinctive, With the
similar inter-class feature vectors removed, the number of feature vectors representing the location
can be reduced and the separability of different classes can be improved, 40 In the example
embodiment, for any feature vector at location j, if the calculated City Block Distance is below a
threshold, TeowsiltellgisWif:2008/1 4841didRCCE/ SA289M080 1984 enoublern il Haswemoved from
the original feehorénestteresbiseructdatfsricoberind aT déieiensinnriBn Dl wrshimmyelusesBRected feature
vectors anddsPeRERie Rewsh st Edsaie YeusGibAckeLendes F8iny'9imaettn dataset. SFigure 12
shows graph 120240 1294 S9TRBK feepcle ety oLlLey oA e pistance
(InterFD) anglpntadass @%ﬁ%& ﬂﬁ&%%?&?ﬁﬁ@a} g5 CRUIRS My Jeavwﬁqi@ﬁ%ar@ removed
according tg;agexane e W dimentAsilkustratesda Fgurankdothe distiwiansamketerFD and
IntraFD movehapattffomiseashotdtet ceimpanethwitreBigurentied/estaskthdonatirclass distances
become largetidaignhimadiatrelisieiss aiseinebsheifisrme dpmaliens This, wafiRtd FB'@rRiSAtraFD are
becomiflg miS¥/eRh Hﬁéﬁ’ﬁ&ﬁ@aﬁéﬁrﬁff@%‘b@&ﬁﬂ&‘?ﬂ the yeiiaon §18R6HECYPEISASL 52 and 1202 of
Figures 11 SRAG 278 %@33\%\?%6 p%‘ m’@q%?ﬁ%%ﬁ%s of Inter-class Feature Distance (InterFD)
before and after a ;},@erﬁtsgimj’r}?ﬁ\f?;geﬁture /selection according to an example emfgpdiment. AS
shown in Figure 13, after the discriminative feature selection as described above, the distribution of
InterFD moves to tHEFHGT didellvitdfafler febiire distance. As a result, the numbér ¥ feature vectors
with smaller InterFD is reduced in the example embodiment. 20In an alternative embodiment, the

features are selectgghaspd)qnRiiSriminatvevatia:as sesr ikaddeinmalishautdribepoted that in
each of the SATIpIC IMABGS 20l OF [EAILERAIS o SlEciadyll ugiRxAMBIE.CORRIpEN. T Ihe

features onl appear ifi infages of one class not in Images o asses, these features are
assigned hi RdiSCriminative values. Assuming that the features detected in all the sample images for

class | g Pi {ph, phhdeldiand thefeatidies deterrdan alidher seample iprages ehalkibgpther classes
except classahis iIRkaF{PaaRLi3iePDldte theatlisariannathrDy aluierLiekpkfeatute knfple & £ in class / is
formulated ittrtheF Bxamptiebembb dimeatadsimgatiesfolionmg! jodaiydetwean te-nterEDY e 2(12) ,11/1

tA=12 7.-1=p"g intraFD and thus the task of discimination across different locations is not trivial.

25 in addition to class separability, another crifical isste is that foo many featurs
vactors are exdracied from each class, causing relatively fong computation time. In order
io solve hoth of these problems, the method and system of the example embodiment
seak to not only maximize the inter-class separability, but also te reduce the number of
feature vectors. To shorten the computation fime and aiso imprave the separability, the

30  method and system of the exampie embodiment do not seex fo transform the original
data o a different space, as carried out in existing methods, but try to remove the
feature vectors in their original space according to some criteria so that the remaining
data become more discriminafive.

35 From the distributions of the InterFD and IntraFD, the inventors have recognised
that if the feature vectors with iower intetFD are removed, features representing different
iocations can be more distinctive. With the similar inter-class feature veciors removed,
the number of feaiure vectors represeniing the location can be reduced and the
separability of different classes can be improved.

40

In the example embodiment, for any feature vector at location j, i the calculated
City Block Distance is below a threshold, T

Vi p—i gi<T  j#1 a1
45



where OKi is the distance between feature k (pkE PI) and feature] (pie Pt). DH is the distance between
feature k and feature pi (pie PI). The numerator and denominator of Equation (12) estimate the
likelihood of the feature being generated by images of 35class land L respectively. Further, in the
example eniy6difaeité4hle distance Dif between any features i and j is cafétlaediifi the City Block
Distance, as defined by the following equation: 40Die ta.- xfri(13) where xik is the kth value of
feature vector i, and kik is the km value of feature vector j. After the discriminative value for every
feature is calculated, all the features of 45 images for each class of images are sorted according to
their respective discriminative values and only a péﬁcentage of features with discriminative values -
higher than a threstieitl &fiejsislestedasinistinetivigitet fdeatuves ot thersamite isoages/ far that location.
15  Figurds19esHpiredide rifsinatobereat sRactd tivatrfargiemmane sacosrdingtte dssxample
embodimentPRSERI? BeP SR R GRTERRIE VAR EAR $RRBer of discriminative features (as represented
by boxeg 1402) is significantly fewer.than {Bgznmbgagf iﬁ;\ @%f atures ( resented by arrows
1404). * Sipilagiadhesam stg%ggmm)aawma& e T e imae i
discriminativésalibes e Sevdiscrimirntive fealves sbaiihberdiseddeaaRnpaniatieHIosg of the
sample imagésstinteveirexdnmmsls 2riisodirmiontots séliesitie =0 disafininativerteatimessianhthe test
image, %he didRERCETHRTES Yeh D tn thdess ofsgietes treuiiirnsRmalines Tsaiatees o the sample
images 14 co@?%‘éégfg/ﬁf@; He%;ﬁmﬁﬁWﬁﬁ?ﬂﬁn&uBeq“\ﬁé%tﬁrgﬁ)ﬁa%mﬁﬁﬁaﬁf'@@?éﬁm’?ém % class of

emb t

. &= OOHNIENL, . .. . . .
sample images. & maximum distance between any two discriminative features in the fib

class of 15sample wmpages: s shdiagRbmheres zrkMi lor2rigudd(34)ans 12 MARBERY is the
distance betwerepaginy tiwridigemsickativer-featurespirtP HsROcanthpr20(pierdtt) indherelass of sample
images #nd DEEsitpaivexfenivrevstirsamateosdiule an Axzuping Difdsiting distanserbetween a
feature pit ol YYES{ %g? H&W&Zﬁl%@ﬁﬁéﬁ%‘%%éﬁﬁ@ﬁé@ﬁi @ggggﬁﬁqm@l‘fﬁa dlistribidiietass. In the
example emtj bt r%}té&éﬁ%tg%@r dggcgfg e tﬁeféiéa’ e ei‘tgﬁ?nt@at EYERPUE test
25image is selected as a discriminative featlire whien it is used 1o mateh with the ill class of sample
images20  On the aiherhendivt fenmayipae oftHie disarginatvesiaature phiadhe,sample images of
the fit' class, @aerinihitivelyalye, adipsthipdeatiwe.pt in the test image is 30discarded in the example
embodiment. Based on the feature selection method for the test images described above, the

1 that,| g e d , o i
e spie B T S RS LTSRN S0 RS ettt edueed
BYOIe L1 tHEHEa of other classes, these features are assigned high discriminative
values. Assuming that the features detecied in all the sample images for class /is 7, =
{on, Pz ..., pagd and the features detected in all the sample images of all the other
classes sxcept class /18 FL = {1y, pra ..., Pud, the discriminafive value Ly, of faature k
{pce P} in class [ is formuiated in the example embodiment using the following equation:
30

A —11};2_., 1 & _152\
L= L$e [ L4 .
) s
where Dy is the distance batween feature k (pye P) and feature | (BiePL). Dyis
the distance between feature k and feature b (0 £). The numerator and denominator
of Equation (12} estimate the Tikelihood of the feature being generated by images of

35 class{and L respectively.

is=]

Further, in the example embodiment, the distance D; between any features | and
J s caicuiated using the City Block Distance, as defined by the foliowing equatior:

40 Dy =3 ey~ 5 (13)
k=]

where X, is the k" value of feature vector i and x is the k" value of featurs
vactor |, ‘

After the discriminative value for every feature is calculated, all the features of

45  images for each class of images are sorted according to their respective discriminative
values and only & percentage of features with discriminative values higher than 2
thrashold are seiected as distinctive local features of the sample images for that location,



Location Recognition In an example embodiment, a Nearest Neighbour Matching method is used
to calculate a number of matches for each location, hence identifying the location. Given a query
image, features are extracted and the distance is calculated between each feature 40vector and the
feature vectia f&téhting the training images at each location. Da, k, BERAZIREVI]15) Jh
where Da Ic, 1) is the distance between the / feature vector in the query image and the k' feature vector
in the training images at location /. f (i) is the IP feature vector 45extracted on the query image. ftac, I)
is the km feature vector extracted on the training images captured at location /. 16 At each
location 1, a nearest matching distance is found fdPeach feature vector fg(i) in the query image in the
example embodiment, i.e.: D (1,0= Mtin{D(i,k,11(16) 5 If (17) then a match for the feature vector (i) is
obtained at locatiohiguretié shearn glecsrmibailimentuarthdwdniffaccok amapte entbotimengnT is the same
distance thr&$HBRIE1OTHREMFER Fatide BB At d MiTer Bachekeitivfisesrsingiivied, and the
average,\_.)mafﬁflfi‘r‘fgisge@%rréﬁs j§?§f$§s@y?e%? ?ﬁ:ﬂg\;ﬁ?ﬂ@ HETRPERN SRR ARELBRAUTRE"IGEation with a
larger nUmber o MAtChes and & Smaller a’(n%'rageS distance is considered as the best matching location
in the exampled ensha@imerie Taaiaiora:gas \Wwiing furation: isdefinedinths.exampiegmbodiment as:
15 V(1)IbDMrx=££18 tistrere: sive 1Ts0y aheés riitder (A0 hadtised/¢hduniliedidsd o bk, > 0(20)
T<Dmin(i )@ those of the sampie images, in the example embodiment, to selegt the
10  discriminative features for the test image, the distance from 2 feaiurs on the test image
o the discriminative features on the sample images is compared with {he maximum
distance between any discriminative features of a class of sampls images.

The maximum distance between any two discriminative features in the /7 class of
15 sample images is,

Dy = Max{Dy where =1, 2,..., M; J=1,2 ..., M (14)

where D; is the distance between any twoe discriminative features p; {0z P) and p;
20 (p=P) inthe [ class of sample images and D, is the maximum value among all D

Assuming Dy is the distance between a feature p; on a test image and =
discriminative feature p; on the sample images of the /M class. in the example
embodiment, if, for any ifrom 1to M, Dy < D (i = 1, 2, ..., M), the feature p; in the fest

25  image is selected as a discriminative feature when it is used to match with the /7 class of
sampie Images.

On the other hand, if, for any one of the discriminative feature p; in the sample
images of the M class, Dy > D; (( = 1, 2, ..., M), the feature p; in the test image is
- 30  discarded in the sxample embodiment.

Based on the feature selection method for the test images described above, the
nurnber of features for the fest image is advaniageousily reduced and false classification
is reduced in the example embodiment.

35

Location Recognition

In an example embodiment, a Nearest Neighbour Matching method is used {o
caicuiate a number of matches for each location, hence identifying the locafion. Givan a
queary image, features are extracied and the distance is calculated between each featurs

40  vecior and the fealure vectors repraseniing the fraining images at each location,

D, k. )= lfq(!') ~f(k, Dl (15)

wi*;f;are Dfj, k I is the distance beiween the { feature vector in tfge query image
and the k feature vector in the training images at iocation /. fq(i) is the /" feature vector

45  exiracted on the query image. fr(k, ) is the kfh feature vector extracted on the fraining
images captured at location /.



In the example embodiment, the location L with maximum V(1) is identified as the best matching
location for the query image, i.e.: Y(L) = Micix[V(/)}M, > 0(21) 25 When M1 = 0 for all the locations,
in the example embodiment, no location. is considered as a match to the query image. In other words,
the query inff8Q@@4¥nA#t4dcognized. 30in an alternative embodiment, a NZrESHCRIEYHIBE Matching
method is used to classify a query image (i.e. test image) into different classes of training images (i.e.
sample images), hence identifying the location. First, the local features are pre-computed for all the
key points selected for each class of images. For every discriminative feature in the test image
(selected based on the method described 38 abo%), a nearest neighbour search is conducted among
all the selected featyasrnR£lass of samplarimages dbhedestinatchissaonsidaed stre example
embodiment giia paigueicongsio tidrydeate resbbdivastni.the test image and the sample images.
Assuming all the discriminative features in a test image are Pt =p2,p,j, and D2 = d2,(44 are the best
match distances béﬁﬂdéiﬂfeét{(a@ﬁkf%lé}z 1, 2,n) in the test 40image and the discrififiative features in
the samgle images of class I. Since the feature with higher discriminative value contributes more to the
identification of thetclass of images, in the example embodiment, the distanced (i=1, 2, ..., n) is
weighted with .1, wheré Lk & the discriminative value of feature pi (pie Pl) in the s&hiple images of

class L 17 The disjance hetyesp iedeslimagg,ang 10e samaiemadssof hedR glagsis computed
as Bd - - d(22}nddimsawkerasl is the bestpatshudisianee framyealuie Riakibe teskiprge to the
sampletmagesdfrclegsdon (11). Thertesthisadgeds ébemlassignedsteuheisanaptetctasesvebich has the
minimum distatcényitisiagaeniondrakiatistatsaionihie. rssthiedions faleu@isrototgpedstigie system 100f
the examp|e\@m@oiarﬁ?ém7m%?ﬁ§&ﬁ@mmﬂg ?o?ﬁﬁg\ar: BRifeE & Is B?Bﬁ?@fﬁ?@s the

g ed am nt. ncti

best matching tocation In the examp odiment. Theretore, the voting function is
defined in the example embodiment as:

16
V{l)=M,/D M>0 (18)
where D=— > Dy (i]) M>0 (19)
} Tl U0
That is, '
Viy=M; | 3 Dyl M>0 (20)
T<Dpn (1.5)
20
in the example embodiment, the location L with maximum V(1) is identified as the
best matching localion for the query image, 1.e.
V(L) zMIax{V(Z)} M>0 21
25
When M, = 0 for all the locations, in the example embodiment, no lecation is
considered as & match to the query image. In other words, the guery image is not
recognized. '
30 in an alternative embeodiment, a Nearast Neighbour Matching method is used to

classify a guery image (i.e. test imags) into different classes of training images (ie.
sample images), hence ideniifying the iocation. First, the local features are pre-
computed for all the key points selected for each ciass of images. For every
discriminative feature in the iest image (selected based on the meathod described
35 above), & 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 2
pair of corresponding features between the test image and the sampie images.
Assuming all the discriminative features in & test image are P, = {b1, pa ..» Pob 80d Dy =
{d, do, ..., ¢y} are the best maich distances between feature p, (k= 1, 2, ..., 0} in the iest
40  image and the discriminative features in the sample images of class /. Since the feature
with higher discriminative vaiue contributes more to the identification of the class of

images, in the example embodiment, the distance i (i= 1, 2, ..., n) is weighted with _1_
’ (i
where L, is the discriminative value of feature p; {0;e P) in the sample images of class /.



Multiple Queries and User Verification Scheme 15It will be appreciated that, in a practical application
of location recognition, there may be a lot of scenery at a location and the collected sample images
may be insufficient for all the distinctive objects. This may result in an incomplete location modelling. In
addition, th&MSiGa#Pé4f#lEn is sent to the server may be quite different froff- e384 plE1hages in the
system of the example embodiment. In such case, the correct 20recognition result may not be
obtained although the location where the user is taking the picture is in the list of places which the
system intends to identify, To overcome the above problem, multiple query images are used in the
example embodiment to improve the correct recoéﬁltlon rate. A typical sample image for the best 25
matching plaee ig-alae-3anlbackiodbarsel fan valalveficatien ofine tspican sarifyiahether the
result is coregct or not, and decide if it is necessary to take more query images by visually matching
the returned picture with the scenery which he/she sees at the location. With the multiple query
images, the systenﬁef_t[)l ap e embodiment can provide a more reliable matcg'ﬂg result by
calculating the confidengé. Qy;el fgr each 30matching place. Figure 15 shows aph 1502 of the
distribution of true pasitive fsnagesagaiRRk e Fare s MALCHINg distanesAugk adraeh 1504 of the
distribution @fam?@nﬁg%v{g teskimages against the nearest matchlng distance according to an
example 35 embodiment. Graphs 1502 and 1504 are obtained in the example embodiment e.g. using
a validation dataseftr, éesbgﬂmaaabw@@wm@ touhel-saRiefslageteninnirg dosamiiotDue to the
complexity dFsiEnstuMPJEERON: E'aWEI %’réﬂr\‘f&%‘?ﬂ‘?‘ér\r% Bficichiee PhESSTIRYSr high
dimensidnalGiia S50 ?ﬂgﬁd% éé‘ﬂ’?@ SL?Wn? Ot true in actual situation. In other words, a

guery image may ngt bel 9@9 pmst 40matching class, but possibly belong the top 2 or
even the top 5. Bﬂes sﬁg rOmM Figuré®1s, not all the true positive test images h zs\Z/E?the nearest

matching distance lwlrltt‘n ti}e u%%fgg%%gwmwé%%% o té%if]% 8 positive test images may have shorter
distancgsthan the tmﬁe&fy&&mm& AN S0 B il R ai0B i AR nsHs adreligble
recognition rasyltydn dhetexamplegmbosinesiotharieare siomatebingnpeo Eeehgpreact only when
the nearest mstﬁmﬁfbetﬂe&a tﬁtetu@bmﬁgec@df lis metchasglplacenisiesstieen toatitherwise, the
user is askeehegeatingnbir@dgiisry @S‘rel@lch I ESM ’l%é‘*@éé@mﬂ aae wéérﬂmﬁﬁéf@%l is

calculated a?@éé&?ﬂ%tﬂnsgﬁ\ﬂ' YbFFs?t t A &8 ?ﬁ }stem of the
examp1?eO em @Qﬁﬁ%ﬂ& c@’ E}g?@”e mﬁiiﬁhg EP ‘Fﬁ la?{? Lfsﬁlrfesry th query, N
places P = pa ave appeare att e top mat |ng results. The 5confidence Ievel for place pi
0=1, 2,N) is definedasvigteins ide aova, probMRAnEitbis uery where Beuus:a vatuedrampkto 5 (i.e. the

value of the topddion¢apis imatolititriscassigredualis) wiS, 2 iyamd! byesireotaehiin ttrebexample
embod#hent) §é?*ﬁﬁﬁgf%r%3§£(§$ﬁhw ©f ratEdh §raisyR! foribiradien iR P &I FER YEBY example, if in

7, lsn
the query, lofHGH e 8 i tob 22Hfes en?ib E'O‘?“F%ﬁ?&,ﬁté é@ﬁiéﬁ? %%éﬁfgﬁﬁb‘%@?@em I
location i dO%f?@fa%ép%ﬁﬁh i 19.0m aghi ?ﬁﬁ%@ga e
embodimentydalsar £¥esi Haes: @ﬁﬁt&hﬁ@r}% @d&ﬂﬁéﬂﬁgaﬂ}'s edeiuenmalefing:resath the
respectpge C@rﬁﬁtdﬁﬁ@ﬁ!kﬁwel LI to LN is calculated, and the location with maximum confidence level is
returned to the user, i.e.
Figure 15 shows a graph 1502 of the distribution of true positive test images
against the nearest matching distance and 2 graph 1504 of the disiribution of false -
positive test images against the nearest maiching distance according to an example
35 embodiment. Graphs 1502 and 1504 are obtained in the sxample embodiment e.g.
using a validation dataset (i.e. test data labelied with ground-truth) for determining d, and
dy. Due to the complexity of a natural scene image, and the uncertainty of the real
distance measure for high dimensional data, a calculated nearest neignbour may not be
frue in acfual situation. In other words, a guery image may not belong to its top-most
40 matching class, but possibly belongs to the top 2 or sven the top §.

As seen from Figure 18, not alt the frue positive test images have the nearest
matching distance with their corresponding classes. The false positive test images may
have shorier distance than the frue positive ones as shown in the dp to d; region. To

45  ensure a reliabie recognition result, in the example embodiment, the nearest matching is
considerad correct only when the nearest distance d between the test image and its
matching place is less than dg, otherwise, the user is asked to try more query images.



Lms, = Max{L2. ...,(25) 20 Based on the above, if all the M queries retum location i as the top 1
matching position, the confidence level for place i reaches its maximum value, i.e. 1. In the example
embodiment, if Law, > 0.5, the result is considered reliable enough, and the user is not suggested to
take more qUERHEEAEL However, the user can reject this result if 25the feittfrdtPE¢&file image
looks different from the scenery of the current location, and take more query images to increase the
reliability while minimizing the false positive. If Lmx 5. 0.5, the location with the maximum
confidence level is returned to the user in the example embodiment. The system of the example
embodiment also informs 30 the user that the resdR is probably wrong and prompts the user to try
again by taking maiefueEy 483866 UERE Hseiraamalseehooseitalaeeent thacessit syen if 1_" s 0.5 if
the returnedFestiympite invagé loekshsgbstartialbydheosmuiecasyvhiat lsgssine séabatdkmrigieation. The
above appréaiPHES SR EEThaveRe Ssengbreasrnabial fesythmissaerteraiteMIsueny. Figure 16
shows apﬁéetg t? n\%tgj mtye @ﬁf ﬁ‘fﬁ é‘tf?g@% efdr t%di afefchnenrstctidPaccording to
an exaniple Cec}rg‘tT rﬁ)e? AV&DeER cared. ou? Oh & prototype based on the system of
the example embodlmeqt having a dataset SH comprising 50 places with 25 sample images for each

place. All of these JLD:s Kmages areltaken by hlgh resolutlon digital camera a@#resized to a
smaller size of 320 |><éls The t st| s for taken a lower- resolutlon mobile
phone camergt ﬁ‘Q\éawg éﬁ%‘[}‘ii} ﬁ% @ %} [Eﬁt si)rfsfeature 45
vectorsghe ett w aasgtptér o9 RGN e e,

feature vectpyga re @W@Eﬂ@giﬂ&%&!ﬂuf@%ﬁu&léﬂdtﬂﬁﬁ%ﬂ respaqwelyanﬁ@@amhmm Fom Flgure 16,
the original awertagel nicrshectoiPHET fditarerectorordiectadifor eautsintages alfont ©83. After the
region-base@fapferERdEiRi, the average number of feature vectors is reduced to about 463. With
the cIu grmg -bas feee\tftétre %gr dUCtlorild cheE: rage numal;g%gtj{fe ur%t\éelgtorm her reduced to
about 355. 11g cbERED AT étevth LRaE S et e B Rffas do not
sacrifice the ( ﬂg@g\@pgq@% q gg@pm ber of feature vectors'is reduced to a out half to one
third of the original one respectively. Flgure 17 shows a chart comparing recognition rate without
verification schemé.and ieddnition.rdtef with verification scheme according to an €2&mple
embod#fent. in Flg@ re 17, columns 1702 represent the results without the verification scheme, and

columns 1704 reprt %%‘?ﬂcon ggﬁﬁ?gfgggﬁiﬁt&%hﬂﬁgtﬁg %ﬁbtﬂ@“‘*“ '3 %\? fl?ﬁiﬂerfﬁ‘ tiple queries

for ptace

Axhmum
and user verfiggHioh e‘exanple Smbpdlingit; t@tﬁ&%%f@%?ﬁ' fingigigmD places are
used to test I@ﬁd@&ﬁg@é&t@@ t@qeuéa%rwm@ysmggeguewetéslrtgatheeneaﬁae Jieigkbesras the

recognitn regeukturibo wikanthiidmnege hrashdifthratiditcot tine sgaesyy in dgesuataidocraictly aetognized but

the 15 remait@migimﬁ%itaﬁefﬁmgegs ﬂed@@ﬁﬁ?@dh@/vﬂ*iﬂbﬁt@mﬁlﬂm@@d@ﬁe@arﬁ@ia@m@ﬁﬁcaﬂon scheme
the results are sign; |cantél proved in the mple embodlment as sh Wn |n F

recognition ra gl t&fg ?@ﬂ{t%tg‘t’ g;jerggw %%y_ﬁ@%{ﬁi Rﬁ% query, 96% of
the plaggs ( eots@é? é@&i@@sﬂ WirRy %FH u'{ é: Only 2
locations ar&ﬂﬁﬁé@.@gt HzR@VitAE @U@rmeﬁsa@h’ﬁb@ meef&rénaﬁeer&mwemttggxm@rﬁt e single
guery result.ihe r¥itheteuseps Visagd Vevicatimmrabhutre48dned HwevBal dedtienseasecatabognized at the
first query. Tleeatn- rEoghmveppaieash theviestyadpalithe wesotie strlairsrmédiargsisid do in the .

examplg emBB@iment to achieve low error rate, For all the 50 25 locations, only one is falsely

recogni 2d. With t et ncreases

Sicant i oS S LM DG M B LB aBb s eced i

more queriesa(8e ofitlhe eengRzeskiacatians gyﬁdarﬁmtftﬁee&ewlwe pladkhdar acerpted by the user

after visual ndatesenéiofdtremmetinmed peage with2hezsogremnegétherptace pdrerertieishess. Figure

18 sho#® a wewetwmwm&eﬁenh ramrEtpeIdlion HelitamTivgietnarabEse erasereicezmages, the

database incfl rg)ﬁi?‘ﬁiﬁy%‘ﬁsﬁfs BegRadEl adtieapsidaknned WWﬁrdﬁéofHE%ltlgﬁ%taobject At step
0

1802, local fé?af)ures %Fach set of images are identified. At step 1804, distances between each local
feature of 35 each sekppukthe ipeah igatuss analhethekprisar e 8 IRImUNREmAdieR 4806,
dischinimtivedeatressof eash setfaftimagescss esidentifietbbysemowmngriocalieniues based on the
determined distaprred . féiiste petBO8 aftve 2l Besieninativectelaivesrofledion ssetinshyés are stored.
40The methch? &ﬁﬂ”s&@%ér’f‘l%?’ $htb elndping GEﬁE’?eWtfé%?t Eb%ﬁl@ﬁﬁ@tﬁé@@ﬁ’% ‘?ﬁiﬁﬁﬁﬁ&‘ter system
1900, schemﬁflceéfy %ﬁﬁ\ﬂ{h h ?k? Htreq% @W ‘Ee&iﬁ‘@t (—’;\ i?t}nt? bﬁ'@ra Sa%omputer
program belr?gl;J Sxecuted within Cérsé(i)smrﬁu er system - ahd ms?truc r‘fmt?teag’gmf)tﬁer system 1900
to conduct the method of the example embodiment.




45 The computer system 1900 comprises a computer module 1902, input modules such as a
keyboard 1904 and mouse 1906 and a plurality of output devices such as a display 1908, and printer
1910. WO 20091148411PCT/SG2009/000198 20 The computer module 1902 is connected to a
computer n@¥RGHNYMA Via a suitable transceiver device 1914, to enablePAdc¥s¥ 488§ %he Internet or
other network systems such as Local Area Network (LAN) or Wde Area Network (WAN). 5The
computer module 1902 in the example includes a processor 1918, a Random Access Memory (RAM)
1920 and a Read Only Memory (ROM) 1922. The computer module 1902 also includes a number of
Input/Output (1/0) interfaces, for example 1/0 interfce 1924 to the display 1908, and I/O interface 1926
to the keybogig d304nt0averagthsussiapenesis ol iaaconpriesr meidie 190RJypieallys®mmunicate
via an interceqneated basil 92banddnra thearingr khdvesdddbenpersirrililledtwiaedeiesiant art. 15The
application pangifeen fetypicatiioupsiiotts Wi et DFMRECOMipatdiesyRtian F00B!escoted on a data
storage mediaftdiRHAE8 @'@-F@c R IR ERRBTS EEMier and read utilising a corresponding data

storage fedium dr[tvej roef ta storage dc%\r/é% rt]ﬁ Qm ﬁ: Pét%qy% ogrr@énTl 1€ %&gd controlled in
ts execution y the, B il éﬁ@a%a% AREOGHAR: @ageomplished
using RAM ¥9¢0= 17, dhernetimsh ofsth eseufr@et e&aﬁgemmt G imtﬁnwﬂt@@leoermwweless
device ZOOOpsiuhamamzaﬂgpsmamnhe déugﬂtsenfzt@ e neaijided dmpibemented as software, such as a

computdt program belng executed within the wireless deV|ce 2000 and 25 mstructlng the wireless

{ oY
device 2000 to contfu dﬂ“ fipis ?ﬁ%"’?\ﬁhr@]g&‘ég Vice 20600 §§?ﬁ@s r ?5% %r module
2002, an K %ﬂ% % N iyhid g?st Slch &<, panda
camera mody, dr qQ@PWEﬂ&@@saé}érE@:%‘cﬁFF&ﬁ@r&Qd @
Charge@ouE&e@:ﬁ?@gnge%@wmﬁa@gee@nwdomﬁmmmatqmyrwetalmee@mmonductor
(CMOS) imagghseasts, cspth rofitakingrdtillswragesin the FtmrpiocotsuirmaotalesP002 is connected to
a wireless n&w&ﬁoﬁgwrg@@mm@fﬁa%emm@m DOEE 6 EHIEPRS Wire RS EfAunication
and/or acce ?B“?:éh@ WEemn 533 2 ?érQPgo Wcﬁ%?@'(ﬁﬁ%ﬁ%ﬁém% Mobile
commugbca W ergiréz)a ES M%ﬁ’ é@; &SWB& wor Locaﬁ\rea Network
(LAN), ereless ersonal Area Network (VVPAN) or |de Area Network (WAN). 40The processor
module 2002 in th%mmmeemhﬂdz%\@rﬂmessm@m&@aﬂmdomoémm&saMemgmgzéRAH\A) 2014 and
a Read OnlytMeirdryuEROME20VE =Thenjicocaisat thoduit 2802 ialsudriel trestichdisibescof

Input/Output {1 Htetfafe 5P %ﬁ?@iﬁf‘éﬁf QWTgetdc’HﬁeeHB'pfag é 06, a&ﬁﬂ%%gmterface

2020 to‘the KEVBRAIN, £E° B FiREo :2%3% Ly e Hrodeeor i y

communicatg tYé m%qre msv.f%a e A e Sl i the
relevant art. MEW@@J&& 0.45 is accepted by the user after visual

matchmg of the returned image with the scenery of the piace where‘ helshe is,

30
Figure 18 shows a fiowchart 180C illusirating a method of maintaining a
database of referancs images, the database including a plurality of sets of images,
each set associated with one locaiion or object. Af step 1802, iocal features of each
set of images are identified. At step 1804, distances beiwsen each local feature of
35  sach set and the local features of all other sets are determined. At siep 1806,
discriminative features of each sei of images are identified by removing local
features based on the determined distances. At step 1808, the discriminative
feaiures of each set of images are stored.

40 The method and system of the example embodimeni can be implemented on
a computer system 1800, schematically shown in Figure 18. It may be impiemented
as software, such as a computer program being execuied within the computsr
system 1800, and instructing the computer system 1900 to conduct the method of
the exampie embodiment.

45

The compuier system 1800 comprises a computer module 1902, input
modules such as a kayboard 1804 and mouse 1806 and a piurality of output devices
such as a display 1908, and printer 1910



21 The application program is typically supplied to the user of the wireless device 2000 encoded
on a data storage medium such as a flash memory module or memory card/stick and read utilising a
corresponding memory reader-writer of a data storage device 2024. The application program is read
and controll&@izi1dkEdution 5 by the processor 2012. Intermediate stoPAJEERIYIUAT data may be
accomplished using RAM 2014. The method and system of the example embodiment can be used
to provide useful local information to tourists and local users who are not familiar with the place 10
they are currently visiting. Users can get information about the current place at the time when they are
around the place without any planning. They can #@%o upload the photos taken some time ago to get

information about thesnplageuiberesMa-LhotosareiakesvBan dbeyate RN Rerhgtos at any
time and anywinsre. #5hwallbe dpprecidtet by apgisomskitetbirihetag thalrnstmeretievariations
and/or modificAtorssnsignises Hehicks tootire Hresbistiore At as Bfitmviréa iletaproffi®démbodiments

without departing f om the S |r|tb(;§:;§£e of the |nvent|on as broadly descrlbed The resent

embodi ent& arg semo %] E_‘{:ﬁgtrlctlve 22
CLAIMS ‘é |8 4gain g§§l g@’ éslsfgrlncludlng a
plurality of sets@tei@tmsn@aahesa@@asw@teddvgmpﬁe@ompn@r.ﬁeﬁgéeth@met@qﬂccompnsmg the
steps of: idertppiogrdocaldeatures of each set of images; determining distances between each local

feature’éf each set and the local features of all other sets |dent|fy dlscrlmlnatlve features of each

set of images by re 8\% ??88 ?8 detchrAi E@@a?nﬂ%f’@nng the
discriminativt %a?ur & ugh g6t &1 agaersnanner ‘ﬁ""f*ﬁ‘e* ?H%%isé’é‘a % N2 IR A Wherein
identifying the ocal features comprises: 15identifying key points; and extracting features from the key
points.15 3. TheThethpgdliasiolaiprogritclainyZcduytRepsRmpasing (educing-a Rumbgeof key points
prior to extragtatgnthéfatemesded on a data storage medium such as a CD-ROM or flash

memory carrier and read ufilising a corresponding data storage medium drive of a

data storage device 18930. The application program is read and confrolied in ifs

execution by the processor 1918, Intermediate storage of program data maybe

20 accompiished using RAM 1820

The method of the current arrangement can be implemented on a wireless
device 2000, schematically shown in Figure 20, it may be implemenied as sofiware,
such as a computer program being executed within the wireless device 2000, and

25  instructing the wirsless device 2000 to conduct the methad.

The wireless device 2000 comprises a processor module 2002, an input
moduie such as 2 keypad 2004, an output moduie such as a display 2006 and a
camera module 2007, The camera module 2007 comprises an image sensor, e.g. &
30 Charge-Coupled Device (CCD) image sensor or a Complementary Metal Oxide
Semiconductor (CMOS) image sensor, capable of taking siill images.

The processor moduie 2002 is connected to a wireless network 2008 via a

suitable transceiver device 2010, to enable wireless communication and/or accass to

35 e.g. the intermet or other nelwork systems such as Giobal System for Mobiie

communication (G8M) network, Code Division Mulliple Access (CDMA) nestwork,

Local Area Network (LAN), Wireless Personal Area Network (WPAN) or Wide Area
Network (VWAN),

40 The processor moduie 2002 in the example includes a processor 2012, a
Random Access Memory (RAM) 2014 and a Read Only Mamory (ROM) 2018, The
processor moduie 2002 aiso includes a number of Input/Output (1/O) interfacss, for
exampie /O interface 2018 to the display 2008, and I/C interface 2020 to the keypad
2004.

45

The components of the processor modute 2002 typically communicate via an
interconnected bus 2022 and in & manner known 1o the person skilled in the relevant
art.



20 4. The method as claimed in claim 3, wherein reducing the number of key points comprises a
region-based key point reduction. 5. The method as claimed in claim 4, wherein the
region-based key point 25 reduction comprises choosing one of the key points in a region having a
highest radiwg3 2009/1834The method as claimed in claims 2 or 3, further c&PpASHYYEWRI&ng a number
of extracted features. 30 7. The method as claimed in claim 6, wherein reducing the number of
extracted features comprises a hierarchical feature clustering. 8. The method as claimed in any
one of claims 1 to 7, wherein removing 35local features based on the determined distances comprises
removing the local features having distances to an%ﬂlocal feature of the other sets lower than a first
threshold. 9. Theragthioskias glaigiesh insaypions ahglpias b tihé, udereintremawng<Olocal
features basegvite thiidd etervitetndistaic et taira prissrcalchlatirgfrestpuetiverdisodménative values for
each local feﬁt%?@@f%ﬁﬁ%é‘f S Gﬁ‘%‘é‘%?e?ﬁifﬁéfépafgr(%ﬁgfgﬁwﬁﬁ@ftﬁéqé@é@features
having djscri ge based
mobile mé?or @%&%ﬂzﬁée et %gm?pn%%e@%m S drﬁ%rw mgaa{:%oeraﬁggP database of
reference images as claimed in any one
The method and system of the example embodiment can be used to provide
useful local information to tourists and local users who are not familiar with the place
10 they are currently visiting. Users can get information about the current place at the time
when they are around the place without any planning. They can also upload the phoios

taken some fime ago to get information about the place where the photos are taken
when they are reviewing the photos at any time and anywhere.

18 " will be appreciaied by & person skiied in the art that numerous varistions
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the inveniion as broadly
described. The present embodiments are, therefore, to be considered in all respects to
be ilusirative and nof restrictive.



of claims 1 to 9; 50taking a query image of a location or object by a user using a mobile device; 23
transmitting the query image to a information server; comparing the image with reference images
in the dedicated database coupled to the information server; identifying the location or object
based on a matched reference image; and 5tran?9itting information based on the identified location or
object to the user. 11.The method as claimed in claim 10, wherein comparing the image with reference
images cDh¥INEes a nearest neighbour matching. 1012.The method as claimed in claim 11, wherein
nearest neighbour matching comprises: determining a minimum distance between each feature
vector of the quéry imayerapthesatafe veitas BEreferépiRbRRfges JEEHERSCANAISS ofjct; and
calculatiftpi@bessbErcsidingchcr!wplituchl | et dPBIsest, 33 W RSbiASSARAGH YR the
minifhum FatgEeIRbIRFE RIRIENgA SARIRT$ géhg@t_egs °Sf:13. The method as claimed in claim 12,
wherein the thir ﬁﬂ%@l‘ﬂ?dqg%!aé Ve e ﬁeﬁsﬁn @a%ﬁ?o@a?@ - ;’?hc% m%hé)nddat% Slaimed in claims
12 or ;3,fgurtthr%3(% n C%I[@ § ,ﬁ%?% a vote basgd onthe numeber of maiches and an average
matching HStARE S ﬁxglraﬁ@?mmm@stmpafssgan%gﬁeﬁ%é@éahw%raé;iﬁgk@cme,thod as
claimed ip. anyQne-Qbgidimes, d Quio-hdh sl treddgpéifying of the location or object comprises a
multi query usergyshilig ok scrimitilRsdaainr AT slrnetneiages15, further comprising
transmitting a sample photo of the identified location or object to the user. 17. The method as
claimed in claimpl5 or Thewherdisdthesmtidirgee rynusésirerificatiosrcionipgestf/iaginge ea query
image of fikstthoeattomeriségect by the user using the mobile device and transmitting the new query
imatfe to an infadeatitinggrermoir8s Tarrdmethod as claimed in claim 17, further comprising calculating
a confidence leveitedatioddentifies fseaibn bnoBRitiased on results of one or more previous query

images and the new query image. . .
J 3. thg method as claimed in claim 2, further comprising reducing a

number of key points prior to extracting the features.

20
4, The method as claimed in claim 3, wherein reducing the number of
key points comprises a region-based key point reduction.
5. The method as claimed in claim 4, wherein the region-based key point
25 reduction comprises choosing one of the key points in a region having a highest
radius.
6. The method as claimed in claims 2 or 3, further comprising reducing a
number of extracted features.
30

7. The method as claimed in claim 6, wherein reducing the number of
extracted features comprises a hierarchical feature clustering.

8. The method as claimed in any one of claims 1 to 7, wherein removing

35 local features based on the determined distances comprises removing the local

features having distances to any local feature of the other sets lower than a first
threshold.

9. The method as claimed in any one of claims 1 to 7, wherein removing
40 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 vaiues lower than a second
threshold.
45
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 10 9;
50 taking a query image of a location or object by a user using a mobile device;



4019.The method as claimed in claim 18, further comprising transmitting a new query image
recommendation to the user if the confidence level of the identified location or object is below a fourth
threshold. 20.A system for maintaining a database of reference images, the 45database including a
plurality of SE& Wftifges, each set associated with one location or objedt€TMEE3YREM EBmMprising:
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; 24 means for
identifying discriminative features of each set of images by removing local features based on the
determined distances; and means for storing the discriminative features of each set of images.
521.The system adrafsimiSthirtetednea0nwbetein iermatiassividentifying the discriminative features
removes the local ﬁ?éﬁg\?é@%ai@ﬁ\%’a%n‘&é% 15 &R RSc A Rt rd of 1R etodiertsetsiiaiasthan a first
threshold. P8 YR AE med in claim,20, wherein the means for identifying 10the
discrimigative featyres, qpﬁ&ﬁ%%%yégﬁ&@mlmﬁﬁ -5 ro?%‘l‘:jj;b@%‘ qu}gég of said set
based on the determined distances, and removes the local features having discriminative values lower
than a second threshold. The meth23 24 daitacst Oy agErmsd whecomprsizg o tde megesAfitr instructing a
15 computini§igEice ineses cisariipne th o820 shan@aRtHgaatitiabase of reference images, the

includi lurality of fi h i ith I i ject; th
%aéf‘hbo?@é’?ﬁ@%’;ﬁ}@n@&{&%ﬁéﬁSﬁ?ﬁﬁf%ﬁiﬂitaFS% R Ao RR S o e
distances betweengeagin|eal ealkie oheash nel 8oehHe locsh s0ieatitesf all plbersals:
identifying disesgainadivesfoaiveetonf eneferaicefiimmge shyremmdnerlocabjeatuies based on the

determined distances;idsiEhgtaringtse disorichemlivefshivmdiof eachiset of images. 2524.A system for

image Based'ABile iGHTAL SRTEHRSFatnthenéyBiem distance being smaller than a third
threshold. ‘

13, The method as claimed in claim 12, wherein the third threshold is
equal to the first threshoid.
20 . .
14. The method as claimed in claims 12 -or 13, further comprising
caiculating a vote based on the number of matches and an average matching
distance, whersin the highest vote comprises the nearest neighbour.

25 18, The msthod as claimad in any one of claims 10 1o 14, wheresin the
identifying of the location or object comprises a mulli query user verification.

18, The methed as claimed in claim 15, further comprising transmitting a
sample photo of the ideniified location or object to the user.
30
17.  The method as claimed in claim 15 or 16, wherain the mulii quary user
vetification comprises taking a new guery image of ihs location or object by the user
using the mobile device and fransmitiing the new query image fc an information
server.
35
18. The method as claimed in claim 17, further comprising calcuiating a
confidence ievel of the identified iocation or object basad on results of one or more
previous guary images and the new qguery image,

43 18.  The method as claimed in claim 18, further comprising transmitting a
new guery image recommendation to the user if the confidence lavel of the identified
location or object is below a fourth threshoid.

20. A system for maintaining a database of reference images, the
45 database including a pluralily of seis of images, each se! associated with one
location or object; the system comprising:
means for identifying local featuras of each set of images;
means for determining distances between each iocal feature of each set and
the local features of all other sets;



comprising: means for maintaining a dedicated database of reference images as claimed in any

one of claims 1_to 9; . means for receiving a query image of a location or object taken by a user
30 using a mobile deV|ce;' 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

35means foC; transmitting information based on th&4dentified location or object to the user. 25.A data
storage me ium comprising.gode.means for ins in 0 ' icet iIse.a method
for mage pese T Mo NN Byl A e R G R LB S i o
dedicated dataiind of eter 5% IEYRe. AR FEIDE LA GRS BFe QEaNS liRydeceiving a query image
_of a Ioca_ltlon or orB!e(RStaﬂen %y user using a mo ile de_zvice; 45comparing the image with reference
images in the degheated.(alahgss: JJRIIVCD heI0rRLBn ShORIFFIRARRLAR Rmaliiaghigierence
imag?; ang drandmiling oUsRIg0 RasesbenHBadamidiRd-acaiomg bisssde Beaksabeal

feature of the other sets lower than a first threshold.

22.  The system as claimed in claim 20, wherein the means for identifying

10 the discriminative features calculates respective discriminative values for each local

feature of said set based on the determined distances, and removes the local
features having discriminative values lower than a second threshold.

23. A data storage medium comprising code means for instructing a
15  computing device to exercise a method of maintaining a database of reference
images, the database including a plurality of sets of images, each set associated
with one location or object; the method comprising the steps of:
identifying local features of each set of images;
determining distances between each local feature of each set and the tocal
20 features of all other sets;
identifying discriminative features of each set of images by removing local
features based on the determined distances; and
storing the discriminative features of each set of images.

25 24, A system for image based mobile information retrieval, the system
comprising:
means for maintaining a dedicated database of reference images as claimed
in any one of claims 1 {0 9;
means for receiving a query image of a location or object taken by a user
30 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
35 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 mobile information retrieval,
40  the method comprising the steps of:

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

receiving a query image of a location or cbject taken by a user using a mobile
device;
45 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.



