1 A System For Learning Trail Application Creation FIELD 5 Various embodiments relate to a server
configured to create a learning trail application for a geographic area. BACKGROUND 10 The
availability of portable processing devices, such as tablet PCs (personal computer) and mobile smart
phones has made it practical to develop applications'for learning. An example of a learning application is

a mobile learning trail. A ' | i il: FCatioR | i (such as audio, text,
images or videos) provi mgg%%%nﬁ]aﬁéwp(ggiﬁgg l%?ﬁlgs?tgrR r &%@V@felfé%@on several areas

located within a particular region. For some cases, the content may be associated with a theme. Typically,
to enhance a learning experience, such a mobile learning trail application is executed at the particular
location for whichdhe 20mobile learning trail application is designed.
HPLabshasaprototypetechnologycalled"Mscape™ (http./www.hpl.hp.com/mediascapes/) for
developtgmobile learning trail applications. The learning application generated by "Mscape" is called

"Mediascape”. It is gdasatioshirseemsnedilelarptisatiopriatdbaagesates digiad 2bisaetiagniaisights and
sounds around the user. Ugon the user entering a pre-defined area, corresponding multimedia

information (aspu%'cggocﬂé% |%%%§PV|8eaoreaarid audio) will be activated. Games, guided walks, tours, and
destinations are examples of "Mediascape" applications. The sensors which "Mediascape” use to activate

a mobile leapATKEROUND
10
The availability of portable processing devices, such as tablet PCs (personal
computer) and mobile smart phones has made it practical to develop applications for
learning.
An example of a learning application is a mobile learning trail. A mobile
15  learning trail application is one having content (such as audio, text, images or
videos) providing information (such as the history or places of interest) on several
areas located within a particular region. For some cases, the content may be
associated with a theme. Typically, to enhance a learning experience, such a
mobile learning trail application is executed at the particular location for which the
20 mobile learning trail application is designed.
HP Labs has a prototype technology called “Mscape”
(http://www.hpl.hp.com/mediascapes/) for developing mobile learning trail

applications. The learning application generated by “Mscape” is called
“Mediascape”. It is a location-based mobile application that incorporates digital
25 media with sights and sounds around the user. Upon the user entering a pre-defined
area, corresponding multimedia information (such as digital images, video and
audio) will be activated. Games, guided walks, tours, and destinations are examples

of “Mediascape” applications.
The sensors which “Mediascape” use to activate a mobile learning trail
30 application are GPS (Global Positioning System), FRID (Radio Frequency
Identification) and Bluetooth. A 2D (two dimensional) barcode scanner can also be
used to activate the multimedia information, thereby enabling interaction between a
physical object and the electronically stored information. However, the use of a 2D
barcode is both intrusive and unnatural in that it has to be physically present in the



30 application are GPS (Global Positioning System), FRID (Radio Frequency ldentification) and
Bluetooth. A 2D (two dimensional) barcode scanner can also be used to activate the multimedia
information, thereby enabling interaction between a physical object and the electronically stored
information. However, the use of a 2D barcode is both intrusive and unnatural in that it has to be

physically prigashb i 1860 ARSI ARSARGEAE WiEhihg PaPialirasaie athappisalionrdkmay not be

practical to place a barcode on certain objects or to demarcate scenery. Further, effective barcode

recognition r&yBIRES LRAEASHRNCEITHE SBIgRIRCHOWRME G SHRNRN0F pedpfs: pigsiiYenaving each
person standatosddadbegpiticodedoicapiichas Saptage of ithe 2ID tuateeide Wdthdanatdre giigent. A

more natura j ition, efrieving i i SSQCI ith.ca images, is to
use freely ta@f—:‘vﬁ %%Igﬁﬁ% %éﬁcgg?@&Mwﬁae?éﬁ éég%%ﬁ#ﬁﬂgﬁ%% @ o%ﬂg es%g%%érl’]ﬁ%tg%tﬁ S?srgéﬁll search
(http:/MRVWIHRSRCE B IRTO BRefsiegcsdpriraaRifiaigih this application, people 10 can use a phone to
take a picture and geargbrtherdateraietilyintsrmaiiee assesigidnVithodthergigliagA ipifditaa@gplication -
Point & FindTM bé’ I}loo‘daw - a?s;ggs tags to taken ima&esléntt /pain arndfirgl.no ia,pom/), which are
archived, an%sél%p'%)?st 'esecggsﬁdgnedr?g%se ?Or'sne?/vﬂlsfea Sk gggs R Bre SRS to 1A afthived
images. SnagaRiCRtio(http:/Maoadeaptel Ggolppibvidesen applivatioet that wésal 15 inggfganatching for

advertsing, gepRAUYBCAIOEDAINRGAD 2, QRINSAFRIMA STARREHRICHIBIEL M peepRs Packaging

of a supﬁ)orted roduct. Such applications allow the use of a i}hone to take pictures on the move to
ele

access HRE A RRBRCII L ARG R RBGREATER. NG WGERSIHR B MaLALPERIGIEF M,
NokiaTM andiSntsedlidivreo ckesitailtreapptispéotive BpipliGatioms™rbynbibaECessidsigysthagsnd user, 20

S0 that the CoNRIRIRBERIIRHBY isse ABRIGaRNS SIS VAL AR AvalblaiBVMARY
25According to one aspect, there Is provided a server configured to create a learning trail application for a
geographic anegetRSTORRY iiISdIRG BHIDCAILBR chrARRFWREHRFG R BMIfateen At aDlurality of

fields, each padgegingagorgifie tngtionwives phorlity ehfie ke ciaewprigingpplieaatantfigidaed an image
archivq geldi ntqhae location.fiel corg\i,%tg_{ed to reﬁ:eive th% Lgi(?qg{g'pnr]]i% areaa detrg)% 30 ian(flr%%I agchive field
p

. €. matching for a Sin ete. pr. 1aipe
configured to receive Images; receive {em%la e Jatg f%r acemen% as tﬁe content of one or more of the

plurality of fietRPReddAUIB et ASVRr dcheakading wieaptaoeniied ofeduckRpritarRlisahen®ne or more
of the pluraligygf fiaklssand apimiadhadedictisetdhanelisatiendrasedbs terpiatamoimiap received

t late data, wherein duri ti f I ing trail lication, the 3 ' il lication i
confgured 18 ELERE SR Yeear R LIt RA T G B W APl DR ot

images gnd &@p@t@ﬁtdrptbe_tmagb e&s;hammmbaijdauispﬂagrm@oﬁempms‘tdathya&“@emwwith the
contenpin thegmage RECRINEHSHL WRRAREBIFRIHRESSIpplications is limited to what is made

available.

SUMMARY

25 According to one aspect, there is provided a server configured to create a
learning trail application for a geographic area, the server including a processor
configured to: provide a template having a plurality of fields, each performing a
specific function, the plurality of fields comprising a location field and an image
archive field, the location field configured to receive the geographic area and the

30 image archive field configured to receive images; receive template data for
placement as the content of one or more of the plurality of fields; receive instructions
for determining the placement of the template data into one or more of the plurality
of fields; and generate the learning trail application from the template with the
received template data, wherein during execution of the learning trail application, the



BRIEF DESCRIPTION OF THE DRAWINGS In the drawings, like reference characters generally
refer to the same parts throughout the different views. The drawings are not necessarily to scale,
emphasis 10 instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments are descfibed with reference to the following drawings, in

which: Rkl hAvablarh gy pREpReRIBnR of Rasr et e giRglmAdearming trail

application according to various embodiments. 15Figure 2A shows a block diagram representation of a
server configtfEHRS & <BRICD EXIFh PRYESFpRGHBRUCERERY 159 dR6uSERFHbIIMERIIMage Figure 2B
shows a screechéapilsie ahd graphic theeieinidHircdatr adsaddwyd/ avitbud e mbadimentae imagd-igure 3A

shows a sysgerg?“i\pﬁgf?eq&rw %vlirqat%ﬂeegcgge}gpdiment. Figures 3B 20 to 3E respectively show screen

captures of a graphic user interface provi by various embodiments. Figure 4A shows a process
that occrs in creating a learning trail application according to various embodiments. Figures 4B to

4E show flovg ReR DS eREFTIO N O For AEIDRANVIBRESStion of 25distinctive and representative sample
images. Figure 4F shows a graph used to tune parameters to maximize image recognition

performance, according to various embodiments. Figure 5 shows a process that occurs when
accessing a learniniy tizél dpphitanriikectieignee amaisoieesndsidirabnteig0Rigine sashewstse cases of

a web portakHrgHOGIeRERTSRIMIDRIEI FRB!GRlIARgaCHer Rt ¥asiany RIMRaliMGABhasis Figure 7

shows use cases when a mobile phone accesses a learning trail application, according to various
em bod]|91em’é‘.sﬁ‘?sﬂr@%‘%‘f?&%@%‘f&%?'%ﬁﬂé&é’%‘ﬁtﬁ%ﬁ{jf‘%%% r%’iﬁ‘&'i%e\?a?ifo% INBBIRedfdhe

following description, various embodiments are described with reference to the
following drawings, in which:
Figure 1 shows a block diagram representation of a server configured to
create a learning trail application according to various embodiments.
15 Figure 2A shows a block diagram representation of a server configured to
create a learning trail application according to various embodiments.
Figure 2B shows a screen capture of a graphic user interface, provided by
various embodiments.
Figure 3A shows a system in accordance with one embodiment. Figures 3B
20 to 3E respectively show screen captures of a graphic user interface provided by
various embodiments.
Figure 4A shows a process that occurs in creating a learning trail application
according to various embodiments.
Figures 4B to 4E show flow charts for an algorithm for automatic selection of
25  distinctive and representative sample images.
Figure 4F shows a graph used to tune parameters to maximize image
recognition performance, according to various embodiments.
Figure 5 shows a process that occurs when accessing a learning trail
application, according to various embodiments.
30 Figure 6 shows use cases of a web portal used to create a learning trail
application, according to various embodiments.
Figure 7 shows use cases when a mobile phone accesses a learning trail
application, according to various embodiments.
Figure 8 shows steps of image matching, according to various embodiments.



4 Figure 9 illustrates an image matching query. Figures 10A and 10B illustrate the implementation of
an algorithm used by various embodiments of a learning trail application. Figures 11 to 15 show graphs of
the results of using [IS (longest increasing 5 subsequence) and HOM (Homographic RANdom SAmple
Consensus) geometric validation method compared 4gainst SURF (Speeded Up Robust Features without

geometric vaIidatiomgQggIMg{g{g§agrpimageT,lagtEq)]Iil,qdv&gg@_rovides sample, but not exhaustive,

definitions for expressions used throughout various embodiments disclosed herein. It will be appreciated
that these expressibi#%® 188danh Blugiradeidhe e BpiRBaN iR i HIF AR MY a
computer havasaresybteimdeatichtetbionldy mairipglioakor more services, as a host computer, to serve

ihe needs of users plAtBEr FORPHCTRIAPSINETS SHEDASIDGITisret 86 AR iRangloHayayer. L also

possible that progranis utilising the servic _ the server also run e server itself, rather
than ondtheIURSePiRaES) TRROPIIRSE 'ﬂ@ﬁFﬂ%@aﬂ@alPa@%@ﬁ@h"ﬁﬁﬁﬂﬁe&@%@%ﬁ)cmﬁﬁtﬂng 20

content (suctxagaAiddimignbd iagfaRIViseaRI P SVRIMgSpE@aation (suBuas reathistoRyidioptaces of
interest) on severa{ areas I caéed within a particular region or geographic area, so that a user can learn

more about &eﬁ%%rrﬁ:cma{(rj?e'gp n or geographic area. When creating the learning trail application, some of

the content may be configured to be displayed only when a user enters a portion of the 25 geographic
area to which NPty is associated. The phrase "geographic area” may mean a region or area - such
as, but not limited to, a botanic garden, a museum or a cultural heritage site - for which the learning trail
applicakﬂan is designed. The term "processor" may mean an electronic device that is programmable to 30
store instructions amtiesfdikejog ity eaes sEnpls dostoretiarishustiicn Sidfeiterddoe e xpstrssibons capable

of creating t%éﬂﬂB%@EP@&’?SHQ%%@@ﬁ%@%&&l@%@%@?@%.eﬁ?IQHFPBB%EﬁEQIEJB fggform a logic

sequence, wherein the’instructions may be embedded or programmable by a user. The logic sequence

may refer to {}gSe&sexpressions are used in a computer science context.
The term “server” may refer to a computer hardware system dedicated to
15 running one or more services, as a host computer, to serve the needs of users of
other computers in a network, such as the Internet or an Intranet. However, it is also
possible that programs utilising the services provided by the server also run on the
server itself, rather than on other computers.
The phrase “learning trail application” may mean an application having
20 content (such as audio, text, images or videos) providing information (such as the
history or places of interest) on several areas located within a particular region or
geographic area, so that a user can learn more about that particular region or
geographic area. When creating the learning trail application, some of the content
may be configured to be displayed only when a user enters a portion of the
25 geographic area to which that content is associated. The phrase “geographic
area” may mean a region or area - such as, but not limited to, a botanic garden, a
museum or a cultural heritage site - for which the learning trail application is
designed.
The term “processor’” may mean an electronic device that is programmable to
30 store instructions and subsequently execute these stored instructions, these stored
instructions capable of creating the learning trail application. The electronic device
may execute instructions to perform a logic sequence, wherein the instructions may

be embedded or programmable by a user. The logic sequence may refer to the



implementation of flowcharts of instructions, with the flowcharts looping at one or more portions. The
term "template”, may mean a file having a preset format which is used as a starting point to create the
learning trail application, so that the format does not 5 have to be recreated each time it is used. The
template provides "a plurality of fields", wherein the ttmplate may use a graphic user interface (GUI) to
display the figligmentditsnPbl aREvJIRIAS " SPa¥sMaaRASRAES HGRIREHaRIAR M rosdhs content of
the learning trail application. Each of the fields may have a specific 10 "function”, i.e. a certain attribute
associated WA'heRIQTRh as, but not limited to: to receive image data, to receive audio data, to receive
video data, to receiVagengrapnphies dadg, teseceiiie textidgta pred éo freaeavevhicmitouxettasurce locator

alpisicia sl ARl ipfhe fomats

URL). Th '
(URL). The %@?&ﬁﬁﬁ%ﬁ&ﬁﬁ%%?@i‘t%“{ﬁg Fé’alPﬁﬂ?ge??aFP%p 0 e SR er dormats is

for which each resp IS programmed to receiv

rejected® OnBayemereefreseehénss eaaY AIRE Bk isovsetired 2@ 18PRIAR IAFeW IR efe RIHEAIRYUSE be entered
in order to creatR thahersmnadranapiatisatian vubile gepritakvninlisiieaaalbie woafigpredrie be and
optional fieldns YéEiCh may be left blank. The term "display sequence" may mean the order in which
data receivedeby 20 the template (via its fields) is displayed. The term "template data” may mean
input data, which mByebetireae a'iglds  fonanterday iatcHRee ralloraiestdfof triplthalitiouniields. After the

input data is yeepesediikbrREPAISS thaicapireambine PAEHPLMPRS REINS RidjalY/aT Heldeciie term

“instructions’’ may mean input, which may be from a user,{ used to 25 determine where the input data is
to be pl8ced THIACOe 6 MbFERNAETRHISIRFIFRIRE With the/ 1 SHAM BBt HAMHEd A% Qate, during
the operatiomeakihe |leaagegdad, afuplicatdrg veuelie thatleatningteileapptieatidatis, réadseteiraceive input

data, which s eepaiiie i i fdtaina'aeg BiinanitoC1ealion afhfdRATRIog Had dpplication.

The input da aet received by the learning trai%]app_llcatlon IS to allow operation of%geggarnmg trail
application t6fibeectSrierecersey mekitateaeiigksetionrbpresesdampRidr il Bisplieldfore B1at  The term

"match” mayorlgaae ieseialidaneaddon auiieieniclegmydiobVags 1eibgilimagenaaddive aontent in the

image archive field against which the input images are compared, so that an,identical resemblance is not
requirel Thadar R a5 2 R L e oA A Aa A TRER & AL RE ™ Abdgned to

access and pRoeesiaHecdorfdat ke 1eeUirgehi Mg | GHBIITWIFO P eARTISIER ¢y oI/ aitotieaiaibeliments, the
accessing appiigRig NS PR MIROPHRATHA S drARIARR] I fRIBN Bl 6FARiGe e aheratad. The
accessing a%%'tii%arl]%?% é?f 'ésw slc%r}rcl)lao)llekg g% ttthtgll%% iL(Iearning trail applications.
The term “display sequence” may mean the order in which data received by
20 the template (via its fields) is displayed.
The term “template data” may mean input data, which may be from a user,
for entering into the one or more of the plurality of fields. After the input data is
processed, it becomes the content of the one or more of the plurality of fields.
The term “instructions” may mean input, which may be from a user, used to
25 determine where the input data is to be placed in the one or more of the plurality of
fields.
The term “prompt” may mean a state, during the operation of the learning trail
application, where the learning trail application is ready to receive input data, which
is separate from the input data used during the creation of the learning trail
30 application. The input data received by the learning trail application is to allow
operation of the learning trail application to proceed and thereby facilitate full
execution of the learning trail application.



10 DETAILED DESCRIPTION Some portions of the description which follows are explicitly or
implicitly presented in terms of algorithms and functional or symbolic representations of operations on
data within a computer memory. These algorithmic descriptions and 15 functional or symbolic
representations are the means used by those skilledfn the data processing arts to convey most

efectively the subsiaer sy HhEsn SRS AHBRATICAD SIBROUMIsdpete i gsperaly.

conceived to be a self-consistent sequence of steps_leading to a desired result. The steps are those
requiring phyRRAIRHAATRASERCNEHSRLEN G T iR #8286 A SR Welsit A0 ARR eaich tapiRRYSsignals
capa_b.Ie of beiwé@at@redmméeryedhaoaﬂhhmwmmmmdlm mh@t\/vmmmjpulated. Unless
Sl ated offee-apdas ApAAACBIT 18, Hauina, Lk e dpRigF R gadlALouahout the

present specification, discussions ull terms such as “scanning”, “calculating’, %ﬁtermym g
"replacifig", YREIGENE, GRRREEZIAGY "BIRRRENYNC o0PBNESIe OfetBP tdaRi@iastidFRhNANRIKEESEes of a

computer Syﬁ@ﬁrdi’ﬁg%é ﬁinv!ﬂro@@@m%ﬁﬁ&iﬁ@; that éﬁ@é&@%ﬁg@@@ﬁtﬁhﬁ@ﬁﬁtﬂf@é@@ rma{,@sented as
physical qua]rétalltrles Wl[thlr the comé)nust%s stem |nt? other data S{%!ar.% (raegéesented as ngﬁlcal guantities

Sy ning trail applica -fhat are creafed or genera . CcessIing appll n
within the compu{egsys e pOI' OH‘IGI’ n orma%on satorage,g[ransmlssmn or |spl%1y Vf%%S. ﬁe present

specificationaslsoagigdiodder dppthesaddarmpegfanimpplitaiiprations 30 of the methods. Such apparatus
may be specially constructed for the required purposes, or may comprise a general purpose computer or
other device selectively activated or reconfigured by a computer program stored in the computer. The
aIgoritH|91s aﬁﬁf@&l BF&%HEJ K&in are not inherently related to any particular computer or other
apparatus. Various general purpose machines may be used with programs in 7 accordance with the

teachings herein. AlgENAtNGI, e GORRLUGHONBRAACTERALYAGRY aapga%g( =ity pg,rfqﬁqglg]ﬁlyrequired

method steps may be appropriate. The structure of a conventional general purpose computer will appear
from the deRi5EBIFBelBwSMad@ficHIREBIR st sPEHieafoRaISY TARIRitIPRIR EAERILRSc dthputer 5
program, in disritwesildibeiappaieii ta thenpsurenmktied inTthesartalbatitheindividuptisteparaf the method
descritied e may BecoiRie elfsel By semedier kadg.1he commyisy Arodram s nplnjgpded to be
limited to any particular p ogrammlr?gelanguage and implementation thereot. | Will bé appreciated that a
variety of pré¥Paassituadn uagReHmPebaifesivelicberaustrRnoe & theinmenie mirestaidtedigs of the

disclosure lficantaineslduriai. iMsrROVEaTd henerINPUEHRI08E be ROsdNienksstdat ke dinaited to any
particular congral flo are man othi‘r x@riants of the comEute,r Rro ram, which cz?n use different
d $pifit

. Th )
bontrol flow WABa RS R G ST S 1908 BSHACRR CeRIRS PSR ARIRLEIORS or more of
the steps of thebysialigranidgpansutiaybeieeticahadagnpticatieloeittalr tiganls aqpahtealy. Bingh a
compusey Proglar [PakRRSIOERAHbHAH 85 SABRUIRE BiASARS Mariykle computer readable medium

may include storage devices such as magnetic or optical disks, memory chips, or other storage devices

suitable for interfach¥ySARFREGEARM SHRIRSULBLBSELRAD FhERIHIEP P LERIO WIRGH WSS also
include a haeghiredteaedatmhucihas eheprpiéedsipetificitierndibsystems ativzirglessnmedamasuch as
exemplified ‘%&Qﬁpﬁgﬁ" m89%%|£‘?i'r‘?£{‘°“%§t\é§ﬁ%mn&9 The Gampyer piaRLamyyhen Iaqdadapd executed
on such a general-p rpose com_Eu r _
“outputting”, or the like, refer to the action and processes of a computer system, or
25  similar electronic device, that manipulates and transforms data represented as physical
quantities within the computer system into other data similarly represented as physical
quantities within the computer system or other information storage, transmission or
display devices.
The present specification also discloses apparatus for performing the operations
30 of the methods. Such apparatus may be specially constructed for the required purposes,
or may comprise a general purpose computer or other device selectively activated or
reconfigured by a computer program stored in the computer. The algorithms and
displays presented herein are not inherently related to any particular computer or other

apparatus. Various general purpose machines may be used with programs in



effectively results in an apparatus that implements the steps of the preferred method. The invention
may also be implemented as hardware modules. More particular, in the hardware sense, a module is a
functional hardware unit designed for use with other components or modules. For example, a module may
be implemented using 25 discrete electronic compofents, or it can form a portion of an entire electronic

cireuit such s ARRISAHIPHSRELARYIRGFaR MUIEMIVASIF: SEIRION fiRbROssllss exist. Those

skilled in the art will appreciate that the system can also be implemented as a combination of hardware
and softwar@PREERIRS!O Performigfare MG MBI RIGRG MM RS ABREMHREH bROREWHED Inent, having
a 30 server todvihationelisyancadi psipasapotapined widtayspdao froomtpatessdiiioshiesisy.in a network.

The server 100 is configured to rping.trail.applicatio: 2 for aphi e server
100 includes a procf%es_,s%%#ljn ﬁgg’hg\{/?n ‘T;vegr%ﬁﬁsg rogé%éﬁ% tﬁ%%kéﬁé%ﬁzﬁi%&%%%d 2% E J Block 104
has the proce&ssame N doatigured!tos Grer elidmpateeroehaiiing & phearyteatidridndixelPerforming a

specific funcieps IBfVRIdORR B AdBDENSE, HaeeHPesdcdbnsitontayfsause toem|rasnipgdsairapplication
122 to perform an ?ction such as reaye%[ir&gti ué.d ta, The plura i%lof fields coeri e a 5 location field
108 and an i%éné)eu aerrc%ri%rﬁ@k'is ﬂ%.' 898800 fiek eiﬂotg 2" o%?{g'ureac{ L& eadlggﬁgfphic area
(for which theneaimipignneitatioplidhetaefl 2 iwidrdwtead)prRciaiathdeairehiveritéid df 10rgeanfigoged to

receive imaggsqnaieRtadd @ Qsny RNIdOEISPSEaRIG R FRp¥RBALEHE TRCHIRRStAYISHRR UReIude further

fields (not shown) such as one to receive video, text or audio files. The 10 template 106 determines a

display' Sequettia M WRRRRoMRIGONF thE PIGPAHRY 16T RERIEAD dfsPRlyBIE TR Xt Mgt rhiPHication.
As the templedeit@érateerady floes Bmeddedeaadinthén ashne ohehspeaiiioutien giiografeadtictine plurality

offelds, cregyion,of Ui eArang A ARAIGAANLLE2 (O RERLFROUIR B AYBOLMOTNE ARADUCT

programming knowledge or an 15 understan i%g f how a computer processes images. Block 112
has the processor TR Grea® RcaNfsaethpiate 8RS 1974 S HABEHIBNRISIAE CERRNPST one or

more of the pkialinedfifigidmiiEhexploratian oktielsaiane. draigrechiapliexipiirawithdheploradity of fields
being 3 le to process mul iPIe forr@%t%orfT]d ta coglﬁnt incluqing vidoea%ngudio .power. gojrr%lﬁgges and 20
0

t
portable doctment f(%zrorﬁg\)tl,J POER Content hosted oA gﬁ{/n Légrs{a?\a}er, mcmg%udr?hirrnda a'rty content

providers, ostggeddcR AL 28 cHRgIREe Atcerkical Hifkse MR 0bipsabehsedEtorage Block 116
has the procgsfeed S4itasRiGH iR iR EREANE IRFEHEHANRALR dAARBIENINAG dbe Pleseimeiign the

template data 114 int ) f the plurality 25 of fields. Block 120 t 102
confgured (R GEHTARAE I TR EF oo SEHEAIh T2 WG OkD @5FEEGB% i e FEEILd template
data 114. Dwyapexecwictiessthettammngirad apphigaified hetliESammhiettalepbphiesysted?22 is
configyigd (G RRGRIMMHBIERTIRAR DR 181336 178 erddeieBRIBeWaRIBRE2IPalSsSadmRksetween the

input image 126 and the content in the image archive field 110. When a match exists, the template data

associated Vit THEHOIRBHISNAR ARAYEIPIRRRIMerS G iRy <t the preferred method.

The invention may also be implemented as hardware modules. More patrticular,
in the hardware sense, a module is a functional hardware unit designed for use with
other components or modules. For example, a module may be implemented using

25 discrete electronic components, or it can form a portion of an entire electronic circuit
such as an Application Specific Integrated Circuit (ASIC). Numerous other possibilities
exist. Those skilled in the art will appreciate that the system can also be implemented
as a combination of hardware and software modules.

Figure 1 shows a block diagram representation of one embodiment, having a

30 server 100 that acts as a host computer in a network of computers (not shown) in a
network.

The server 100 is configured to create a learning trail application 122 for a
geographic area. The server 100 includes a processor 102 having various
processing blocks 104, 112, 116 and 120.



Accordingly, various embodiments provide for rapid and easy creation of learning trail applications that
facilitates learning through taking pictures, or known 9 as "visual interaction". Using pictures (and the
image recognition technology used by the processor 102 to match the taken pictures against archived
images) taken of objects as a means to identify or lefrn information about the objects, is intuitive and

convenient. In an egjgagimentyagt showRWaese thevleasming dsall APplisalin 422 5 taperaied on a

mobile phone with a camera, using the camera to take a _picture of an object, even when not prompted to
do so by the¥ng traivEitvicaliolries, GRFRabETREHIKhIR p"r'?&‘fg'ﬁliJHW'Worm@tidﬁﬁ?é'-sassociated
to the objectemidbdnmeaits)eth & apeuisie mbotvnemisypeaviste inteleatiiity eivapplicaton arzbtiheir
surrounding phic the int tv| by-the | IOF ' be in the
form of text Bor A S LIRS L B PR, s Rk ey
surroun8iing lgeabeapAriGré88Ner PRoVimes a2EftvRorfttlEl nE1Q actidie JAeAtRS niglthd 88 ahext location
to find an objegiihdiciaverbriie hekilsophanac Tdreteiese wihaidaus e mkedine fitsifagifirtgiexperiential
and discover1y %arnin%.alfl%ﬁ/ev%éni%%othegrem\tl)g llglgn% 1(2)isglago%ﬁ inrgodrn%atipn g(/e-alssgc(ia%ted to the
object may no% &Er&NeF0 the geogragﬁicaf:area. Variots €émbodiments Sifow for The? Greation of a
learning trailiagightedida hehvithinstre rdofapblsieteawilfranuderitigodianikels wisylalsgmifdedgat such
objects are fR[{HaptagIAPNING. IAGGHY EFOLEBNE theriRaipingiliad aerlicatignafrire therpther hand,

no clues are glven to users on what images should be captured. For a randomly captured image, if there

is an alchive@ BRI RJECIRE f ALUSBB%E8WRAGH M FEIGAARRING iaRWAl tisHay. If there
is no matchifigldsabidexpliayagen loa hdamiag draivdbpéadisprayed, or a message is displayed indicating that

the captured images pot ESH?&Q%B%@%E[%&?&B%E@N&%@&%&HM %@J&H@éemét%bgrgmther

embodiment, which uses the server 100 and rocessor 102 shown'in Figure 1. =~ ddition to the
capabilities deRelit@WARCH Hie & uatihy Rk fieliSo vEcate b I a0 o riiat serbagiiofirtikér configured
to perform thibllaveingdyoietons. heorthe leatringdiistagplinaidparddhits wieatesdgee grogessor 102
may be] 5”;0 further Forglilqur tov\ﬁrovide apeinstruction ar information, before the learning trail application

122 is execuLfgg%snatﬂe iﬁ\ggeg t %tcgrnépsuupb Sed 1o be captured. During execution of the learning

trail application 122Blerk|dAPnNiag il RissRsRes] A2 Zendolps tiereaeivrtenatate detgdiid ssociated to
the input imqﬂgcé%m%',vmé Mﬁ"f&@éﬁ%ﬂ@%@%ﬁa|%@rﬂﬁié‘9)ﬁﬁ?ﬂliﬂpﬁlﬂqﬂ§i9§. 1iﬂe%mt9wmi0n 10
fields are designed for flexibility, with the plurality of fields being able to process
multiple formats of data content, including video, audio, power point slides and
20 portable document format, “PDF”. Content hosted on any web server, including
third party content providers, or data saved locally in a computer accessing the
template 106 may be used.

Block 116 has the processor 102 configured to receive instructions 118 for

determining the placement of the template data 114 into one or more of the plurality
25  of fields.

Block 120 has the processor 102 configured to generate the learning trail
application 122 from the template 106 with the received template data 114. During
execution of the learning trail application 122, the learning trail application 122 is
configured to receive at least one input image 126 and determine whether a match

30 exists between the input image 126 and the content in the image archive field 110.
When a match exists, the template data associated with the content in the image
archive field 110 is displayed.

Accordingly, various embodiments provide for rapid and easy creation of
learning trail applications that facilitates learning through taking pictures, or known



of the learning trail application 122, the learning trail application 122 may prompt a user to provide the
input image 126. The processor 102 may be further configured to display an alert message or a pop-up
description when a user reaches a location where a picture is to be taken. The message may inform the
mobile users what 5 images should be captured and9where the images should be captured. During
execution of e Rarangdralianplcalla,GRwhs IeaB R RlkaRRaan bR gl condgured o
display the template data 114 when the Tearning trail application 122 receives data 226 (being in addition
to the input iRYa4E PIBIRSRErLRSd D edr dre Fyeaamiciives FeBRhARbIGb MRS BE! for 10
example, a robjeibespiioaahvdres edthdeleitfynorgdaai applioation 283Ut texesbiteds Tiberdaitv@2manay include
any one or the following; . j t e : learning
ra applcatbar 2y e e AR 22 uch
226, whith VID QRPiFRE Ptha B19PIE RITARe Yeatamata. using A escasssade trlieR thistyreéw data.

The data 22@rsBidee, eses Whdier0sesnpietld Woallowytecesuring treill application 122 taiproceed with
the display Qr]; the tt%mplat%%at 114. Jhel tem ]Jate data 114_WhiCh.%§ rgtyrnt%d, darin execuytion of the
learning trail aaﬁlglica‘t:’lorrr}q ! geggﬁds'%%e' y%rén 8%'8% RIS F6F in%tan%eo, B ata 228 which
comprises 20ndooeatiorvaaeastherszodimgntail RpplidationteZ2tividy gretidea gésareal aventiesir about the

location.  sTheRARESHRLGPHIRIULRE!. corfiguad dnng orsnanthasinatigniheareofisataying the
template 106. Authentication may be performed by checking whether a user identification and

correspOndiny HER MY PR RERTidAIT Tl ISR BUSH 25 AL E HEEQs 169 Way be
further configubedtkgrbavd thedergiaye di0hacessitidiby geogaptte seea ppiidatioprokzidimypies of web

browser appligigg RS Inieist EARIRreld MhanrdMr U e sciMon 1o nAfeAasgsser 1021s

further configured to receive instructions for associating the content (denoted by the dotted lines
connecting rdfRRENES nilndRgs TRRile1PRNS40, IAST&RID44A5 T PTIRRIBI BRGTe BCi@Surality of
fields. Terperneplaie dath ditdemplisasiniormadaevelatingdadhereseivediineagesisplapr
geographic area. The information relating to the geographic area becomes the content of the image
crona pelc o B I8 R R e R R R o 240
configured t@f@@eive questions related to the geographic area and an answer field 242 configured to

receive answers to ke sa8PEFBEIAHESIORAIN ther aHestrshtiel! 846 T@é@dﬁ@‘m@'ﬁﬁ Qéﬁﬂcjaliﬂ)rprowdes the
content for theE%uestion fi?él}d 40 aré% 5 the answer field 242. In varioys mbodifjnentﬁ, the content for the
I

guestion fieldf 'E?a'l’é%fﬁe R éqre é%ﬂg tWE'bé‘&gégﬁmﬂyaﬂBsf#b‘?fwm [ th &Y ﬁﬁ‘}gj F‘:Silsé?} lication 122
is designed ahittie aerfienpiotdpephingetdiatdiZig eoatdd iespe dtiemmgsiiat spplibatienguestions. With

the quegtionfiglgidPanfithe M%r@?%éﬁ%@ﬁ%?é% %ﬁﬁﬁ&&% EAbARRE AR Fed. Wil prompt for

an input, from the function performed 10 by the question field 240. The input data 126 received and used
by the learnifig" #afA4PMICHRIHeS2 lR%Rer cEIRETdE rBPISEHY L LRAIRNRG |48R4Ry GafEBblication
122) to questsstiaten trcondeatobiibe question field g vill iksfgayning theleajzphoaticnchizayis also
o S R DI A o e AR AR T
indicating that the captured image is not recognised.
25 Figure 2A shows a block diagram representation of another embodiment,
which uses the server 100 and the processor 102 shown in Figure 1.
In addition to the capabilities described with respect to Figure 1 above, the
processor 102 of Figure 2A is further configured to perform the following functions.
When the learning trail application 122 is created, the processor 102 may be
30 further configured to provide an instruction or information, before the learning trail
application 122 is executed, on the images that are supposed to be captured.
During execution of the learning trail application 122, the learning trail
application 122 displays the template data 114 that is associated to the input image

126 received during execution of the learning trail application 122. During execution



service providers to cater a learning trail application 122 for a specific outdoor excursion. In a learning trail
facilitated by such a learning trail application 122, the replies to questions posed by the question field 240
can be submitted to the server 100 for consolidation and marking. These questions further enhance the
learning 20 experience already provided with the usé ®f pictures mentioned above and make for an

Interesting, IB{UtyG AR YSFAFABHIBARSR PBNIAG RS HSi| appllQRiIEMZEImIpBddbegmPprises

geographic area for placement into the location field 108 of the temglate 106. The témplate data 114 also
comprises ira§ELOMIRKAR NGB MBS d&For JIHRARRGRSHRE 194 MAGEAMANRY RORMgYHS! 25the
template 1060 displiguie 2Brshmassasaearpopriprdadcriptioataiee of asgraizcheses iniexface, according
to various emhadime oye he templat create [ ' lication,122. Figure
Rl RO R gt S TR GG L
upload feld PBRITHahsiHshecaninedIspEHbREiiadenged BT ideaieaPitRm the geographic area, the
izngigestﬁO bfeoilng %@@ irébsaefémibnage fiedd %&%ﬂfghﬁéﬁnﬁﬂpﬁ@éﬂﬁm ﬁf%@,name I@;_éiﬁlhﬁlé;lz(,)tiﬁﬁ? rL]JF:]L field
and the video fie ecome content that is associated, throu e image, fie with the
images 210.aﬁp%ca{'%1oﬁ%%e'rs aﬁ”érr]n bot %@ﬂr?v%z?e@ﬁ@%ﬂeﬁ%ﬁn@ﬁe’%ﬁ%g? Whi10 Y&l?sneér}% indicate
the name of igrrmingtian aibiicatiengtdd raskives siafasA2q) (reinglintadditien fielie 2Haub it RB6 are left

empty, the rq%ﬂ%ﬁemﬁ;&i il Q&%%%Csa@r%ﬁﬁ%(wiag@&fmr RbERRGRENSinEN iy sxample,
GoogleTM) for the text data in the name field 5 252. If,onlg; the URL field 254 has data co sing a

. : mpri
websitd hdd RRIG AABLS RRRTOERHSHARR BRI ERY ARPRANR bR P WW&*&}O%d 256
contains a vidiia 226 theyURilute cdh@p e emptyrdlod thddolloillibe: (@ dalhbotmtpaseitheardimdd 256 and

the URL fielqy g QPV&E%?Q%Wc‘éFePacIEQtéhe WRBSHENHIh eﬁéﬁp'%dﬁﬁ’ca%‘dﬂeqwoﬁﬁ@,oﬁf g website wil

be a button to play the video. The upload field 10 258 is Configured to create a URL in the server 100 (see
Figure 2A) fGMROSBGEH LOPHQSHABTB S USRS, 'DHRTMEAXBOPSHERPEHETFE®r any
images in thaismaicoiavitighet e dieplisplayed esnpriebpage sULhihas ispgssotiard wnp)ttat are
entere(lié'nto ttégvu Ipad field 258. If the upload field 258 has any such file, the processor 102 (see Figure
2A) wil Create 4 URL in the server 100 for the uploaded 15 file. The address of the created URL will be
shown in the URL fiEN¢ 25542 1288mbieibed Phd el arpcesslrbtogvienatiaenthatieiaingdrals of the

created URLgdhicitigHerpatiyeote cutaimingra \Aademalliof ihe videpidrldizkocan condaisnipldrl- address
that hosts a video file or an audio file. Returning to Figure 2A, the processor 102 is further configured to
process 20 (Y b NEHHE YT SHI S XS Ol dBRuiTA b Lel ARG RS 475
representativiepéibde gedpapne alchanthta 22toveondistainon the date @20 iwagjesomprisEise template
data L34 may {yibier eRmPpiiee iR Paiused kamAnoaiaro Maied Lralacementiviaihe image

archive field 110 of the template 106, 25 the object of interest being an object to which information is
associated. BORKENEHRSHHIR R ssor 102 is further configured to process the images captured from the
object of interest willharnpadgestiom 102 eke dlinhegesotifajuacel represdotativwutiidhtcabijectafforterest and to

L%Tﬁgjrggifgiégqg‘yi%etﬁ%‘?&ﬁ?&é@%‘é- KUYREIRHS BRSNS AR R BN R ABRURRIIL 122 Is
a user identification and corresponding password is identical to records stored in a
25 database. The processor 102 may be further configured to have the template 106
accessible by a web browser application. Examples of web browser applications
include Internet Explorer™ and Mozilla Firefox™.
The processor 102 is further configured to receive instructions for associating
the content (denoted by the dotted lines connecting reference numerals 108, 110,
30 240, 242 and 244) between one or more of the plurality of fields.
The template data 114 comprises information relating to the received images
126 or geographic area. The information relating to the geographic area becomes

the content of the image archive field 110.



30 executable in any location, even beyond the geographic area for which the learning trail application
122 is designed. Thus, the content which is not associated with any geographic areas of the learning trail
application 122 is displayable when the learning trail application 122 is executed in a location that is not
within the geographic area for which the learning trail hpplication 122 is designed. As a further 13 optional

parameter, the learng ialLARPUFAARIL 152 GRRTIGHIED B NaMA&! %%%%BQ“H%L@EH&% fduplate data

114 displayed only when the |éarning trail application 122 is executed in a specified segment of the
geographic &% CPREGWRELIP JPaRivRe MRS BRIt At ASPgRRIS §ERD ARt EMARSME  specified
segment of theld2geografificett ea.rbtaive mimdénetd (hotrebpenivehgrestimderrnirgduaibigplication 122
is operated ¢ il [ P I itioni Y, ical learning trail
application E%acglrf\%ﬁsi@#g%ﬁ(éﬁg%c%ﬁ)ﬁ%o%&%?fﬁ%?%%ﬂ%ﬁ (/v g@&tﬁég%}gﬁr%%?gg?ﬁaﬁgplicaﬂon
122 is beingtbperasaerfighe 98s apyiade s roeiveria thaicatR hiRicagonueriias feldmtiin the
geographich@r@aqll@simnylhalaﬂlm t@@h@if@é@%gﬁiﬁ"gﬁi@m&ﬁméwmﬁg Jéherlx(ﬂﬁgmeaﬂ wﬂbrra]@éthmdismamed-
However, t arning trai ication 122 may still be operating in the background. In this manner, the
arming il ool RIS B S 7 T, a6 P GRREE B G e B e o
shown) is a fielthésehguestiphate VOBt qtikstiombedde?dmer thaarfowendiridirkhacivaded.the learning

trail applicatip Jekimikey 40 Q&pﬁé@ﬁ&ﬁeﬂz@r\/\ﬁurﬂ%ftﬁﬁ%ﬁ (RGLS RN s oA Beborkrlerometer.

An accelerometer senses movement and gravity and thus can sense an an%le at which a mobile phone is

. d .
being H1d. §<¥\}5'reaﬂﬁ'§ﬁ}§)ﬂ13§ll%@%QOVT@@(?QB%%WQ QRJERSHL R HEE Fr DN S HIUNSHERAL and during
creation of t_h@;lﬂziaaniimg urzﬂ_ampﬁbaﬁmmmi,se_iatepdas ey ingatsnod ﬂmﬂeaxewardieml@nimtame, the
20 several fighls, W@%G%ﬁ%ﬁsaﬁﬁFﬁﬁ@%‘dﬁ&ﬁ%ﬂ@“t%%&ﬁ@w 213039070 FRAreEIMYRayhen

exceeded, will activate content to be displayed in the m phone executing the learning trail application
122. Thenehsaii tifRdpAiRatieRNEr Lonigwedisrdatertine wotierdbe 4RRteR)MaHENdBening trail
application lghean mshdendawniaadalalg. into a platform that is 25 separate from the server and
executable on the platform. In vario adiments, the separat orm may include a client computer
that s Brmected to e R ToIBS S S R Al S RIE LRI R SRR, e
further configare&eoRIIRESa tPacatessiAd erpiiratitalltrrikicedanglred fer ranspediéaroingeetil

application %M&?@ﬁ@iﬂﬁ*’lﬁléﬂ}rﬁﬁQQQiln&@ﬁ’@iéatW éﬁ&@%ﬁ@érrﬂﬂw@.t%?éﬁﬁli@atmﬁf Pi@t,f(?ﬁ@_ that is
separate from tpe server. In various e bo%lments, the faqggé%n apﬁllca}éb%%s r céwhed to be installed to
access and R iﬁ%ﬁ%gjﬁ?ﬁaqpﬁl Qﬁot & 95 IR s g %gp &at 1:%9% } ﬁﬁgf\(’:%rnfigured to
perform authdilidationrizsigeatiem@ing therldagnintead aopltatisniutiher era@gerdbeskmiog is further
configuied teise- BRGIAAFUEE) (9 SRR Whe e dipirialed FstREmassa-BRHERBAgES 126 I

the learning trail application 122 and the content in the image archive field 110. Figure 3A shows a

system 300 fNdRESRRING: RidvA SR IpIIRAEKE PRI 1535N0RiRPSEREphs, the system 300 will be
described in conjuritiientevipldig uram 3N 4o Amprises gesysianiSCheaall durs mreatoenofitearthieg trail
applications g%gi[n%CEé rq'@gbéi font ‘fél?é‘:hl Bbpnel-ﬁé(e{&pllag{eergcb&diﬂ n |g6a%(% d on specific
curriculum. d)t er embodiments have the Pearning trail applications designed 10 to provide a guided tour
of a geogragf@ggedVigaihe gsoshapdis RERRIPE Plaremea ey tapHrage A ehivedielan'd@veitisement.
Thus thg systemerPlasarnd@nly limited to providing learning trail applications that are used for academic

purposes. Theti_e are ?ZBarts in the s?/stem 3(@ a erver-eénd 350.and a %Ilent-end ?eGrPeic%E the

server-end 350, applCATORS PrOVIdet61S Tor Aors o LraATE ISArmng BEPTc Userin

according to various embodiments, employed by the template 106 to create the
learning trail application 122.
Figure 2B shows that the template 106 has a name field 252, a URL field
30 254, a video field 256 and an upload field 258. The screen capture also shows
images 210 of a location within the geographic area, the images 210 being placed
into the image field 110 of the template 106. The name field 252, the URL field 254
and the video field 256 become content that is associated, through the image field
110, with the images 210.



15 applications in accordance with various embodiments. At the client-end 360, applications provide
interface(s) for mobile users to run or access the learning trail applications that are in accordance with
various embodiments. At the server-end 350, one or more of the servers (300a, 300b) is configured
to create a learning trail application 328 (represented ®y reference numerals 328a, 20 328b, 328¢ and

328d in Figure 3A, whileifdgws éﬁwﬁaamm%ﬁé‘?é%@ﬁfﬁé%m%ﬂ%@ RFRRED S AP RoOT the

learning trail application 328) for a geographic area 3 The server (300a, 300b) includes a
processor 30XIGRR IR RBMGRHERFIFP SRS THAARR SRPHERIHS S (298 B ulede aiRg™.
25Accordindiyldbe2proaadses B arei setoafigiye thto retaviidel adaroptais! Bbestemyplatsistsefusiagnted by

screen capt 3 n e Ei S pectivel ic user
interface (G ﬁgrr?r%c(?w é§ %%/theect@?n%é%?gget r%bé%ﬁ%s@%ﬁ}ﬁﬁ;%ﬁ%%ﬁggg &%]éﬁ%i%? 342, 344,
346, 348 and338 'fr@mvli@@ﬂéB@BQ% 364, ez Hareamimg acsparaRsienrdaressomgihes it 3E
feSD%Cti(;/?yﬁflavmerﬁﬁbl?_ﬁl‘(’,tbtﬁésl\Bleﬁﬁte?%CbQQﬁébmdcﬁoﬁEtﬁétb@lékﬁaﬁlﬂél&IE5Sf??tfltgf|a§ea(G§JO% 210
provided by the template. ws for a user to. enter data into the plurality of fields (see : :
i, 300, BTG S o LS S s ear e e el BN AiTG WEent tnat i
used to creagdthandainind trkil figiplidafione828rcppegiivealiigtaf firedwehsde308! bE 3MispIaned 344, 346,
348 and 3388‘[?&5{%%8 PP tﬁ@%@&@ﬁé‘%lﬁd@%@ﬁtgﬁ%ﬂw FHEBaoErR iR lbeEd$310. The

location field 308 is configured to receive the geographic area 3 e image archive field 310 is

.Th
configd®d t&r8d&iFaHARE A AIERt a5 Nd0B SR ALY (Sa5cNiatif Ine GEAFRSRCAR% 332 or 5
may be imagpdfdpartaiiigedbolimesrtefst;met) arppbjdtittosehiElowdoPuiatioh) & asgocratges Butiean object

need not RegERARL b MAIBHAISKAIT HCAGNRVRANG A ReBRARY CUBIPIRRRN Ak BROINRGE P! during

creation of the learning trall Sggllcatlon 28 Other fields of the template Include: a videc 342; an
audio field 32/ §URELUHAJMR RRISadrE8ld sextion) fisid BlG\isiE\ia8 A3erarynectd HR: Tt Internet

resource (sushéessaovelnsitidesFijatdimasavitiericatéhe URernethesaives indisplayed.glotrgexecution of
the learping trail application 328 a text fiel ; and a button 338 1o, create the learning trail application
oo, T8 Rl B R S S A 8 B e R B L R e
which conteifield i dlagatigiafifiviloeoxansittienovisa haagdresBabiizigreaied R lroFRjures 3B to

3E) is displayrériniive RpcaingiHng aPpiiediar 38 Figuenek PsaneiResRmRedinet digrssis no display
sequence, sq that the content jn the pluraljty of fields (see 308, 310, 342, 344, 346, 348 and 338 from
Figures 3B t %%Qﬁ%\gqﬁaég?eod éb gl{éérﬁ{gking a picture or entering a particular segment of the
geographic area 332eisning tentpiatealBatheusexsessbeddedis2udbdingatafigohdel otipeospssific function

of eachne phy iy gdd iﬁ}f{ﬂﬁi’ncfﬁét%gﬁfé[ﬁﬁiéeéféﬁ“G/i iRILARRYERHAN $3 HI8EF RIS WHE: afauthor to

have computer programming knowledge or an understanding of how a computer processes images. The
template maSPBEPSERENNE 8- oy HPSRERPHEHATRR cA e th BN G R8T dFIRcABBnSSREeE that the

template is docassible by a web browser application. 25 The processor 302 is configured to receive
e 5 o STREIETSBIES SYASHLS T TSRS R 280,10 42
object of interest for placement into the image archive field 110 of the template 106,
25 the object of interest being an object to which information is associated. Further, the
processor 102 is further configured to process the images captured from the object
of interest with an algorithm to select images that are representative of the object of
interest and to remove noise from the selected images.
In various embodiments, the learning trail application 122 is configured to be
30 executable in any location, even beyond the geographic area for which the learning
trail application 122 is designed. Thus, the content which is not associated with any
geographic areas of the learning trail application 122 is displayable when the
learning trail application 122 is executed in a location that is not within the

geographic area for which the learning trail application 122 is designed. As a further



The processor 302 is configured to receive instructions 318 for determining the placement of the template
data 314 into one or more of the plurality of fields (see 30 308, 310, 342, 344, 346, 348 and 338 from
Figures 3B to 3E). The processor 302 is configured to generate the learning trail application 328 from
the template with the received template data 314. DuUiing execution of the learning trail application 328,

the learning U&%’oﬂ%PkB%‘?‘H%t%??ti%qum HEEEP ABERALHIGH 1995 0RB IARUIdENRIR 5t REdpRUt iImage

326 may be transmitted 16 pictures taken using a camera integrated into a mobile phone gas depicted in
328c, but alRPER MG IPE seRiREHERmASdicieRiYRE Brike¥Bsn 368 1sFminerEIhAgRIEG 8 Yetermine
whether a magchiexistebriveen dpeoiiked h;nggrenﬁ% taadgtkwgl eaptientha3d iITHeepordge afchive field ?;10.
However, in odli e arni ' lcatio S0 t externa
platform (se(ta% ?ﬁe‘%@%\?eg{r%umgrg% ggg&é@%ﬁ%ﬁég%@% d), GE p?%c%%%%o%%t %egrﬁ;((tgﬁtr%ﬁ platform may

be configuredas@iheNERAg imRAsHNeadivRes & @ gervmind iecitR fer g Rrakisephediien the input

images 326 apgd {Beopeniesd 3 i thebinagieonks hvienfirld 3 P Soiber eahnsingns yhan)a match
exists, the tem atet.dat%?,llél arsnsgci?rte Wit|i'l ]TO thggntennt 334t1h§%eplg%ure 3 iﬂ fhe 'mn e archive
field 310 is oS z'acyae'c?.nTheeagsaocllageda{'eﬁPp?a{?ea('%Ea ?’nav Se tranamit eod)F(():ra ?sp gy' 174 Mobile phone
(as depictedthrettesationewheret heseabingldtaicwppigatioBRR2 is briegsppryaidnO [irihnddesa web portal

to access thﬁfgﬁ&%’éﬁ R EheRIYAS ISREARNA| RRFRHR 328 P WG CHRE M B dhegyeb portal

provides an interface through which a user will log into via any web browser Whereb%juthentication

( ] [ b :
may bd PerféPmuBIBiR: 'SREARY {3 tharBlivaian I dRsigead: the Gepig W BhRE HSRIVESS the
ftemplat_e to_dﬂeate\_/ére ﬂl@arlamgit_rgitrap_mm&mhims enfiajostilh e dpanttiggsn the bthgraptp)_dicatio_n
installation is jqfiTetrindhahl ibsHfiticpaeasnaniiasishinsenalipadupiesal a client

computer 301 = 2. Access to the template, via the web portal, Is independent o ogera‘ung system
(0S) of the GREIYELGMPABPEIRL . optiongl fatrsr Mt exiovBhtid] 2diuiRt v iegelath QRdRRess rights.
Only authorig@iiseseisceir aeetssdhe createnisaihagmicationsthy enieting tizaliaptdicaernaee and

passwged. Far ey slon:ps elr aesaunis wil maln Renrlngunth aRprved g fejecled byhe web
portal administrator, who can rewew? e user ac ounfde alls. It 1s also poss?bl% 0 res?rlc{'a_ccess such
that authors %Pé@iﬁ@%@@[o‘ﬁ@r@ﬁqémmﬁlt aﬁélﬁ&mmﬁw@mmé@mmﬁmman view

only their ovd) GrR@iRd aRBlEAtiENBeMpilen g WeBhrital afdidisHajorsanpyiemédilto receive
accelerometer data from a mobile phone and during creation of the learning trail
application 122, data can be input into these several fields. For instance, the
20 several fields may contain a threshold inclination angle (such as 30 to 40 degrees)
which when exceeded, will activate content to be displayed in the mobile phone
executing the learning trail application 122.
The learning trail application 122 may be stored on the server 100, although
the learning trail application 122 can also be downloadable into a platform that is
25 separate from the server and executable on the platform. In various embodiments,
the separate platform may include a client computer that is connected to the server
100 over the Internet or a mobile phone.
The processor 102 may be further configured to provide an accessing
application that is configured to run the learning trail application 122, wherein the
30 accessing application is configured to operate on the platform that is separate from
the server. In various embodiments, the accessing application is required to be
installed to access and run the learning trail application 122. The accessing
application may be further configured to perform authentication before running the
learning trail application.



30applications created by all authors. 4. Ease of content management. Authors can upload images
to the web server (300a, 300b), which can be saved into the respective file folder for the created learning
trail application. Authors can also input content, which will be saved in database. 17 5. Ease of
monitoring and notification. The web portal administritor will be notified by email about new account

requests and new legigg, talkapRlgatonshihosanyllalad e QouIe ARy ARABLgMATHILN

activation and a duration in which their created learning trail application will be hosted on the web server
(300a, 53008§nether gthee haing tRiskD PR MR mAFadRRHE M AP ShARR g "ANNSUtRBIEAR fidtish and
share his leatppiig4tiaih a@@diaatiaheaoohismontieet iwitdgotenaettioks tither for free or at a cost. The

followi d ni j licagi 0 Lo fi tep, th
lloving proce S R BSRLI € Se HESONSITARRI OB heqmhe 1D, e

| e template data 31. _ iced Into the image archive field
310 (seé FigafosBprered RIS eReOMFRTeSOQ M) RaIRIAEDgEI rSpAIE RN ddeUra§ure 3C).
The 001 magRegoigces of interest, such as historic sites; heritage buildings or structures; and 15

monuments. Theseﬁamgle {mag%% re ysed to tra&n the |{nT e recog:{%tépnaalalocnttfi]m ung bry the image

recognition server ( oreexa}'r%gfé]:s ) o Pé'vc%g%rigg {Re ir?pu |mrz?1'g|n , R RAL prog'e%or 302

access whettigstaneisakien asateinbekedn iheoimpeXrrages3zenaeditherdamsle intadg@setiherauthor can
define an opggatifie eUratian Sl BhEERIPEdTAELRRAHIGAIAEIES YGRSy BRcRiBRE BSR40 running

time of the image recognition server 300b, as each learning trail application 328 requires a certain amount

of men8ry e RHEH FaUe5FhIRY tRliF-PPIRRRHCE % AEATRISPAR BRiAHPARY CYAIE Rirther data,
being the regeogiapot the s opatendatcadidrtishinbns Ubkedsab ecypsatoddiephoadinyoimétkts (see 308,

310, 342, 344, &r%@id’?ﬁf? |8Q%@F%ﬂ@@%§ﬁén§%ﬁ8t%@’ %Pfé‘ﬁﬁga%%‘iﬁep%%éée?‘”g 25 area by

defining the geographiC area see Figure 3D). Data defining Ic area 332 will be recorded

. eographic a
to the trail definition' IRF®I%8 8 PBPU WiRRX5188PBARR FRORERTS) %&%@Fﬁeﬂ%@%@%‘f‘i&@@s closed.

The author algarasseei@iesribessontgsplicativaspaneder tosleefof s abty efdfields (Areg) 328, 310, 342,
344, 346, 348 aﬂg[%%%S from Figures 38 to ?HES? An exam [?e feonient gssqciatign is showr, 30 in Figure

3C, whigh SR S lats B SiARg s AT TRy

LOR-Te b Inents. .
> the template providing fie . emplate data 14?see igure 3A) Which is to
be associatetPrlitatitaserievideniiRrReaie ocmMabiie|dseTd tnrthe @naseerddne daawmthtRgure 3C, the

fields 336 allgypmamiessitnae 4r9GLAOHIBHANAIH (aiRdeaasoarcivg field 310, providing of a link to an
nternet resource (S GV e BN Y RIS P L2 ERLZEL YBdBFnadaRnage image
to create a learning trail application 328 (represented by reference numerals 328a,
20 328b, 328c and 328d in Figure 3A, while Figure 3F shows that these reference
numerals are screen captures of the learning trail application 328) for a geographic
area 332.
The server (300a, 300b) includes a processor 302, which is configured in a
similar manner to the processor 102 of Figures 1 and 2.
25 Accordingly, the processor 302 is configured to provide a template. The
template is represented by screen captures 306B, 306C, 306D and 306E (see
Figures 3B to 3E respectively) of the graphic user interface (GUI) provided by the
template. The template has a plurality of fields (see 308, 310, 342, 344, 346, 348
and 338 from Figures 3B to 3E), each performing a specific function.
30 Figures 3B to 3E respectively show screen captures 306B, 306C, 306D and
306E of the graphic user interface (GUI) provided by the template. The GUI allows
for a user to enter data into the plurality of fields (see 308, 310, 342, 344, 346, 348
and 338 from Figures 3B to 3E) and enables ease of use in uploading content that is
used to create the learning trail application 328. The plurality of fields (see 308,



18 field 310 and the loading of a video providing more information on the images in the image archive
field 310. In a second step, the processor 302 will automatically select the distinctive and
representative sample images, remove the noisy and non-informative images, perform 5 feature
extraction and optimization and generate the data mdelels for the sample images representing each

0O1s. Moreglefail f a3l 0054 FRRSEIRGHINS Slirioaiys ABE T RRIRSREIALVR SABRIG dpages is

later described, with reference to Figures 4B to 4E. In a third step, once the learning trail application
is generated%?d?‘prﬁﬁyrﬁéﬁféﬁ‘f@l}' PYIRIERHG ahNSplasHiItR eIt I8 G2 PEeE R iR Y fests can be
conducted, fH2 bgpsorggpiidishiog theeamisgitiat@ppitatonicklBrosisaconfitpaddest weges to the
server (300 00h).19 t p a el . iti it the learning
trail applicafl}c'ﬁfqg%%’. %ﬂé&ﬁﬁ%&%aﬁ%%%ﬁﬁnﬁ%& aotgg%%@%gggggi%ﬁc%ﬁgﬁ%%dg%sgﬁg can also

be condicte®BY &sptiREEiAhEN ofieHRpUBE RS TAB Aisst canvhebkiNremriahesearning trail

ahpp:ication %&&%{@wrr&;m&%m@bﬁa%]@gmmégéaﬁfﬂf gétﬂgo‘aﬁéaimgtmeg@@gh Msm?peﬁer tejting,
the learning frail application can be is or made avajlable sting on the server (300a an
00ty G AR b o e e DR AR o e AL g
application. Bppheatinthdddnéniterdielss 1 the tfeneleteihtiatairmyvidgbdigiic3tidiran 20ditafjet@ through an

accessing applicagonRVhichiR FANBIYRALS aecassiheiiaraiy tibaRRisat YR Bersesyer (300a
and 300b). The accessm(fﬁtg)llcatlon acts as a holder of created learning trails and can be used to

run any Yeartity RLiFE FPHLE h&SaBtRERRELy SR M doe 19 EL SRR KEFIRELISRINSS R used to
obtain data (@piggsd @RH¢@xatiniide Xf 2beClaampiss Hail uoelatiomE2s;datafiitetd (B4R:iarsasors of a

mobile phonguﬁgﬁ%ﬁ% t&égféqﬁév%rﬁﬁ%éar‘?ﬁdaéggpgt%?pgfgeive data from the server (300a and

300b), as well as display contents of the ing trail application 328. The accessing application may use
a private communica8HANHetéR JT B Ed Mith Uit SRMPIH NS B¢ dEeR86r FDDIHIRBE IO (306 a%and 300b).

In one embogigpent.sguelitacaaskion epmiatiarterpisramit of thaosysieanR) gsed3aausdipe learning

trail applicatigns, so.that t cessing applicationhecomes an ication that.is specifically designed to
orocesline TAE ST e L e ) 6 A B R owing
advantages.328anHnveygeditoFoetioer \einbodimenildhtiene opetanays§saunscsuch dsahppeTm's "i0S"

and Google'soARrinlrpid piMislies et siMdsdeus Bbane BIMaBlaskBeny ank NpldassSyrahian etc. .
Further_, aftel':ia Iear%rgg tr%%gtﬁé)h(éﬁth[n IS cre Ed, it can bei |mmeg|atel3\/RFubltlsfi1ed to be .acFessed by the
accessingappfeAtidr PUbHcAON oS fé%?rﬁiﬁg Wi 55NN ARIIBIBS RSO AR PIoCELs:
segment of the geographic area 332. As the template already uses embedded
20 coding to achieve the specific function of each the plurality of fields, creation of the
learning trail application 328 does not require an author to have computer
programming knowledge or an understanding of how a computer processes images.
The template may be accessed through a web portal to create the learning trail
application 328, so that the template is accessible by a web browser application.
25 The processor 302 is configured to receive template data 314 for placement
as the content of one or more of the plurality of fields (see 308, 310, 342, 344, 346,
348 and 338 from Figures 3B to 3E).
The processor 302 is configured to receive instructions 318 for determining
the placement of the template data 314 into one or more of the plurality of fields (see
30 308, 310, 342, 344, 346, 348 and 338 from Figures 3B to 3E).
The processor 302 is configured to generate the learning trail application 328
from the template with the received template data 314. During execution of the
learning trail application 328, the learning trail application 328 is configured to
receive at least one input image 326. The input image 326 may be transmitted



5 1. Once the learning trail application creation is completed, a trail definition file will be stored in
database 362. All information regarding to the learning trail application are defined in the file. The trall
definition file defines the 001s, the geo-fencing areas and associated contents for the learning trail
application. The content will be activated when a uset®snaps images of these 00Is or enters 10these

geo-fencing araas: 21 AMIRGTLEIRIeATIG gl AnBlisaHiBBIRABAERHZ adietuef Hegsgames who

can run the learning trail application. 3. A user installs the accessing application into his mobile phone
before he wisAS 7 WEP e t/AICASHHERRIMEAE I REGRGSP iRt IENEhRPRIKMIEH to 15 be

instqlleo! once. déteradaiite ytwehaser mmeﬂb‘fem&l_eeﬂng ﬁﬁpihta@pm'@eﬁim midgﬁbe;s_amet acpes_sing
application. 4Jhe yser siads e AscsranaApPlicaton I N Mele PRANS:IINE AogRRsing application

may be configured to pe ntication, wher e user enters his user name and password to

login. OBce RAHBINGNatoARRIAIONI IRB20senetatase eeradr e3tanRlAbYR) fsefefRiCA8BRE 5. The
server (300anansbaN9kaoei| chesk sdrchileatmsg)raibrprlisasionstiedReiie wadsmauihgrized to run
and sends the rI{Pt o; t(?atiglsﬂ%ac‘( t%he roﬁileﬁpoqe.n% g? user sr%l.er}]cts nﬁ{),ff the Ietahnin)g rail
applications FEMANE Nty The TEP'A gt e'scﬁllsopre Srence c()afruéir?g\'\én(?lng BALENTS 67 Gifine
contents. In betwrknetheotiy wf iDpryascicantthésastoient iBIhdstroemago armhiv 8 GG, Bifce the

content is agtypighaf BidRAMMRIARMSHd M bR MORLE PR MBMENg-88 el RAQR aRM JfP) and

displayed. An Internet connection is re%taured to download the content. In an offline mode of oi?eration,

content §s steFRMABLHEHI S50 AL SEhe the KBABSHBISTLE iRkl St mahiRIMEShe Wit get the
content fromassuuiatdh demsttm datéo 888 ptay. G amnanti thedaio rogisprajointlaenisieitdgpbboegasvhether to

use online cag %@iﬂf{ﬂg%g@gﬁ%m@ lﬁgrfgeé%gtﬁ?’tﬁgrémg trail application to run. If offline

content is selected, the server (300a and 300b) will send all'the contents to the mobile phone together
with the trail definitibhEiRYSEINT73GheQvides @ovRPaPRIBOHPSERES the tRMRIRMIfoH ffiH e selected
learning trailleapliagtivailanggieatonteasof e tearoiegtteidappicatienieoffdtreac prtanids selected. 8.
The mopile phone stor%s the trail definition file and the content of the learning Strail ap\BHcat%)y if offline

content Ts selected. 9. The dser Can start 16 fun this ?@armr?g frail gBBIi(\:Na?%n. WSEL ere
authentication may be performed before access to the template is allowed.
Using a web portal to access the template to create the learning trail
application has the following advantages:
1. No application installation is required, in that it is sufficient to use a
20 default web browser already present in a client computer 301
2. Access to the template, via the web portal, is independent of the
operating system (OS) of the client computer 301.
3. Ease of access control, account management and access rights. Only
authorised users can access the created trail applications by entering their
25 username and password. For new sign-ups, their accounts will remain pending until
approved or rejected by the web portal administrator, who can review the user
account details. It is also possible to restrict access such that authors (i.e. the
creators of learning trail applications according to various embodiments) can view
only their own created applications, while the web portal administrator can view trail
30 applications created by all authors.
4. Ease of content management. Authors can upload images to the web
server (300a, 300b), which can be saved into the respective file folder for the
created learning trail application. Authors can also input content, which will be

saved in database.



Turning to Figure 3F, screen capture 328a shows the initiation screen displayed when the accessing
application is started. It will be appreciated that in Figure 3F, the accessing application is configured to
operate on a platform that is separate from the 10 server (300a and 300b). Screen capture 374 shows
the accessing application performing authentication Béfore access to the learning trail applications is

granted. The User'ssqeta”%éééc?}fa}%&wﬂé@%f&'f‘rﬁﬂﬁ@aﬁé‘ﬁs""f‘i’{é’ wéBBIRY BaHRALESIBHwAFreen

capture 328b shows a brief overview of the Tearning trail application which the learning trail application
328 seeks tCRARIIRE DY TALAPMHE ML LEGRHILIR BERTE I St deaentaoniritarplicAiaBor 344 or
342 (see Figauensly) whienltloebeanoiifiptt atlyappimiatiho328cvesrireatrditiScraad capiueidada shows a
picture taken idi ithin : i 0 i learning. trai icati 8 was
esigned. e T e e 0 e pucing.
Screen 2aptdROB28d shows the retrieved information about the building. 20Figures 3F and 3A thus show
that in various embgdimentsathmde aalingpisad-Aiepli eadioayeay meamstandgbleAnta@mdattam that is
separate from the server and execuytable on the separate platform. Such separate platforms include
ot phonBUO L Ag SRTEn e o it K oRE Bl 2RO S A S B Ecreer
captures 32&ithgp 8y, B8 oraaida328d. show various execution stages of 25 the learning trail application

328 operating on afhgheiedilNy BFEESILFRRHALE b2 8RN RYVE IR StIRARFTG Sral b BSHERNING trail

application is started. The accessing application may make use of data generated by hardware already
presen ithitefhie iPhoneTM to activate content of the learning trail application. For instance, using the
iPhoneTM to take drpicfirst siap,datadEfoseplidadhedRPiptnaTddes) Hepaadmighexprapiett databove. Other

examples in w,etse&@rgﬁle/gdqmqng%%é%%ﬂ&ﬁ\%w@iads%f PRfu8 38)38P AN Rject Of

hardware/software (?é bolised bg‘éefere e numeral 305), such asan elecCtronic compass within the

iPhoneTM d&t&¢RRly QaVjup| GREHARUEiRESRAréSholSen 'ﬂ@é‘é?e?&%eté_rhﬁmdﬁ%iﬁbam%he
iPhoneTM ispheisg mpvedresta SIRE 23 ansticriicndadicatingghasineitearminostradtapglication is being
execuipgl in {6 AE0AAPNIC A8, 332 0110 8 SRAEIICSEOTEnt Gh e, AequIanfE AreA Ity on HOUre 4A
shows a process 400 '(Rat occurs in er aﬁng a fearning tralfaapp(ﬁcatlon according to varrous embodiments

(for instanceaigeNiéAmiRpeE &Y theppreRicPragsitnat I8 FROWArS R aRie AN IR eespaigadEigure 3).

Steps 402, 4A6uAARadas. 6. AL9n478 ansl JRR aIEoRClionSBREstalRAHY theautbox ohdienlearning trai
application, while steps 404, 414, 416, %1%{34 0,422 anq 424 are ac 'ﬁr%s undertaken at the server which
ppti

isusedtog é%‘?@%@%’gﬁﬂhwﬁaﬂ% .”?Fvﬁﬂrﬂg eolﬂ'ﬂ%%ﬁted aﬁ“fﬂqﬁ{ec&gn?&{’& Prious
embodimentspéuatid0 exaatiple thdbe dewoiig: drail Rigpireadidrafadsigdniett seave® tesyptieszelaed using

steps fQHOWiﬂﬂwﬁﬁg"%ﬁﬁé‘@PQwQW@%%@ﬁﬁ%ﬂ%ﬂ%r’@f@&%ﬁ'é!d&‘??é’hmﬁ{%}hﬁaﬂré’&ﬁ?éamwws the

sequential order in"'which the steps are described. In step 402, an author Togs_into a web portal that

provides acc%d [BHLER &rIHIPREPHICRIRC TR AR b e dfs it JailriPrlicalitfiis
embodiment3281 s nistem 404, Tagthenbicatiiso napiohespiribenedthefosan gh ehauidranisdel ovfatido access

A L TR T TR o e T ol o
each 001 in e gdthradfic@and 338 from Figures 3B to 3E), such as to edit the geo-fencing
25 area by defining the geographic area 332 (see Figure 3D). Data defining the
geographic area 332 will be recorded to the trail definition file once a pop up window
332b (see Figure 3D) for content association is closed. The author also associates
the content between one or more of the plurality of fields (see 308, 310, 342, 344,
346, 348 and 338 from Figures 3B to 3E). An example of content association is shown
30 in Figure 3C, which shows the template providing fields 336 for the template data 314
(see Figure 3A) which is to be associated with the content in the image archive field 310.
In the embodiment shown in Figure 3C, the fields 336 allow names to be tagged to the
content in the image archive field 310, providing of a link to an Internet resource (such

as a website) which may provide more information on the images in the image archive



20 for which the learning trail application is designed. In steps 410 and 412, each 001 is provided with a
name and content, geographical areas for content activation are defined and multimedia content
associated to each 001 and the geographic area. In step 414, the server uses an algorithm to select
distinctive and representative images and removes ndisy and non-informative images from the 25
uploaded imagassabsien H08:dmal WA VREs seSRARG o RASRTLITBACTS A SipRdAe i
preferably are images of each 001 from different viewpoints, for the algorithm to better recognise the
query imageBagRFEYS e RN nt viewpoints of an 001 and thereby identify the 001. The algorithm
checks whether theuplcadeatdistagetharproepsese Bivalvetinnmeeilyvee 8Ol e didistttiotvanamong other

001 30 Fiayige.48 194E shaud -carts.[ar s AlaaqtmHsed i iep:A14 oL At oaig selection of

distinctive and8 representative amF)P{e iImages. %ere aregg processes |nﬁﬁ1 algorit ~Inthe first
process® shd@AUre FEgiRetiaR ks opEimizabesciiosh yeMnahelp Erofriadnposis fu 30erspBRN IBRMIRRe images. If

the number e ke¥dfiniSdsceEsoanmotierasholdf 22 vijuatAmt it el ikoagR igisangidetedito be a

plain or blur jmage without much texture. Themage il be sempvedn step 438. i piep.434, i the
number of ke))opomps IS IargerQ AN A4 VaRTE , the samplé inage 14" (GRSIdePedto have a lot of

clutter (such as treds artyirgssiemndice imrdeawmiinalsaibepelivatien im geepraol (Wkikkp "By 3®, the sample
image is keplas R eREGHRINE BB U BuRaS J80aReEE T BiRRSEihaR e Beshgidudbide n. but less

than the threshold value N. second process, shown In Figure 4C, an image will compared with

\ In the _
other itthgeSYPIAPLRIFEB 1R G193 al ARPiRAlIRageLarEs SalAPIPad &B%tv@ng%?e%ma value t (as
determined isestep(38d3, ark300th)etonex) elsend b i remoy etlthe Steapy 204469 nitistegdgbtBhnheded images

are determi Fﬁ’eb?eé‘mﬁ”?:gf}ﬁ‘ B{ﬁﬁiﬁ‘é'}%%s 358l keRlyatcn INhe diyy doé%%)%ﬁn%&o% {8stigye 4D, each

image of an 001 is compared with all the images of other 00Is in ste oth Images are similar, i.e.
above a thre$§58RMNIRUCTCHRYetelRfNEalNIsES £539, RReCrAdyeisd the SRREFTO1MAIBR Rehfbved in step

454. In step dhfipther tawrdBRgerharaatatersanechisckentistiretive IIbinaggsrandalspitation dpghe fourth
process, shor\éu[n in Figure 4E thetréH{Ql?oerré)lf irlnagé—:*s? f each .00]t v(\%/ikleb{a cotunte In step 462,
I.

: urns the correct can S e ndin ictare. lnrstte irﬁ‘r5 he ~.
if there are none or not enougﬁ Images of arPya@f & above A threshdld value Ma) e avthor will be

alerted in stépRaBRg WaitiRERIEROOreaGRel pseEshRILIAS BrRderrypdafbe &y ihested willthe apspeiyed until
the author 20seuHiemg 306i)removal. Returning to Figure 4A, if the algorithm detects non-distinctive or

tative i . th il inf th in step 416 that the i t valid.
images which are HBtFQBHEeHERVE MR SRS e TR OV R S 1 OBRESBAC GHIRG server. The

use of this alcgtigmplichtisrallbwenauthtiediaiithocstdeniovitedgenier aieh maeingdiai tghinaliogy, to provide
L%?gﬁ%ﬁgfg (R B HREAJpvathnadeasaingdrpliapBlicaiinth Rinerige-alogribrawitheiestimaggs that are
applications via the server (300a and 300b).
The accessing application acts as a holder of created learning trails and can
be used to run any learning trails created by the authoring system 300. The
accessing application may be used to obtain data (images, GPS coordinates,
25 compass and accelerometer data) from built-in sensors of a mobile phone, send
data to the server (300a and 300b) and receive data from the server (300a and
300b), as well as display contents of the learning trail application 328. The
accessing application may use a private communication protocol to communicate
with the processor 302 in the server (300a and 300b). In one embodiment, the
30 accessing application forms part of the system 300 used to run the learning trail
applications, so that the accessing application becomes an application that is
specifically designed to process the content of the learning trail applications
The accessing application provides the following advantages. It can be coded to
run on various mobile phone operating systems, such as Apple™’s “iOS” and Google’s



In step 418, the distinctive and representative images, along with the geographical areas and content
links from steps 410 and 412, are saved. 30 In step 419, the author finalises the learning trail, signaling
to the server to generate the learning trail application according to steps 420, 422 and 424, described in
further detail as follows. In steps 420 to 424, dat®®models for each 001 are generated. In step 420,

features are axjiagted (i db SIFHAGHYR HHFEPIERPEIRINGBRAYCS INSRISPyMALE: Hiese extracted

features being used for image recognition purposes (i.e. to determine whether a match exists between
input imaged HESUHIBLARFENRS i RoptFRIRAIh HEaiet d5antasdmmestiving ivBYenrtieRfg, it is
difficult to dedecarsedviyatizencessngamalpatisrsimilar enough to a database image. A set of parameters

5 is nomaly regifd iR AT ASIER PR aBNieY S aResRpie accuracy. The

optimal values for these parameters may depe 1e Image content. "0 more algorithms will
automafically URBERESE (RREMNGEFRIGPRESRIP L GFRATIARGR FEEYYRIREN PERBASHALI O BaH 001. The

algorithm may vweykstsréel oW s dttpaskiessamplaimagemutpadeddaiy the srevesapapfittae images

from each 001 wil he tandomsiecied as 55t mages and e est alhe madgs i e ysed as training
images. The traimingimages will be Used to traif the Image recognition engine. The test images will be
used to query agemigcirgagedsoanshghseciatec cetenis ésethsaleaneng rathappicatienerdmay be one

or a few threshQld MaieRiiPRELGNAGE QNBR CPUSSE dmafRCRARBIAN §EQHESE rerndrioshiale) and

incorrect recognition (incorrect reco[]%nition rate) will be given after all the test images are used to query
the endfhe. The!PrSE2eOdSRHBEBIFRSth another set of parameters on another set of threshold values.
Another corr2ct Teeayrttimmofates dearmicg tredtapplicatitorcaatawtilbbeegavkist. df oséy oampananteter or one

threshold value é%ﬁqgngﬁg,@agwt%ﬂﬁ@%%ﬁted 20 based on all the test results as shown in Figure

4F. The images uploaded b?/ the trail authors are_caﬁ)tured from predefined 001s, which are therefore the
valid images®anf 81360188 [e Lo mceeretigcrpIsRHRE iMaddsseaBiftiBRAAFRFECIR fife\WBRl®r, a set of
invalid images isostoretichetnaiimagssdpplicronot Taptacedskhm dppiRtionlibeseyinvglittémages are
used tq test the image_recognitionengine. From the result 25the correct rejection rate can.be obtained, as
Shown A the arsSH IS0 STE. o e e LR reh R e PG OBl SIS s the
percent of valid Wiagdsetaoteecrashimerlieatittly. Equation = (no. of valid test images recognized

incorrectly) /4totraIQisal A apiImaEasiRg HEAUSSSRACOTNBIRAIM SRR THhous: ve 466

Measures the percent of valid images which are recognized incorrectly, Equation = (no. of valid test
images recogni?@(ﬁ’effﬁ%?l%c%y/ ggtaq%'.%’l”@gliﬁote% iﬁ%e@)ﬂﬂem'c tion, whereb;} the  user

enters his user name and password to login. Once done, the information will be
20 sent to the server (300a and 300b) for verification.

5. The server (300a and 300b) will check which learning trail applications the
mobile user is authorized to run and sends the list of trails back to the mobile
phone.

6. The user selects one of the learning trail applications from the list. The user

25 indicates his preference of using online contents or offline contents. In an online
mode of operation, content is stored in the server (300a and 300b). Once the
content is activated, it will be downloaded to the mobile phone from the server
(300a and 300b) and displayed. An Internet connection is required to download
the content. In an offline mode of operation, content is stored in the mobile

30 phone. Once the content is activated, the mobile phone will get the content from
mobile phone storage for display. There will be an option for the user to choose
whether to use online content or offline content when the user selects a learning
trail application to run. If offline content is selected, the server (300a and 300b)
will send all the contents to the mobile phone together with the trail definition file.



24 False Rejection Rate (FRR) Measures the percent of valid images which are incorrectly rejected.
Equation = (no. of valid test images rejected) / (total no. of valid test images) 5Correct Recognition Rate +
Incorrect Recognition Rate + False Rejection Rate = 100% Invalid Image: Test image which is not
captured from a predefined 001 and should not be re€bgnized by the system False Acceptance Rate

(FAR) 10Viegsurts e Asrpams by ibimesra e arcisaiEseiaseaedbekammgo- of nvalid

test images accepted) / (total no. of invalid test images) Correct rejection Rate (CJR), shown as curve 470
15Measures theé' BRI AT i geewRRIG Hie W@BWV@J&RBHC@&@%SH 'm%ﬂ)rﬂ?m\}%hd test

images correctlgatjeriad) / (total no. of invalid test images) False Acceptance Rate + Correct Rejection

Rate = 1003110 TNSAUIBAANE I8ddnsiizn e eischiespanianale. And epegipiagion 20rate

and m|n|m|ze the incorrect recognition rate. A simple way Is to maximize wn as curve 468, which is
defined &s trail application if offline content is selected.

9. The user can start to run this learning trail application.

Turning to Figure 3F, screen capture 328a shows the initiation screen displayed
when the accessing application is started. It will be appreciated that in Figure 3F, the
accessing application is configured to operate on a platform that is separate from the

10  server (300a and 300b). Screen capture 374 shows the accessing application
performing authentication before access to the learning trail applications is granted. The
user’s details, such as a name 374a and a password 374b may be requested. Screen
capture 328b shows a brief overview of the learning trail application which the learning
trail application 328 seeks to have the user follow, the brief overview being part of the

15  template data 346 or 344 or 342 (see Figure 3B) when the learning trail application 328
was created. Screen capture 328c shows a picture taken of a building within the
geographic area for which the learning trail application 328 was designed, the picture
being sent to the server (300a and 300b) to retrieve information about the building.
Screen capture 328d shows the retrieved information about the building.

20 Figures 3F and 3A thus show that in various embodiments, the learning trail
application may be downloadable into a platform that is separate from the server and
executable on the separate platform. Such separate platforms include mobile phones,
such as the iPhone™ from Apple™ or any phone using the “Android” OS.

Screen captures 328a, 328b, 328c and 328d show various execution stages of

25 the learning trail application 328 operating on an iPhone™. Screen capture 328a shows
the initiation screen when the learning trail application is started. The accessing
application may make use of data generated by hardware already present within the
iPhone™ to activate content of the learning trail application. For instance, using the
iPhone™ to take a picture has data 329 sent to the iPhone™, in the manner explained

30 above. Other examples include respective content 307 that is activated in response to
an operation of hardware/software (symbolised by reference numeral 305), such as: an
electronic compass within the iPhone™ detecting that a user is facing a specific
direction; an accelerometer indicating that the iPhone™ is being moved; or a GPS



E = (CRR x CJR) / (1 + IRR) In that case, a threshold can be selected. Returning to Figure 4A, in
step 424, the server finalises the trail creation and 25publishes the learning trail application into the web
portal. In step 426, the author can set restrictions so that only authorised users can have access to
the learning trail application. In step 428, image reco§hition performance of the learning trail application

can be eva'%ﬁﬁcéﬂoﬂ%&ﬁgtiﬁg‘ﬁﬁétc"f‘ﬁ‘er%aﬁfﬁﬁnlfarFQfP%;S@@é}%'i‘?é‘“B_Qi-n%OEQHéufé‘& bayg process

400 enables rapid and easy creation of interactive earnln? rails applications, with authors of the learning
trail applicat@FPIRRBIAES PR R/ AV BFSHIGRFAME LN BrgRROIERSIciR E8mpater image processing
technology. 25  Flggered? sbowgsa processss000bathatcocsuvbien ageasisiggaa lkeavmiig trail application,

sccorcing o s SaRMBRS (0rIFANCE AEJSANG V) TRIERIEY 328 hahingqup ond

described with'respect to Figure 3), to run the learning trail application in a platform such as a mobile

phone. EoluRPliratigh §38dhet 5 EaRBsactisRsaHreth Wi resperatsr Bawe MbbifigRfoAB2column 503

shows actionakeysby toe mobie phape aperabio try e i dridduae WSy sheve tigiosstirken at the
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tion according to various embadiments. step 502, the
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of the learning, Hipib apR!ICRTIRN ‘H@%ﬁ@lﬁr&%@i"t#&% IpAtRiNgdFREbRRITIEAANsCambsutasERE [y Clicking on
a "Finalize Traill" button in step 516. The Image Recognition engine will be initialized in ste&/?é& After

that, aldthoriZ8@™RBET567E FEST0RS TR ARANIAY & 22 a BRIRRTS IHIEHRSE2 Uilen a user

wants to runaelparimil’rt_g/\ﬂmjl ap[ﬁgmiurdjnmewserina_usirdmrtdbmamgqgﬁapplicmmdibmmbed qbov_e in
step 504. 11 gccesring poplcaiondllahec RIRIER R ORBEtiaTELSIRRA0S. I the connection is not

available, the accessing application will alert the user. After user inputs the user name and password in
step 508, the 20 infoFRRIGAZVAHBLEAT BAh iR R/&ER RRSIRETE O AdEPB GRS TcBIFRVEep 512. If

the user infogaatipndnssesdhe aulbamiagtivai thepseaenvdtcaamhihetraitinieraratboaditodine. user's
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In step 408, the author uploads images for each OOl in the geographic area

20 for which the learning trail application is designed. In steps 410 and 412, each OOl is
provided with a name and content, geographical areas for content activation are
defined and multimedia content associated to each OOl and the geographic area.

In step 414, the server uses an algorithm to select distinctive and
representative images and removes noisy and non-informative images from the

25 uploaded images of step 408. The algorithm processes the uploaded images of
step 408, which preferably are images of each OOI from different viewpoints, for the
algorithm to better recognise the query image captured from different viewpoints of
an OOl and thereby identify the OOI. The algorithm checks whether the uploaded
images are representative within their own OOI and distinctive among other OOI.

30 Figures 4B to 4E show flow charts for the algorithm, used in step 414, for
automatic selection of distinctive and representative sample images. There are 4
processes in the algorithm.

In the first process, shown in Figure 4B, key point detection will be performed in
step 430 for each sample images. If the number of key points is less than a threshold



In step 518, the user goes through the overview of the learning trail application, where the user may be
prompted, in step 522, to take a picture of an 30 001. The taken picture is sent, in step 524, by the
mobile phone and received, in step 526, by the server. The server processes, in step 528, the taken
picture to determine whether a match exists with arcRf/ed images. When a match exists, the server will

send, in steR, 30, Aniriex AHINGFQMERt HaAkigAST AR VIRIH S MALFNING Y Alivedi AR to the

mobile phone. The mobile phone receives, in step 26 532, the index and locates, in step 534, an address
where the ade¥tiged 85nBABR Wbl riﬁ”ﬂﬁé%d‘ﬂ)iﬁi%i‘)ﬁ% wHBrFIRR fdrnihBe- VoSl was
installed in spents28./dperrtzile preste thealuetlettessamplentalfe ecasttwiadad cavdeniofrom the
address or retri iat ver for viewing. j =10}V ser.
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phone contemithaidshresesidtesuwith shakssameanhettisspsagranbin.area. 10Figure 6 shows how the

display of a GUI, use to create a Iearnin% trail aﬂp'ycatiorheccordinéto Vﬂrious em odl[ e ts.f changes
from user interaction. %f?v(\a/%?gdogrsoec& on %Vé'E]:He", qu’i[ﬁ:", I\ﬁlys'qrﬁ1 ?a\%s%o'r,n%ar\(?ag\(':'rlpf) B@eoggle map)"
and/or "I\/Ierdm_lqgﬁvawf riwy sameséiXbiorstep tﬁfb?wekﬁ pagtdvevhiroadessesenhsr@igt, The @ovet_iisplay will
change at VaRup S5 IYEl astihfned HS8il9934N Bheler HHRUMAIZANA SO BFRJRASH RGN data in

stage 604. After log in, the GUI may show a screen asking whether a learning trail application is to be

G :
created it statfe BDEEP oS WE TRRAGSH IR RS BRAEUPHRS (FRIRSRLRLYR 'TIROSS,POrEeRE. At
stage 638, the GUllwiheipidpacssanisacitEQjutleat @ leach theagsef thédditisectrapaireg with application
parameters. qh%@gse il displ sqr th r1o i tgb;g]?el rning trail
application nﬁ?ni{é()see OS)&?ogbﬁé}ggsi{r%gge% seaey%ﬁlﬁ %%mt@%qg%ﬁrig ?jleag’Gli%p and m%%t a brief
description dPfReeldatalyfedrifity IRARrEMR dilof B 29810 heViRAIiAg RS P BhIOS iisBR 614), the

GUI will shovemersgan diap adews I251per5e) theuinbamagee aféshectélin(ses Blos)dlinikstivewebsites
that prqgide iim})r(reréaéio&k%ntthe images (see 616b), upload video or audio content (see 616c). Options are
provided for thediser 1o Tetiirn to a previous page (see 616d) or to include a new 001 (see 616€) or delete
the 001 that is preséntiyesfraiiin Eseeess6osNaAdn tHauwiedbwiiserunkelith vaass@treacagp®ation (see

628), the GUiWBk counted in step 458. In step 462, if there are none or not enough images of any
OOQI (i.e. above a threshold value M), the author will be alerted in step 462. On the web
portal GUI (see Figure 3A), the removed images will be displayed until the author

20  confirms their removal.

Returning to Figure 4A, if the algorithm detects non-distinctive or non-
representative images, the server will inform the user in step 416 that the images
are not valid. Images which are not representative and distinctive will be removed
from the database on the server. The use of this algorithm thus allows authors,

25 without knowledge in computer vision technology, to provide images that can be
used by the learning trail application, since the algorithm will reject images that are
not suitable.

In step 418, the distinctive and representative images, along with the
geographical areas and content links from steps 410 and 412, are saved.

30 In step 419, the author finalises the learning trail, signaling to the server to
generate the learning trail application according to steps 420, 422 and 424,
described in further detail as follows.

In steps 420 to 424, data models for each OOl are generated. In step 420,
features are extracted from the distinctive and representative images of the step



30 show a screen that allows more 001s to be included (see 615). Similarly, when a geographic area
needs to be defined (see 618), the GUI will show a screen that allows the user to enter geographic area
data by drawing circles or irregular shapes on a map (see 332a in Figure 3D). 27 The GUI also has
screen displays allowing for input when testing is to 8€ performed on a sample image (see 630a, 630b

and 632). A gigplaydslseiaddad e asBeiig R s nams(3eEARIoR PaIBJE24) HheR the testing

is done and test images for a user to upload (see 632). Once the above is done, the user can click ona 5
button to retAEHRITHERYP RGN (BELCB By SR PRIWEES: YIRS 48T AP HRp BYREH B m the
screen showdhgHé edastingsiis, dppigesiaan [Busielgdteddserdiddihgnil ssaidficuftittheeteamiag image

recognition ine (s ). . [ inkingthe vayi ce
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directly finkel§ uEpaINOBRutiEAE IOechnesh Rediatiypiedie pElRichatiieye @aeditgstagsitdnindirectly

linked (such 4BatitheyUsEidasptimat CRInsSEsEaRSHEP [ardhietdd engotBpYituseieeRdlisptays) The left

column in Table 1 kt)elo shows user operatijon on GU% while tﬁe right c%lumn in Tabl? 1 shows
conten §fn e . thes ers 4o

. e or._more or& ms_ will "au ’omaP aI ¥ 1 e Raram
background corrésponding server system actions. Learning trail application author actions Server

System Actiomaxirogie tieeléaagagacad aiiphicetidorsraatie foweacpda@l User authorization and
authentication, US@"I’F@EH@HQ{HﬂﬂHPfWoﬁg%s”mgeqﬁFm%éWE”i'ﬂﬂfé@éé‘@ﬂl'@aﬂ&é%gﬁﬁ to create

Iearning[; trail application Save images to hard disk; update Iea,rnm% trail application database Input 001

name; 19put K5 &Y f Sl lali € oMBAEHHAM RGN (WK ILRRNERPEY $5'8RI6RyRS elious page):
enter detailsifoagenextt@Qie deksteath8(inbipsateilleben gt sk ajpaintad dmdgéshaJaén patrangeographic
area images will be used to train the image recognition engine. The test images will be
used to query an image recognition engine with a set of preset parameters. The
parameters may be one or a few threshold values. A percentage of the correct
15  recognition (correct recognition rate) and incorrect recognition (incorrect recognition
rate) will be given after all the test images are used to query the engine. The
process is repeated with another set of parameters on another set of threshold
values. Another correct recognition rate and incorrect recognition rate will be given.
If only one parameter or one threshold value is required, a graph can be generated
20 based on all the test results as shown in Figure 4F. The images uploaded by the tralil
authors are captured from predefined OOls, which are therefore the valid images
and should be recognized correctly by the image recognition engine. In the server, a
set of invalid images is stored, being images that are not captured from the OOls.
These invalid images are used to test the image recognition engine. From the result
25 the correct rejection rate can be obtained, as shown in the graph of Figure 4F.
» Correct Recognition Rate (CRR), shown as curve 464
— Measures the percent of valid images which are recognized correctly.
— Equation = (no. of valid test images recognized incorrectly) / (total no.
of valid test images)
30 * Incorrect Recognition Rate (IRR), shown as curve 466
— Measures the percent of valid images which are recognized
incorrectly.
— Equation = (no. of valid test images recognized incorrectly) / (total no.
of valid test images)



Invoke Google mapTM API (application programming interface), save geographic area data Finalize the
learning trail application Perform image selection, feature extraction and selection, model training and
parameter tuning Create learning trail application definition files and publish the trail Authorise users
(Optional) Test image recognition algorithm by uploagfing a query image or perform the testing by
uploading a batgh qfélggwémpg}@@pm;gorresponding query programs and display results.
(Optional) Retrieve test results from the query images through input of username and date that the test
was conducted: selectolARSHESRRPLESI 5 V?é'gdrni}jgﬁf%‘.“ﬂgi%l%ﬂ?r@@&‘i@cﬁh relgoied: Figure 7
shows how the display-of &doakide phoe, afsetlitotesn inegesingjdoaddpplioatlamn.asicoatithgeta various
embodiments, changes fr(?m éagé interaction. 5 The mobile phone display will change at various stages,
such as when a user starts tﬁ accessing application in stage 702. At stage 704, the user sees the
accessifig applicati&®ergih Bﬁg@%ﬂ@ﬁagﬁl@gﬁtéﬁw ©elefiesI98itiser Ralfetah@lpasBriaeipsee 706).
After log in iRdene qb@2, the mobile phone may display a list of learning trails (see 723). The user may

716) il be JIB1A) TR b ey WA (Bl 0 MG ShORe <2155, kL piay win
change and tieé bgeeergniake bygivesestese 712) or return to the previous screen (see 726). If a picture is
taken and there,is a:g@éc@ga}g&g;mgqqigﬁggp/\pgntent associated with the archive image will be shown
(see 7%5(3))' — Measures the percent of invalid images which are incorrectly
accepted.
— Equation = (no. of invalid test images accepted) / (total no. of invalid
test images)
» Correct rejection Rate (CJR), shown as curve 470
15 — Measures the percent of invalid images which are correctly rejected.
— Equation = (no. of invalid test images correctly rejected) / (total no. of
invalid test images)
False Acceptance Rate + Correct Rejection Rate = 100%
The objective is to maximize the correct recognition rate and correct rejection
20 rate, and minimize the incorrect recognition rate. A simple way is to maximize E,
shown as curve 468, which is defined as
E = (CRRx CJR) /(1 + IRR)
In that case, a threshold can be selected.
Returning to Figure 4A, in step 424, the server finalises the trail creation and
25 publishes the learning trail application into the web portal.

In step 426, the author can set restrictions so that only authorised users can
have access to the learning trail application. In step 428, image recognition
performance of the learning trail application can be evaluated. In step 430, a user
can run the learning trail application.

30 Thus, the above process 400 enables rapid and easy creation of interactive
learning trails applications, with authors of the learning trail application not required
to have any programming skill or knowledge in computer image processing

technology.



15When the user moves to a predefined geographic area (see 714), the mobile phone may change its
display to show the content associated with this geographic area (see 720). The left column in
Table 2 below shows user actions on a mobile phone accessing a learning trail application, while the right
column in Table 2 shows 20background correspondif® mobile phone/server actions. User Actions Mobile

phone / Server Actipg, Sta5tdR,ACCERFRG APBIRAHNN URed 0 ARERSsdReGAN NGl apRiigation Mobile

phone check internet connection and prompts user if connection is not available Login via user name and
password MBBRAGHHBRe SSAAEIRERaNRIIQHE (REBRABaBIS R BisitarGetfifes/eRElManT@hnd
password Seipglicagios3be suhdsizedwaibigt Weswinitel phitneddpbie tphbigeirghayy teaitlistthzd

learning trail application in a platform such as a mobile phone. Column 501 in

5 Figure 5 denotes actions taken by an operator of the mobile phone, column 503

shows actions taken by the mobile phone operating system and column 505 shows

actions taken at the server which hosts a learning trail application according to
various embodiments.

In step 502, the user decides to start a learning trail and initiates in step 504

10  an accessing application in his mobile phone that can communicate with the server
that hosts the learning trail application.

After an author of the learning trail application creates the trail, the learning
trail application can be started by clicking on a “Finalize Trail” button in step 516.
The Image Recognition engine will be initialized in step 518. After that, authorized

15  mobile users can start to run the learning trail application in step 512. When a user
wants to run a learning trail application, the user must start the accessing application
described above in step 504. The accessing application will check the internet
connection in step 506. If the connection is not available, the accessing application
will alert the user. After user inputs the user name and password in step 508, the

20 information will be sent to the server in step 510 for user authentication in step 512.
If the user information passes the authentication, the server will send the trail
information to the user’s phone in step 514. The phone receives the information in
step 516. After that, the user will be able to view the trail description and start to run
the trail.

25 In step 516, the mobile phone receives configuration information defined in
the trail definition file for the learning trail application, and stores in step 520, the
configuration information of the selected learning trail application.

In step 518, the user goes through the overview of the learning trail
application, where the user may be prompted, in step 522, to take a picture of an

30 OOI. The taken picture is sent, in step 524, by the mobile phone and received, in
step 526, by the server. The server processes, in step 528, the taken picture to
determine whether a match exists with archived images. When a match exists, the
server will send, in step 530, an index of the content that is associated with the
matching archived image to the mobile phone. The mobile phone receives, in step



User selects a trail to run Mobile phone sends trail request to sever Server sends learning trail application
definition file to mobile phone for application configuration Server sends description of learning trail
application to mobile phone Client receives and displays learning trail application description Mobile client
turns on GPS tracking User view learning trail applicfion description Open camera Mobile phone

camera activpied Tl eicture Mobils OGS S 8RS RICHIS L SAINGI-IRl Mg aRpBSIRBDRIVer

recognizes the image and returns an index to client Mgbile phone looks up the content location using the
index and the'Rs&thiRghramaBpRRRRFiINTE e tNR dBAEBIRoka arRica i h st Al g dh &€ rage or
server and digulayTtestheophe phccsciey rewieosdeiistep 536, the associated content from the

address or retrieves the associated content from the server for viewing, in step 538,
5 by the user.

From the step 518, the user may enter, in step 540, a segment of the
geographic area for which the learning trail application is designed. When this
occurs, the server may send (not shown) to the mobile phone content that is
associated with that segment of the geographic area.

10 Figure 6 shows how the display of a GUI, used to create a learning trail
application according to various embodiments, changes from user interaction. Software
based on “Apache”, “PHP”, “Mysql database”, “JavaScript (Goggle map)” and/or
“Mercury mail” may be used to create the web portal which hosts the GUI.

The GUI display will change at various stages, such as when a user logs in at

15  stage 602 and enters registration data in stage 604. After log in, the GUI may show a
screen asking whether a learning trail application is to be created at stage 606 or
whether the user would like to view the trials that are already created.

At stage 638, the GUI will display a screen (see 628) that allows the user to edit
the learning trail application parameters.

20 From stage 606, the GUI will display a screen that allows a user to input the
learning trail application name (see 608), to upload images (see 614), input content
links (see 612) and input a brief description of the created learning trail application (see
610).

When images are uploaded (see 614), the GUI will show a screen that allows

25  users to input the name of the OOI (see 616a), links to websites that provide information
on the images (see 616b), upload video or audio content (see 616¢). Options are
provided for the user to return to a previous page (see 616d) or to include a new OOI
(see 616¢) or delete the OOl that is presently shown (see 616f).

When the user wishes to edit a learning trail application (see 628), the GUI will

30 show a screen that allows more OOIls to be included (see 615). Similarly, when a
geographic area needs to be defined (see 618), the GUI will show a screen that allows
the user to enter geographic area data by drawing circles or irregular shapes on a map
(see 332a in Figure 3D).



Mobile phone displays contents Move within geographic area Mobile phone compares GPS coordinates
with predefined geographic areas on the learning trail application definition file. Mobile phone looks up the
content location Mobile phone gets the contents from phone storage or server and display to the phone
screen Cancel action; confirming selection; going baék to previous action Mobile phone performs
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one embodiry) &ﬁﬁ are used as descrlpr qher eta can Found'if the dofument
"SURF: Sp N‘"‘d Up Rebust Fea*u*cs Computer) is.un and-Hmage

Input for OOI: name; description; content Save images to hard disk; update learning trail

links; sample images to create learning trail application database

application

Input OOI name; input content links; upload Update learning trail application database

content; back to trail (which returns the GUI
to display a previous page); enter details for
a next OOI; delete an OOI

Input a geographic area Invoke Google map™ API (application

programming interface), save geographic area
data

Finalize the learning trail application Perform image selection, feature extraction and
selection, model training and parameter tuning

Create learning trail application definition files
and publish the trail

Authorise users

(Optional) Test image recognition algorithm Execute corresponding query programs and
by uploading a query image or perform the display results.
testing by uploading a batch of query images;

(Optional) Retrieve test results from the Locate the field test folder. Read log file. Display
query images through input of username and | results.
date that the test was conducted; select




30 Understanding (CVIU), Vol. 110, No. 3, pp. 346--359,2008 by Herbert Bay, Andreas Ess, Tinne
Tuytelaars, Luc Van Goo/,the entirety of which is incorporated by reference. Another embodiment uses
SIFT features. Further detail can be found in the document, "Object recognition from local scale-invariant
features", Proceedings of the International Conferené8 on Computer Vision 2 pp. 1150-1157 by Lowe, 31
David G. ( 999 the en re ;w |t%2 IS éﬂﬁs 8rated by reference. The dimension of SIFT featyre is 128,
which is t Zﬁﬁ@ 9?5&&% ?ggae@ L|[ thlfﬁ) S preterred to use SURF features due its smaller
dimension sgébgpé&gmmggarmme or image matd hlng is shorter. A feature selection tool is uged to
select discfmmative features 5andremove redundant features—This s tomake suredistinctive]l and
compact fdati@eioart Adbaiate fepretseihe éaehn0l, wkﬁeﬁqr\mlqmﬁﬁevedth@umb@mldﬁt@:@@am And
shorten copn héﬂ@fﬁﬂ?fe delete failseal} 86MinE Hie il EMRRTIs performed. A kd-tree (see the document,
"Multidimehsl ﬂ)lnarv search trees used for assaciative searching” 10 Communications of the ACM,
18(9):509- Sf?bEVS by J. L. Bentley, the entirety of which is mcorporated by reference) is built from all of
the descriptors of the image archive of the learning trail application. Using this kd-tree, the approximate
nearest neighbors ¢igheedesbrpioof the diselny infageivbtiecpincage wethite rareddeantinthathatching
score of an aarﬁawa%Hna&eommg?o%eumﬁs&é.m@ﬁ@%ﬁﬁa@gﬁa%@&tvﬁﬁeﬁa&%query image and the

archived image. The reco%rvuze image will be the image in the database that has the largest matching
score, tRe matching 88dR @nﬂ‘%ﬂ@éﬁﬂ@% WilerhananRiskaigus stagfdr SRS MBENHYSHiere will be
some key-paitarigaliis bectmmngthepqmynnmagewzbme;ﬁr@ﬂa@/edamagemw%mlesaﬂeemosegrngar to the

query. HO‘Ne 'z,f!ab%%% ﬁh%) oLakalse, ‘ﬁ ﬁ?‘&ﬁ%ﬁn Hiey '%}aﬁ%*ﬂr% 8&‘5‘8 5‘?&% by

selecting on set o t y point palr are geometrically consistent, Wh s undertaken by

performing gé¥hefiéevdfdafidh aereey 868, teemriimenrng m@ﬁé’ﬂﬁiy%éiﬁtlfé lﬁ»‘éé’é’ﬂ@éfﬁ&% a
lgeometricbcqgéér ?}i’lzﬁs)n'thé i&@ﬁ&'r@yo%lé@teﬁr@f T&tetﬁeﬂt@éiﬂﬁh@?&?ung RQ&S 8 Qﬁi’i@l ig terfénd the
argest subset, which satisfies that constraint..25Figure 9 a a em ing query. An input
imageb 2 |58§ el ﬁon ﬁh?e arn eraa'lrc 1'0 tf%%%seegﬂ% Afe's oval'r‘?rgn ghe %h%djdetgs 906
represent eﬁt@ﬁﬁeme@amerk@ﬁbmmowmwhm 968 ahd) othe wm@emlh@ammmnaﬂe features.

The bolder lings 40 75 aBRMSHIC spBRTRR: Rl BRolblle Wdainasdines)O0p aisdifeotiers.

30Two pOSSIb|e methods supported by a Iearnln% trail application, according to various embodiments are

homographitPRANEREBAN FIRASRIRH R B )Caﬁtfﬂ*saEEBH'GB%QYH dAGIA A HLBESRNCce), where
each uses dmmsg«mmeemn 8pnstraints. 32 For homographic RANSAC, the geometrical

constrgiat is descripgeas fallows- E&xéé?b"ﬁ%éﬂéﬁﬁeﬂ”&é%d@ﬁﬂ% CRODEODIRAINSAIRY ARRIYING a

homographic transformation on the archived images. Homographic RANSAC is used to select the largest
number of k@?%’tﬁrﬁ‘@éﬁ’gavﬂﬁdﬁ Sierlphtiasseamiig cpntent assomated with this geographic area

(see 720).
The left column in Table 2 below shows user actions on a mobile phone

accessing a learning trail application, while the right column in Table 2 shows
20  background corresponding mobile phone/server actions.

User Actions Mobile phone / Server Actions

Start the accessing application used | Mobile phone check internet connection and prompts

to access the learning trail user if connection is not available
application
Login via user name and password Mobile phone sends user name and password to server

Server verifies user name and password
Server sends the authorized trail list to mobile phone
Mobile phone show trail list




5homographic transformation.

RANSAC is a robust probabilistic method for estimating model

parameters, which can be used for any kind of model. In various embodiments, the model is Homographic
transformation between images, where the goal is to find the parameters of the homography matrix. At
least 4 matching keypoint pairs are 10needed for estffhating the homography matrix. A RANSAC

algorithm g
estimation

ambeoutimedas fottows—1—Chos
pof the homography matrix. 2. Con
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e 4 matching key-point pairs randomty for parameter
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until a satis
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nliers) whose error is small. 4. Repeat the above three steps

féjéf’drﬁ%%ﬁﬁﬁ@%%w , 1.e. the mq ogggyﬁ%gﬂOB?os\?l?geséﬁﬁléggggstfﬁﬁ %%f szoé{ig%liters is ghosen
hple, the OpenCV implementatior| | 'F¢ ! {5'0e" L
nic RANSAC, the assumption is tmarP%k?% r%%ﬁ%ﬁag%%%gn (r:gBFgﬂgf ?r%gﬁsfo_rmation frorm the other
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image coo
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Dgeisiagenand the archived imags
dinates of keypoints

consistent if their keypoints geometric order is the
. The geometric order on an image is determined |

bame in
y the

Open camera

Mobile phone camera activated

Take picture

Mobile phone sends picture to server for image
recognition

Server recognizes the image and returns an index to
client

Mobile phone looks up the content location using the
index and the learning trail application info file.

Mobile phone gets the contents from phone storage or
server and display to the phone screen

View contents

Mobile phone displays contents

Move within geographic area

Mobile phone compares GPS coordinates with pre-
defined geographic areas on the learning trail application
definition file.

Mobile phone looks up the content location

Mobile phone gets the contents from phone storage or
server and display to the phone screen

Cancel action; confirming selection;
going back to previous action

Mobile phone performs corresponding actions

Table 2



33 relative to a selected reference axis. The [IS is method is capable of finding the largest subset of
matching key-point pairs which are geometrically consistent. In [IS, a subsequence of a given
sequence is found, in which the subsequence elements are in sorted order, lowest to highest, and in
which the 5 subsequence is as long as possible. Th#9subsequence is not necessarily contiguous, or

unique. The 'Ongesﬁi@&r@a&?i%ﬂ&H@%@H?“&&Hr%%'eéﬂ IS RRIMANE BT HRJOL NaHIREE fifienotes the

length of the input sequence. Further details can be found in Fredman,M.: On computing the length of
longest incrédSiERgHsRRRATEEY (s AU BTERRSES!S: (YOTRIF 218 s2GR HUTe IB0ASERLIRS an
illustration otidterimipte m¢rikisonofrantalgaiism, basedeon iagongesigesraasing sldasaimgeneel method,

tration o . etelasie, besedson ajonge ( d.
o Figure 340 B A Ay e e AL 004 (which can leo be the

input image 326 of IiyBFOBA PERPAMERLRIR KBYRITIED FifEY E0(3deattte ITheseHRRIFOBES Biithe learning

trail applicatipie. ¢66rginareliteyalighatitshisiBugirajesiéar enluanmagiveginreey bl dafibgsprocessor
computes the geo .etric;[ validatior}]for alll%rt%hived images in sirmlat%manner. (IP Fi%%ure f’LOA, the
gray squarese 05" dEH ot STRAE rfﬁg aeklﬁdf?]rt]-dgir Ctveen thvé'inpuﬁrﬁrgagﬁ(ﬁ% TN dfchived or
stored imagéebdl@sSdudrsaiury, 10T s ctsoarkeigpeinbedimesitsilaray redepicrasagamiing

keypoint-paifis g4 IRAICRIFAHHEE G SR EcTRIsIC e Dumasal (LQRM IRA08RIshiRtie paieiel simplicity,

lines connecting these reference numerals (1080 to 1085) ta their respective squares do not span across

the inpll} im&YE 2804 3 ELHIB S 1drBUTHAGR 2. 26 ANHMAIM 8T A R fortherEREABE Y A EEFCLBRR and 1002.
25First, the kagpqrigides sogectaeziudag Hothaenmagmitoondingies ohttie imags (@6 iasttze input

image 100441 segenos fanoted,L00R 1% Eealkde B RIURS Rl IB6SERIERFR EIRSRR ATRJhe keypoint

indices in the order on'the input image 1004. Then the key@nts are sorted according to their image
coordinates BiaAESS MR 08NS XA AN SHIHAAY dMBAD (R HsrRE[PIINGHRR! 4R 17UBF 6f the 30

keypoints alangibbes Akéscilyr intdhsitgrahtyeekipageriade. die, valueaaighs sequenaeréQd2 are the

values from fie seauEnes-HO0RAR e PRy imads, Ihe same indices O &ndidised Gtelers o
keypoint-pair o§8, llndicemf'ore ers to ké omlr}’-palr 1’0%%"’}.|hd|cege refers 10 keypmr?t-pair 1885, indice
"3" refers to K&ypAINMeR-108ECRIGHS "10 rédsil®) REVRIHTPAIS 1003, ierfice " apfdnslisiesa

keypoint-paigdgHptindisn fidiess drdkapeininaiistAR ARMhinGica iR mdodeadpiss-Bair 1080)
corresponds to the members o] each keypoint-pair in the se ugncles 1005 and 1012 res%?ctgvely. The
longest incréggfﬁa’sﬁ%é}i@jeﬁ%g%rfﬂﬁea eaﬂ% '%)i' HeHHEd in bR R E02Y '8]98 é'Mfidices of the

keypoints thaeaesipSowamyda(if4h@icd €8 piispgneiore VERZY, thi inditessaesnDo@jBedist analde). The
keypoiggpaif, ¥RNRRETIESS ¥R MG RefSali e dP e L ANTE BNBS HRSGEVERHHS deqtletrically
consistent matches. The rest are outliers. _ _ _
may be one where the region of interest is the whole image. A local feature is one
where the region of interest is a small part of the whole image. In various
embodiments, local features may be used.
In step 802, feature extraction is performed. Local scale invariant feature is
25 used for feature extraction on the input images. The input images are represented
as a collection of key features. Every feature comprises a high dimensional
descriptor and a keypoint (the local image coordinates of the feature). In one
embodiment, SURF features are used as descriptors. Further detail can be found in
the document "SURF: Speeded Up Robust Features", Computer Vision and Image
30 Understanding (CVIU), Vol. 110, No. 3, pp. 346--359, 2008 by Herbert Bay, Andreas
Ess, Tinne Tuytelaars, Luc Van Goolthe entirety of which is incorporated by
reference. Another embodiment uses SIFT features. Further detail can be found in
the document, "Object recognition from local scale-invariant features"”, Proceedings
of the International Conference on Computer Vision 2 pp. 1150-1157 by Lowe,



The input image 1004 is considered to match the stored image 1010 when the number of consistent
matches is greater than a certain threshold. 10Thus, from the above, an algorithm (such as the longest
increasing subsequence method) configures a processor to select a plurality of matching features (1002,
1003, 1080, 1081, 1082, 1083, 1084 and 1085) in both the input image 1004 and a stored image 1010.

The method ggy ngludedes SiePs VH?QJH%@HQQHUH%S%QQ%& HBRRIRCE STARIBImEIRGLA Plurality of
matching features_15 (1002, 1003, 1080, 1081, 1082, 1033, 1084 and 1085) in both the input image 1004

and the stor&f el & 2H16; 8 d@Pmivied dsdivice mﬁﬁpfn%ﬂaFlmmﬁég‘ﬁrifﬁiﬂw@@f%%?fji?ﬁage 1010
when a subsagteoShamaiahingsfeaties dratweeditherisiageso 1084 cancbl@dtdrotowy iorthasgeme

 subso SRy .. Grovaus forheagme
argor than A SRV o e e e 1 e A B b om0

to the n@mb@&Nef KRPOYMtETEREEH fRAN RS iUt ifalfe TEHE ciuife didiBetivRaged GRMRAsthever is
smaller.  fdhe@eoRmelriGsed a0t dpedseyipodisHd @@ INokBlkmNgRIWhePrve inrgesdd§ifior010) are

translated orasccéalr%d. 'I;r}]u ﬁ%(rat grllgoo%hrntiai.inv%rri]aent for scaling and 25 translation. A little elasticity in the
transformati8if§ Bafléen t%\e mpuf:lmaoge $04"574 the stored image 1010 is allowed as long as the
geometric order of theskeyiifldtsferiosenatadblaingeis perforrmdevéy kthdraydsithnthis dotinvaritint to

rotation, affingiyapgfRsAaASies). 2BFhhgMogsaRNIC tiRnsormatians Fhese dransfpsmasione sag change the

relative order_300f the keypoints, us, when determining whether the input image 1004 matches

Th
with théGtor&PRBYERIRT S Hid &<y 19 604 ditnd P67 Bt of trEesuikdos SR ¥ ehixis (1006
and 1014) usétdn isoitictiveorietinpagefé@dvta)nia thalstooed athadeht0desc8ptors ofrthredreatgetail, [IS can

be Ca'CU'ateQﬁBHi{}%t%‘Fﬁw@?gﬁé i g#ﬁg?ﬁgﬂ@&ﬂmQIQF?g“?rﬂé“Eé’-‘i’rQQ,'%r?éa Asshandnekrygoint

coordinates, so that the wh e not need to be rotated and features extracted again. Assuming
that a correct@iEGROBT REtEOAGSIRIRES RICEIT IS'PROITBAAAR (ReidMROS AISh SRR dAithghJidemations.

Proof of affinadmrangnsssreebAfine:93R9aa heageatine seanstormatios. Affine{Riredpteatwhere

15  between the query image and the archived image. The recognized image will be the
image in the database that has the largest matching score, the matching score
being larger than a certain threshold.

After feature matching, there will be some key-point pairs between the query
image and the archived images, which are most similar to the query. However there are

20 a lot of false outlier matches. Outlier matches can be eliminated by selecting only a
subset of the key-point pairs which are geometrically consistent, which is undertaken by
performing geometric validation in step 806. The geometrical consistency can be
described as a geometric constraint on the spatial coordinates of the matching feature
pairs. The goal is to find the largest subset, which satisfies that constraint.

25 Figure 9 illustrates an image matching query. An input image 902 is shown on
the left and the archived images 904 are shown on the right. The dots 906 represent
extracted feature keypoints, while lines 908 and 910 represent matches between the
features. The bolder lines 910 are geometrical consistent matches while the fainter lines
908 are the outliers.

30 Two possible methods supported by a learning trail application, according to
various embodiments are homographic RANSAC (RANdom SAmple Consensus) and
LIS (Longest Increasing Subsequence), where each uses different geometrical

constraints.



LetRotate : 912 -) 912bearotation.Rotate(p) # Rp ,where cos(a) -sin(af sin(a) cos(a) applied on a set of
points P = { pi E 91.2 }, and then rotation is applied, 19 =E 91.2 1 is obtained, where p: =
Rotate(Affine(m)). The detailed equation is as follows: 15coordinates of two points, because that
determines the geometrical order of the points accoréfng to the x axis. The indexes of the two points can

be 0and 1: x; - =Cos

42) oAU XN SO Sl ~0H 0 D ChgsG Y M following: b

=r sin(a) d =rcos(a) 20where a,rE 9t and r-det(A) >0 assuming det(A) # 0, which is always true in

practice. ThiPUAWiH be fhéScATeIEdy BBl afistUsbEeiNadter GAB RbsaRIBETtnRYe APREGAINT be: 4- x/0 =

(a cos(a)+ chaingaypprile Xeahsformation on the archived images. Homographic RANSAC is

10

15

20

25

30

used to select the largest number of key-point pairs, which are consistent with a
homographic transformation.

RANSAC is a robust probabilistic method for estimating model parameters,
which can be used for any kind of model. In various embodiments, the model is
Homographic transformation between images, where the goal is to find the
parameters of the homography matrix. At least 4 matching keypoint pairs are
needed for estimating the homography matrix.

A RANSAC algorithm can be outlined as follows:

1. Chose 4 matching key-point pairs randomly for parameter estimation of the
homography matrix.

2. Compute the homography matrix.

3. Check all key-point pairs against this model, and keep only those (as inliers)
whose error is small.

4. Repeat the above three steps until a satisfactory result is found, i.e. the
model which provides the largest number of inliers is chosen

As an example, the OpenCV implementation of Homographic RANSAC may
be used.

In  Homographic RANSAC, the assumption is that one image is a
homographic transformation from the other and therefore works well on planar
images. However, for images of 3D objects, Homographic RANSAC may not work
well as the transformation may not be homographic.

LIS works well on either planar images or images of 3D objects. In various
embodiments of the learning trail application, there is no prior knowledge on what
kind of images authors will be using. It cannot be assumed that images are
captured from planar objects. Therefore, LIS is preferred as it can handle both
homographic and non-homographic transformations.

The underlining principle for the longest increasing subsequence method is
that a set of matched keypoint-pairs are geometrically consistent if their keypoints
geometric order is the same in both the input image and the archived image. The
geometric order on an image is determined by the image coordinates of keypoints



ad -bc) 1- xo) r 36 ad -bc) det(A) Because> 0, the relative order of points applying a carefully chosen r
rotation can be preserved. Consider a scenario where a is not known, because the parameters of the
affine transformation are not known. Since computing [IS is very fast, the computations can be 5 done
multiple times. Several angles for the first and for the’3econd image can be randomly chosen. [IS is

computed foralkpRSRIble ANGesRAETHETcd ‘é’ﬁé"afﬁeKL?@qé- rﬂ@fﬂ@ﬁ fQr dBpdBIadsSHicHRgCie!y)- The

inliers from the largest subset that are obtained are kep In various embodiments these angles

are chosen (REGHSHIRELN. RIELHDS ﬁ%ﬁ@l@%%ﬁh‘@h%@é@ PRI RFiSIRThe following: a=
rand (0,2z) k 22z- dk -at3¢ =0, bultedaiieriaaddd,az)given sequence is found, in which the

subsequence elements are in sorted order, lowest to highest, and in which the

5 subsequence is as long as possible. This subsequence is not necessarily
contiguous, or unique. The longest increasing subsequence problem is solvable in
time O(n log n), where n denotes the length of the input sequence. Further details
can be found in Fredman,M.: On computing the length of longest increasing
subsequences. Discrete Mathematics 11 (1975) 29-35

10 Figure 10A shows an illustration of the implementation of an algorithm, based on
a longest increasing subsequence method, used by various embodiments of a
learning trail application to configure a processor (see processor 302 of Figure 3A) to
determine whether a match exists between an input image 1004 (which can also be
the input image 326 of Figure 3A) and an archived or stored image (see 310 of

15  Figure 3C) of the learning trail application. The geometric validation is illustrated for
only one archived image 1010. The processor computes the geometric validation for
all archived images in a similar manner.

In Figure 10A, the gray squares 1002 denote a matching keypoint-pair
between the input image 1004 and the archived or stored image 1010. Squares

20 10083 are also a keypoint-pair, similar to 1002. The remaining keypoint-pairs are
indicated using the same reference numeral (1080 to 1085). For the sake of
simplicity, lines connecting these reference numerals (1080 to 1085) to their
respective squares do not span across the input image 1004 and the stored image
1010, unlike the case for reference numerals 1003 and 1002.

25 First, the keypoints are sorted according to their image coordinates on the x
axis 1006 in the input image 1004. A sequence denoted 1005 is created. The values
of the sequence elements are the keypoint indices in the order on the input image
1004. Then the keypoints are sorted according to their image coordinates of the x
axis 1014 in the archived image 1010. Sequence 1012 shows an order of the

30 keypoints along the x axis 1014 for the archived image 1010. The values of the
sequence 1012 are the values from the sequence 1005 on the input image. The
same indices (i.e. indice “0” refers to keypoint-pair 1082, indice “1” refers to
keypoint-pair 1083, indice “2” refers to keypoint-pair 1085, indice “3” refers to
keypoint-pair 1084, indice “4” refers to keypoint-pair 1003, indice “5” refers to



1. 2z- ak values denote the rotation angles for the input image 1004, and /ii are the angles for the
archive image 1010. With sufficient sampling, suitable rotation angles can be 15located. Typical values
are K=3 for the input image 1004 and L=7 for the stored image 1010. Figure 10B shows an instance
where K=4 and L=4. The input image and the archivé4mage are denoted by 1004 and 1010 respectively

(as in Figureégé%mﬂb%ﬁ@ 81 %@B@“@”?e%@ié‘?&eﬁ BAR-BHPYBAD AL e 974 rfBRE 14 058, 1060,

1062 and 20 1064) for both images 1004 and 1010. Those arrows represent the axes of the rotated
coordinate RS IEERADalOSHth OGERR TS hdNDIBFTHARN PPl GREN YRS RFE alfd H1§14) denote
the original arégpiaticasofide sespeslizacspetsivEne Dolsl largees iherehebl) anthsdthBndensitenhthe rotated

The atrows (10U 055 oot Da SRy e B R e Ml 062, and
1064) dénot¥@ted tinrngr $apredbageseaRO W83 08BaRdites@radhote thefaegithdie febest

rotation-pairs&gssiht \Whieh WHge aadhedasse sharibbey of thiersngbanihdasiagputedqbypesimental
results 5It is known to ﬁse URF feff\tuEe m lﬁ:géngrto ma}ch a gjl,{ﬁysimage with the images in a database.
{ I

re geomeirically consistent m he rest are o . o ;
As SURF fedlGrdTa1e Ing result’is no refiab €, geometric validationis used as it is more reliable.

Although the query tineeiipidrig@oguriie calisigeoecpiodpstshibectiodtivnags Ul idmdrenaccurate.
The results ¢h§ AURRIBPG: comRass asativisIY Ble fed tHsM HiARIAAMRENIRHIORANSAC) methods are

shown in Figures 11 - 14. The experiments were conducted using 2 datasets. Dataset A includes

1201 pl@nar image LatSgof8Y! o€ iriRG¥She ARaRGORIBH t5HfiHg 3hdtaRofRBPSHo MRS dor testing
Dataset B inshimes d8tc8ingaihad) |zodiianes Eherearssmultplediactyes plarditydofark{tobah@051 training

images) for L5 plaingga! 208erokRR0 Bgoaniey (PaRR0- BARCHmETIERIER SR RIS dives
comparable results or outperforms the 2 eX|st|n8 methods. 1t is also faster, than the homographic
RANSAC. image 1004 and a stored image 1010. The method may include the steps of having
the algorithm configure the processor to: select a plurality of matching features
15 (1002, 1003, 1080, 1081, 1082, 1083, 1084 and 1085) in both the input image 1004
and the stored image 1010; determining that the input image 1004 matches with the
stored image 1010 when a subset of the matching features between the images
(1004 and 1010) occur in the same geometric order in the input image 1004 and the
stored image 1010 respectively, wherein the subset is larger than a threshold value.
20 In various embodiments, the range of the threshold value may be from 0 to the
number of keypoints detected from the input image 1004 or the stored image 1010,
whichever is smaller.
The geometric order of the keypoints does not change when the images
(1004, 1010) are translated or scaled. Thus, the algorithm is invariant for scaling and
25 translation. A little elasticity in the transformations between the input image 1004
and the stored image 1010 is allowed as long as the geometric order of the
keypoints does not change.
However, the algorithm is not invariant to rotation, affine transformation, and
homographic transformations. These transformations can change the relative order
30 of the keypoints.
Thus, when determining whether the input image 1004 matches with the
stored image 1010, the processor can rotate either or both of the selected reference
axis (1006 and 1014) used in both the input image 1004 and the stored image 1010.



Definitions of evaluation criteria: The recognition engine is tested with two different types of images: valid
and 20 invalid images. The test image is considered valid, if it contains an object which is in the
database, so that the recognition engine should be able to recognize it correctly. The invalid images do
not contain objects which are in the database. When3§uerying a valid image, there are three possible

results: The image,js eQre ey PI0BNZEAHE RY ARaEhS MRS IRAEESIMIRERIRIZEY (R The engine

outputs an object, but that object is not the one that the test image contains. The image is falsely rejected
(Frej). The effiioraNesd RtbfsArried e kReest megd AR BostAidhe WhrlRiMadfkre are two
possible resdltes3ot Tiestnagesis dedsedy act égpied €& AktrHotcenadamowiss lisiary abics, borréloe test image
does not contaip_any ohj finte The image. s ly.rejected (Crej). in s not find
any match irrlgl t eedyab%g%cﬁh\)/%hic% Fsg ﬁg‘é" ’cgﬁe%ﬂar%%vé?wﬁﬁn ttrtlw%{atqe's‘ftgirﬁ%gﬁ Ys%- ﬁeﬁ%% S%HRS CR, IR,
Frej, FAD Crdj3BpiseaienBe number of correctly recognized, incorrectly recognized, falsely rejected,
falsely accepted angrgertciiiineiacie@dnarages during the tests. The recognition engines output is the

matching image in the database which has the most matching features with the query image. If the

number of matchin&fbafifie i s Bfer BfaRa AinsntiAreiHBIatieRe ithge(R rejdeEd. JRE five

numbers defined ab depend on the threshold. Performance eyaluation measures are based on these
five numbersA = Pﬁﬁdhéaﬂi&ﬁﬁ@wd&ﬂm&tmﬁimaﬁmm’aer <) cojrisctﬁy tecodptizeddstages divided by
the total recognizéd ifmages. Recall is the ratio between the nu Ber of correctly
Let  Rotate :R*> —-R> be a rotation.  Rotate(p)=Rp,  where
cos(x) —sin()
sin() cos(@)

10 R= j and « is the angle of the rotation. If an affine transformation is

applied on a set of points P = {p, € R}, and then rotation is applied, P’ ={p e R*}is

obtained, where p; = Rotate(Affine(p,)) . The detailed equation is as follows:
x; _(cos(a) =sin(a@)\(a b x e
v/ ) sin(e) cos(a) e d)\y, f

X X.
where ( ’j:pi and ( ’j:pi. The important is the difference between the x
Vi y

15  coordinates of two points, because that determines the geometrical order of the points
according to the x axis. The indexes of the two points can be 0 and 1:
x| —x, =(a-cos(@)—c-sin(@))-(x, —x, )+ (b-cos(@) —d -sin(ax))- (v, - y,)
o can be chosen by the following:
b=r-sin(a)
d =r-cos(x)

20 where a,re R and r-det(A) >0 assuming det(A)#0, which is always true in
practice. This «a will be the correct angle that is chosen. After the substitution, the
equation will be:

ad —bc

r

j'(xl _xo)

x| —x, = (a-cos(a) +c-sin(a))- (x, — xo):(



10 recognized images and the total number of images. Both precision and recall is defined only on the
valid test images. The values of the precision vs. recall curve is interpolated, such that the curve is
monotone decreasing. CR precision - recall CR -V IR Frej 15 Figures 13 and 14 show ROC (Relative
Operating Characteristic) curves plotted for both dat&8ets. The x axis of the ROC curve is the false
acceptance rate (FA/ &Jjn_bgcr of ig&zﬂi images) and the y axis is the correct recognition rate (CR/number
of valid ima@@aﬁ@i:he—p%eei roR-vs—teechll thervelst{Fgumes ofl pointsl 2ppinddgredaGlyuchesefFigures 13
and 14) show that both geometric Validation method improves performance compared to simple SURF
matching onifigibiatalase feddriedatabase contains 2D images, so it is expected that the homographic

method performs w, (I)I.nlri1 eredé égﬁarreos%Iés are bettneort %‘n%r\]/v tnh%eSUREa rﬂgtcgin%withoetii g%%ﬁgic
validation. 25The [l A %o?‘nographlc AR EAL perform équaﬁ?;}’%a%edponathg RS &urve, but [IS is
better regardingstoemiwision vet kecal.rHitoe cDatagigB-toistagry BBt dinel nwemkitatigrs c@MOBD objects

the hompgragdjg ‘FFPG,I%B@WH%QP’S%QQFQ?‘Q@&“%FG%F%é?%&hﬁb‘rt%%&%@nﬁ%@%r‘i‘%comparame

performance to the simple SURF matching. It does not improve or make the {)erformance worse

significantly. "4 RIRAPeHS A 6 8SORH RRAERIS ARG PRI MR RMAK SRR lon database
B. The averagelqudoy thmerfagdbesspoetiholys. isrehiovierdrirdabiec3dvginivs ddsetrasiltsshbiaitieat the [IS
method consati;g\gg.ppss computation time than the HOM method. This
In various embodiments these angles are chosen described below. Rotation
10  angles for the images can be obtained from the following:
a =rand(0,27)

k-2mw
o, =0+——
K

k=0]l1...K -1

B =rand(0,27)

[ 27
B =B+

[=01...L-1
«, values denote the rotation angles for the input image 1004, and /3, are the angles for

the archive image 1010. With sufficient sampling, suitable rotation angles can be

15 located. Typical values are K=3 for the input image 1004 and L=7 for the stored image
1010.

Figure 10B shows an instance where K=4 and L=4. The input image and the

archive image are denoted by 1004 and 1010 respectively (as in Figure 10A). There are

4 orientations (denoted by the arrows 1050, 1052, 1054, 1056, 1058, 1060, 1062 and

20 1064) for both images 1004 and 1010. Those arrows represent the axes of the rotated

coordinate frames (compare with Figure 1006 and 1014). The horizontal arrows (1006

and 1014) denote the original orientation of the respective x axis. The bold arrows (i.e.

1050 and 1058) denote the rotated axis by a random angle & and [ respectively
(shown as 1030 and 1032 respectively in Figure 10B). The arrows (1050, 1052, 1054,
25 and 1056) denote the «, angles. The arrows (1058, 1060, 1062, and 1064) denote the



39 experiment was conducted on an Intel XeonTM 5150 CPU having a 3.00 GHz processor and 3.00 GB
RAM and running WindowsTM XP 5P3. Average query time (ms) Dataset A Dataset B SURF 22.5 53.2

HOM 55.3 73.6 [IS 37.7 72.1
37

f,angles. The longest arrows (1056 and 1060) denote the axes where the best rotation-

pairs occur, which provides the largest number of inliers when LIS is computed.

Experimental results
5 It is known to use SURF feature matching to match a query image with the
images in a database. As SURF feature matching result is not reliable, geometric
validation is used as it is more reliable. Although the query time is longer due to the
validation process, the recognition result is more accurate.

The results of LIS method compared against SURF and HOM (Homographic

10  RANSAC) methods are shown in Figures 11 - 14. The experiments were conducted
using 2 datasets.

Dataset A includes 1201 planar image categories, one image per category for
training and another 8497 images for testing. Dataset B includes 130 Singapore
landmarks. There are multiple images per landmark (total 3051 training images) for

15  training and another 1630 images for testing. Experimental results show that LIS gives
comparable results or outperforms the 2 existing methods. It is also faster, than the
homographic RANSAC.

Definitions of evaluation criteria:

The recognition engine is tested with two different types of images: valid and

20 invalid images. The test image is considered valid, if it contains an object which is in the
database, so that the recognition engine should be able to recognize it correctly. The
invalid images do not contain objects which are in the database.

When querying a valid image, there are three possible results:

- The image is correctly recognized (CR).
25 - The image is incorrectly recognized (IR). The engine outputs an object, but that
object is not the one that the test image contains.
- The image is falsely rejected (Frej). The engine fails to recognize the object in
the test image.
If the test image is invalid, there are two possible results:
30 - The image is falsely accepted (FA). The engine outputs an object, but the test
image does not contain any object of interest.
- The image is correctly rejected (Crej). The engine does not find any match in the
database, which is the correct answer, when the test image is invalid.



Table 3: Comparison of average query time 5 Many image classification algorithms require
parameters to be fine tuned to maximize classification accuracy. The same set of parameters may not
work well for all datasets as they depend on image contents. As shown in Figure 15(showing
experimental results on Dataset A), both the correct Bcognition rate and the correct 10rejection rate

depend on a hreshol WhicaSHON Ao ARGS9l SIS HECAIRALB McoraclpUs L1

useful to automate the parameter tuning process, as sample images uploaded by authors may be very

different and §REgEedn alsel ﬂWEFé%ﬁc?é"!ﬂ@'.yﬁFé?ﬁ@ﬂcﬂf? HNSOVSIBIG BAREFRYEBE BSine tune the

parameters tethe}eermmdér@wtﬁiﬁp}ﬂdslﬂhaoylatchinb Vit dpe iappeedmwmnfﬂme skilled in

the art that WHQ‘%Q’&%’&%H%%&%%W%C@ ﬁ%rﬂl@é.br? t'iﬁ‘@ﬂ%‘?géﬁ%ﬂ%?@%ﬁ&%ﬂ%% shown in
eparting from the spi as

the specific embodiments without | le spiTit or scope of the inventior as broadly described.
The pre8ent!@WHdaARENESERE tNeroRIFL (he BBAgSSIERIFEISTh AR fB_pMEIaUmbesRfirgfa@revand not

restrictive. 4x6dntiiMiStHe thegh@d cCopéigbtiadisecevaligaddratiiagL eyl apnlisssnioihagenasaphic area,
the server comr%ising 5a processor configured to: provide a template having a plurality of fields, each

ing & UToets. . : : L T : ST
performing a Specific function, the plurality of fields comprising a location field and an image archive field,
the location field confegisied e dededrcaththe cdlipr @b hisnrerohnorieetliniacronizsdvenfighs dordeired to

receive imaggsiddigeaivedsgnRiade; fakf O iRaR MEHATAIS GONESH ThensRbIICH ebifplurality of

fields;
10  recognized images and the total number of images. Both precision and recall is defined

only on the valid test images. The values of the precision vs. recall curve is interpolated,

such that the curve is monotone decreasing.

CR
CR + IR

CR
CR + IR + Frej

precision =

recall =

15
Figures 13 and 14 show ROC (Relative Operating Characteristic) curves plotted
for both datasets. The x axis of the ROC curve is the false acceptance rate (FA/number
of invalid images) and the y axis is the correct recognition rate (CR/number of valid
images).

20 The precision vs. recall curves (Figures 11 and 12) and the ROC curves (Figures
13 and 14) show that both geometric validation method improves performance
compared to simple SURF matching on the Database A. This database contains 2D
images, so it is expected that the homographic method performs well. Indeed, the results
are better than the SURF matching without geometric validation.

25 The LIS and homographic RANSAC perform equally based on the ROC curve,
but LIS is better regarding the precision vs. recall metric. Dataset B contains 3D
landmark images. On 3D objects the homographic constraint is not applicable. The
results show that the RANSAC method has comparable performance to the simple
SURF matching. It does not improve or make the performance worse significantly. The

30 LIS outperform both the SURF matching and the homographic RANSAC on database B.

The average query time for the 3 methods is shown in Table 3 below. The results
show that the LIS method consumes less computation time than the HOM method. This



receive instructions for determining the placement of the template data into one or more of the plurality of
fields; and generate the learning trail application from the template with the received 15 template data,
wherein during execution of the learning trail application, the learning trail application is configured to
receive at least one input image, determine whether #match exists between the input image and the

content in the,IRAAR AV il 284 sispianiledssnPIALA SRIEFFSRGIALEY WHH B15,99/8eakE) the image

archive field, when a match exists. 20 2. The server of claim 1, wherein during execution of the learning
trail applicat®if SRR ANLPARAGY LRSS tHE Bivblate data that is associated to the input
image received during execution of the learning trail application. 25 3. The server of claim 1 or 2, wherein
during exeettion-of-thetearntng-trattapplicationthelearning-trattapplication-prompts-ausertp provide
the input image. 4. TheesageeagMAimer(Merein during exBatarst b the |learnBR}assl Bo application, the
learning trail application is furtiigjpgenfigured to display the temphaie data when theglearning trail
applicationreeeives-data-generated-by-sensers-operatinginaplatferm-where-thelearning-tral application
is executed. 41 5. The serverd®Maim 4, where the data inclu®s3any ond or moré®$the follgwing: GPS
data, compass bearing data or aggelerometer data. (the applicatjon will not promptfoy input data, it

performs rl\ﬂlllnr choecl af ottt data fram-the CPCS camnaca AN A acecoloramaotar Oneatho d ata fa”S In

C T TE OO Crotp Ot Ot T OTH OO = O O CUTTT IS S o aC T eI ToOmCtC T O T—tTC U
the predoefin%%srfaer?ggomgaélg%lfgaat‘(gﬁagﬁlf'tur?éé(te'ﬂ%e display of the content) 6. The server of any one of
the preceding claims, wherein the processor is further configured to perform authentication before
displaying the temp¥aBY 10'29%&'88RlGAHP AR HBNEISHEE BB cBRFMPARRSs [WReréitetiensrbdessor is
further confightigichteehaxsstheatiomplalerascehsbiamy savebgaawresrappligainmworiBweheosenver of any

one of the preqeding claine. WVIRIGINING PosESEOLEBrRCT RenTRbiiR 19 e nsithsinRs for
associating the content between one or
experimental results on Dataset A), both the correct recognition rate and the correct
10  rejection rate depend on a threshold, which is one of the parameters to be decided in the
algorithms.

Thus it is useful to automate the parameter tuning process, as sample images
uploaded by authors may be very different and image content is unpredictable. The
methods and software will be developed to fine tune the parameters to achieve the best

15 recognition accuracy.

It will be appreciated by a person skilled in the art that numerous variations
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 invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to

20 Dbeillustrative and not restrictive.



15more of the plurality of fields. 9. The server of any one of the preceding claims, wherein the template
data comprises information relating to the received images or the geographic area. 2010.The server of
claim 9, wherein the plurality of fields of the template further comprises a question field configured to
receive questions related to the geographic area and*&n answer field configured to receive answers to the
respective qggstigns in the question field, wherein the template data comprises the content for the
guestion field and the answer field, wherein the input data used by the learning trail 25 application
comprises replies to questions from the content of the question field and wherein the learning trail
application ig furthei canfigureshtiydesdrmingaeshethdethaingptias rapiticdhercéntemntgadyeaphipwer field.
11.The server i rein the template data comprises geographic 30area for placement
into the Ioca%g%f%%%ﬁ%rgg%n%%éSQZ archive field of the template, the object of interest being an
object t& which inforrRERERFRPESSPERMERA 193, The server of claim 12, wherein the processor is further
configured to 5 prosiessddainragsseaptvieg fropdhaigbigctiatktierast WeiamagoHtmpe@irelect
images that are repre: ent?tivclatof th ?&'ect of interest rsmdtto remove Hoise from the r§ele?tqg images. 14.
The server of' Qﬁf/ One' 6t ﬂwuer%'ré(c%di'r?g clé:f?rr]ns? r\'/ils‘hnegrea}not%ae'Perér'r%nga}rr]ailari(ﬁné%%?i@éﬁo'r\{ %s Ic(:aon’figured to
have at leasthegogitionfigld tanfijueddea rdisgiie dtcopdpwhehitherkaandgtheliiraagticaibives executed

ina specifie@gggjygzé%@gog@ggwmﬁaég@. 15. The server of claim 14, wherein the portion of the
template data that is 15displayed is assocjated with the specified segment of the geographic area. 16.

The selder of any JREDY P PRELRIAGIRIAANLIFATEPER @R BErARYIRLICL IR RloM RS Sadable into
a platform theluraligpdidédiom the server and executable on the platform.

receive instructions for determining the placement of the template data into

one or more of the plurality of fields; and
generate the learning trail application from the template with the received
15  template data, wherein during execution of the learning trail application, the learning
trail application is configured to receive at least one input image, determine whether
a match exists between the input image and the content in the image archive field
and display the template data associated with the content in the image archive field,

when a match exists.

20
2. The server of claim 1, wherein during execution of the learning trail
application, the learning trail application displays the template data that is
associated to the input image received during execution of the learning trail
application.

25
3. The server of claim 1 or 2, wherein during execution of the learning trail

application, the learning trail application prompts a user to provide the input image.

4. The server of claim 1, wherein during execution of the learning trail

30 application, the learning trail application is further configured to display the template
data when the learning trail application receives data generated by sensors
operating in a platform where the learning trail application is executed.



20 17. The server of claim 16, wherein the processor is further configured to provide an accessing
application that is configured to run the learning trail application, wherein the accessing application is
configured to operate on the platform. 2518.The server of claim 17, wherein the accessing application is
further configured to perform authentication before rdining the learning trail application. 19.The server of

any one of the preceing slaline Whgiein NGINACIRSOLRa IHISECAMPURI 9 Yssanalgpdtm to

determine whether the match exists 30between the input images in the [earning trail apPIication and the
content in thEPIPYEY 2 ERR dAt8d CUBPrase Qe SRIA R MRS FIRIG MR €81 %@ﬁ weYFBlRImage and a
stored imagavill notdeiefipirfimgripat thednpyieriomgs majche shgtk bleositpradiaraiewliten @R8pset of the
matching fegt t n i CCHy in.t g ic,horder in.the i [ and the
stored imag% re paegcgﬁ\\;geﬁg, V%E%?E@?ﬁééhb?éqéé Féﬁ%ser t%n%ﬁt%(?gs%%d %%Hg,ﬁ}jegf}ﬁ'@ (sg(]a?t\%e% of claim
20, whe?ein aRPlggbathilidriggssdhnendispiny o thecpeating subsequence method. 10 22. The server of
claim 21, wherein the longest increasing subsequence method comprises having the algorithm configure

the processcg.to fuqﬂ%r:server of any one of the preceding claims, wherein the processor is

further configured to perform authentication before displaying the template.

10 7. The server of any one of the preceding claims, wherein the processor is
further configured to have the template accessible by a web browser application.

8. The server of any one of the preceding claims, wherein the processor is
further configured to receive instructions for associating the content between one or
15 more of the plurality of fields.

9. The server of any one of the preceding claims, wherein the template data
comprises information relating to the received images or the geographic area.

20 10. The server of claim 9, wherein the plurality of fields of the template further
comprises a question field configured to receive questions related to the geographic
area and an answer field configured to receive answers to the respective questions
in the question field, wherein the template data comprises the content for the
question field and the answer field, wherein the input data used by the learning trail

25 application comprises replies to questions from the content of the question field and
wherein the learning trail application is further configured to determine whether the
replies match the content in the answer field.

11.  The server of claim 9 or 10, wherein the template data comprises geographic
30 area for placement into the location field of the template.

12. The server of any one of the preceding claims, wherein the template data
comprises images captured from an object of interest for placement into the image



rotate either or both of a selected reference axis used in both the input image and the stored image to
determine whether the input image matches with the stored 15image. 23. The server of claim 22, wherein

either or both of the selected reference axes are randomly rotated.
42

archive field of the template, the object of interest being an object to which

information is associated.

13. The server of claim 12, wherein the processor is further configured to

5 process the images captured from the object of interest with an algorithm to select
images that are representative of the object of interest and to remove noise from the
selected images.

14. The server of any one of the preceding claims, wherein the learning trail

10  application is configured to have at least a portion of the template data displayed
only when the learning trail application is executed in a specified segment of the
geographic area.

15.  The server of claim 14, wherein the portion of the template data that is
15  displayed is associated with the specified segment of the geographic area.

16.  The server of any one of the preceding claims, wherein the learning trail
application is downloadable into a platform that is separate from the server and
executable on the platform.

20
17.  The server of claim 16, wherein the processor is further configured to provide
an accessing application that is configured to run the learning trail application,
wherein the accessing application is configured to operate on the platform.

25 18. The server of claim 17, wherein the accessing application is further
configured to perform authentication before running the learning trail application.

19.  The server of any one of the preceding claims, wherein the processor is
further configured to use an algorithm to determine whether the match exists

30 between the input images in the learning trail application and the content in the
image archive field.

20. The server of claim 19, wherein the method comprises having the algorithm
configure the processor to:



10

15

43

select a plurality of matching features in both the input image and a stored
image;

determining that the input image matches with the stored image when a
subset of the matching features between the images occur in the same geometric
order in the input image and the stored image respectively, wherein the subset is
larger than a threshold value.

21. The server of claim 20, wherein the algorithm is based on a longest
increasing subsequence method.

22. The server of claim 21, wherein the longest increasing subsequence method
comprises having the algorithm configure the processor to further:

rotate either or both of a selected reference axis used in both the input image
and the stored image to determine whether the input image matches with the stored

image.

23. The server of claim 22, wherein either or both of the selected reference axes
are randomly rotated.



