1 METHOD AND SYSTEM FOR VERI FYI NG A TARGET I N AN | MAGE FI ELD OF THE

| NVENTI ON [1] The present invention relates to the processing of

i mge data. More 5Sparticularly, the present invention relates to a
net hod and a systemfor verifying a target in an inmage. BACKGROUND OF
THE | NVENTI ON [2] In high risk operations conducted by the police,
mlitary, fire brigade or 10 special forces wor | dwi de, efficient
conmmuni cati on hetween team ne ' hese operations _is crit

the success of R %MQ &YS-FIW&QRI\{ERWY@!NQASTABQErTaW Aﬁ‘smyf‘@E
time critical since human |ives nmay be at stake. The need for haste
and accuracy can be appreciated, for exanple, by considering a
scenari o where people who are trapped in a building on fire need to
be | ocat ed &hd.-DOR dkikd INVENTKO rescue. Anot her scenario would be a
case where snipers are positioned around a predeterm ned | ocation and
are requir e(:Dth@ Toegtresemi ivention beiglteﬁ g, f?@q:rb@és&;llr(g bfn'lrnﬁge dta. ?If/iere
hol di ng hos 3] Wth the advent of technol og the use o
port abl €’ co 'ﬁ’f"l?é]tyr E&? é" SBBK/'F‘Hﬁgt'%Eeﬁat% tueree @'&iﬁlséfﬁf@@ tor vetihdng
traditionalaqg ir4§magehandhel d portabl e wal ki e-tal kies for

communi cati on tween team nenbers in such high risk operations are
conmon. Fbmever such critical information, particularly if it
relates to the |dent|f|cat|on of a speC|f|ed target or object in an
area of ag bal Iy, may be subject to
errors, and a failed mssion. [4] To

i t f s o t i,a ver. bal nmupi cat.i on,
the sendi ng @%} p&f&sa&nf AHBE I%B%mq%'@%ﬁp@%@e PRlick Rl e brigads or
capturing nBgd§alMYcde weteididdloNayant cbhﬁﬁ@nlﬂﬁt}f’orp%eﬁmééﬂ‘%éfﬁrrﬁgfrﬁ)ers in

these operations is critical to the success of the operation. Typically, high risk

operations are time critical since human lives may be at stake. The need for
haste and accuracy can be appreciated, for example, by considering a scenario
where people who are frapped in a building on fire need to be located and
15 identified for rescue. Another scenario would be a case where snipers are
positioned around a predetermined location and are required to locate, within a

building, certain criminals who are holding hostages.

[003] With the advent of technology, the use of portable communication
20 devices such as wireless earpieces or other traditional means such as
handheld portable walkie-talkies for communication between team members in
such high risk operations are common. However, such critical information,
particularly if it relates to the identification of a specified target or object in an
area of interest, when communicated verbally, may be subiect to errors, leading

25  to miscommunication and a failed mission.

[004] To circumvent the problem of miscommunication via verbal
communication, the sending of relevant images to team members through

image capturing means may be used. However, there may be a considerable



2 del ay between the tinme when the scene is captured and the tine when
the information in the captured scene is relayed to other persons.
Further, the captured scene or the target nay not prove to be

i medi ately evident in the imge. 5 [Sb There is, therefore, a need
for a nethod and systemfor verifying a“target in an inage that can
be communicated to others. [6] Any discussion of docunents, devices,
acts or kn i IS4 I fcatd on:d s, |\ @ B t
cont ext of %}tgkléﬂlgﬁ%%ﬁ g‘né ttﬁé gﬁ%ﬁl @bngéé'?]eiét gﬁ%tﬁ%ad;%g]ﬁ %‘gmﬁégi ‘ghg? ﬁg
any of the imfatregiiat if dhesaplyredt sanet reradbpdc tofothdreparsbner Fhasher, the
common general know edge in the relevant art anywhere . on or before
Che ot or i CEOHAFR SENEH UHR<eGRUNEY Il Rroks 18 Beeran ROy SRR it dbe
as to the gakgeor representation as to the contents of these
docunents is based on the 15infornati on avail able to Applicants and
does not constitute any adm ssion as to the correctness of the date
or conténts of these docunents. OBJECTS OF THE | NVENTI ON [7] It

is an obje f in I i tajn r

201 dent 1 &0PThn T4 I HRHHERE. @ BB R Ly BBl S GubRirdnn 8 ity
It is al soigandbgethafcdnite tomeninicdatet @ eyrirsone, or at | east
substantially aneliorate, the disadvantages and shortcom ngs of the

prior art. 25 [009] O her objects and advantages of the present
invention will become apparent fromthe foll ow ng description, taken

| n connect gAY i AERATRRANBA RN ¥ifhesNSAE! Br KNOWBNGSTin. this
illustration and éxanple, an enbodi ment of the present iInvention is

di scl oged. sp8cification is included to explain the context of the invention. [t should not be

taken as an admission that any of the material forms a part of the state of the

art or the common general knowledge in the relevant art anywhere on or before

the priority date of the disclosure and claims herein. All statements as to the

date or representation as fo the contents of these documents is based on the

15  information available to Applicants and does not constitute any admission as to

the correctness of the date ar contents of these documenis.

OBJECTS OF THE INVENTION

[007] It is an object of the invention to provide a method to obtain a target

20 identified in a first image to be displayed on a second image.

[008] It is also an object of the invention to overcome, or at least substantially

ameliorate, the disadvantages and shortcomings of the prior art.

25 [009] Other objects and advantages of the present invention will become
apparent from the following description, taken in connection with the
accompanying drawings, wherein, by way of illustration and example, an

embodiment of the present invention is disclosed.



SUMVARY OF THE | NVENTI ON [10] According to the present invention,
there is provided a systemand nethod for verifying a target in an
image. A first inmage input device receives a first inage of a region
of interest, where the first inmage inputy,device is capable 5 of
marking a target in the region of interest and sending the first
image wth the target marking, and a second imge i nput device

gener at es assRp@AReyY ORIEHRINESTIER on of interest. A processor
processes the Tirst and second I mages so that the target marked on

the first i hSnd i £ : [ e '

(el ds of J|PA8P ASCdHR ko 16e @%‘*’Pﬁ ’?J%ifnﬂeghé@%bbsd}@rﬁgﬁg‘e Cyslefn and
i nvention arrmjzhnobfnrf\mnfym@attiafgeitmgaa mmggetA ﬁrstanagemgmtaimprd :mewes a
a first image,inpu evice fq ecei vi n i mge aof a.regio

"t er est delShIT0S of furgiory o atessst e She BT imegs T eieigse capabl
device bei ng rﬁﬁﬂéﬁé%tﬁgé%&i‘f@oﬁo? ﬁfft@r%%t éﬂd%@ﬁdﬁw@%@rflré’cfl éi@b%lﬁﬁhe
and sending the fitst inage with the target nmarking;y a second”i nage

i nput devi cl@rgeirmgeing, arcng seceke dnage rmgé dewncerwneafgie@ra eécontt imnaga of
sai d second, i na |n|n a,second field

d , d .
orocessorf bE TREREEL Mo A SiECESanr PioeBier Il 0 samendimavesso

target 20meghigetherrargdtembikesiton tHe0fst PndgteRtiiéhtERd0h tHessReRNMhd @ﬁgﬁ\e
wherein the first and second fields of view are different. [12

anot her enbiggPasiie iglde o yieveareqdifferasti nventi on, the processor
conprises: 25an image processor for extracting a plurality of
feature® of the region of

[011] In one embodiment of the invention a system for identifying a target on

an image comprises:

a first image input device for receiving a first image of a region of interest
defining a first field of view, said first image input device being capable of
15 marking a target in the region of interest and sending the first image with the

target marking;

a second image input device for generating a second image of the

region of interest, said second image defining a second field of view; and

a processor for processing the first and second images so that the target

20 marked on the first image is identified on the second image,

wherein the first and second fields of view are different.

[012] In another embodiment of a system of the invention, the processor

comprises:

25 an image processor for extracting a plurality of features of the region of

interest from each of the first and second images and

an image matching processor for comparing and matching the plurality

of features.



interest fromeach of the first and second inages and 4 [013] In
anot her enbodi nent of a system of the invention, the inage processor
extracts a first plurality of features of the first inage and a
second plurality of features of the secgnd i mge. 5[014] In another
enbodi ment of a system of the invention,” the inmge matching processor
determnes a plurality of pairs of features and wherein each pair of

features igﬁﬁéﬂd?ﬁ Qn&jhéfterfnﬁ%ﬁlﬁ%t bF 0N Loy (r??t?h%' Y HrtbR, Fhe image
features, and ‘a second feature, fromthe second plurality of
f eat ures, tonatessetr exbactsha firstr gitrdliga ot featukd] Ol finst imagdend a second

enbodi nent of sy.st em of e invention, the inmage matchi ng processor
i ncl udes apﬁtﬁ?ﬁﬁyﬁﬁﬁ?%@mﬁg? FECRY MABRg a transformation matrix

based on the plurality of pairs of features, whereby a first plane of
the first imge and a second plane of the second i nage are

determ ned. 15[016] In another enbodi nent of a system of the _
i nventi bn, [0 posinpthen estmdiineat eta sfsteReohiiiekisentiong dhe thaga matching

Cecond | magdoosestt oofBind B HLPAME) BE R e f estOisCHa Syfhfiiedtn baF of
i nvention, féhergwmicludes ieprytieatiom ik firbeploriikeor featges, ad bhRecond
first image are nultiplied by the transformation matrix to identify

the target @RUfhdrose fimaesansyriurality af fepfrandhat maishasdhediist fertuse.

system of - the invention, the imge processor uses a Speeded Up Robust
Features algorithm 25

10 [015] In another embodiment of a system of the invention, the image matching
processor includes a matrix builder for determining a transformation matrix
based on the plurality of pairs of features, whereby a first plane of the first

image and a second plane of the second image are determined.

15 [016] In ancther embodiment of a system of the invention, the position
coordinates of the marked target on the first plane of the first image are

transformed to the second plane of the second image.

[017] In another embodiment of a system of the invention, the position
20 coordinates of the marked target of the first image are multiplied by the

transformation matrix to identify the target on the second image.

[018] In another embodiment of a system of the invention, the image

processor uses a Speeded Up Robust Features algorithm.
25

[019] In another embodiment of a system of the invention, the image matching

processor uses a Random Sample Consensus algorithm.



5 [020] In another enbodi nent of a system of the invention, the
surface area of the target within the first imge is not nore than
about 10% of the surface area of the first inmage. 5[021] In another
enbodi ment of a system of the invention,5the first field of view of
the region of interest defines a first viewi ng angle and the second
field of view of the region of interest defines a second view ng

angl e, wher @@bg};ﬂﬁarﬁéth& eﬁﬁ%dﬁﬁ?ﬁtﬂ& ¥ ‘s?%k gfr%' |ﬁ§elﬁﬁc§‘n Stﬁé‘%ﬁﬁaé@%"réa of

by I'ess than about 120 degrees from eac I n anot

ermbodi ment e targstsvithin dhe first imageis nohmoméwan abouti ‘r@@eafutlse earfaue adea
by a first qqgf%? Fonnunlcatlon devi ce having an inmage capturing
nmeans. 15 [ 2 i %% her enbodi nent of a system of the invention,
the second inmage is captured by a second nobil e comrunication device
havi ng an i mage capturing neans. [024] In another enbodi nent of a
system of the invention, a systemfor 20 conparing a first_ inmage and

a second i nidgd] ofn anqthgr @’ﬁ‘bQF"m@ﬂté?f@s%yaRﬁ@rcé the inegaien] Bedirstfigld of Niew
first

a'nr ?mb??ﬁ%ﬁ“é&ﬁ I‘TJ%‘?’?nﬁt‘ggéesﬁ\‘jdéﬂhe%hffr?&%@ﬂur%{@ﬁ@e %@d‘?ﬁeé %%%onq field of
i nterest deviewi ofgthe regiost off inerdstadefineevy ssedrd] fiendnig anglgevxmvetngtrtehﬁrst
target in the, region of 25|gﬁerest mar k detector for

gener at i ng 3% &€6RE iViRYGRI G %a%apwcﬁﬁp@rﬁtbéfri@% thanjagouk d 3 flegrees
i mage havi ngo@ S8G6Wefield of view, 6

10

[022] In another embodiment of a system of the invention, the first image is
captured by a first mobile communication device having an image capturing

means.

15 [023] In another embodiment of a system of the invention, the second image is
captured by a second mobile communication device having an image capturing

means.

[024] In another embodiment of a system of the invention, a system for
20 comparing a first image and a second image of a region of interest where a
target located in the first image will be identified on the second image,

comprises:

an image input unit for receiving a first image of the region of interest
defining a first field of view, said first image having the target in the region of

25 interest marked;

a detector for generating a second image of the region of interest, said

second image having a second field of view;

an image processor for extracting a plurality of features of the first and

second images; and



an i mage mat chi ng processor for matching the plurality of features of
the first and second i mages, wherein the first and second field of
views are not identical. 5 [025] In another enbodi nent of the
invention, a method for conparing a fir@% i mge and a second i nage
wherein a target located in the first image will be identified on the
second i mage, conprises: receiving a first inmge of a region of

i nterest defini : I L L i I j i
target in the roh Moo maichiE Brotbatordth pAbing uie by g Br ML Jrife
second i nadestadnd seconddgmagesf i nterest defining a second field of

vi ew, and processing the first and second i mages such that the

mer ked target i nvHehginfthe dirstiausedondiféanbi Viead 8 nohRicreieand i mage,
wherein the first and second field of views are not identical. 15

[026] I n another enbodi nent of a nethod according to the invention,
the surface area of the target within the region of interest of the

first igagenbs N ; ent : .
the {115t Toade 2G0T S A Touient ol ¥ RESHRER, a 9hoh B8 fof EoRRBrAGRE A
i nvention, itnhgefambss seednddnage Whededs achrgatdacdtad dnahéifirst insagy wilbbe
vi ew and a.&ﬁerg&.ng anq%lﬁe of gi.ew respectively, with respect to the
regi on of i igdion [RAeCANdiREoRi CUTPESR e of view and the second
angl e of view are spaced_apart from each other by | ess than abou% 120
degrees. 25 receiving a first image of a region of interest’defining a first field of view,

said first image having the target in the region of interest marked by a user;

10 generating a second image of the region of interest defining a second

field of view; and

processing the first and second images such that the marked target in

the first image is identified on the second image,
wherein the first and second field of views are not identical.
15

[026] In another embodiment of a method according fo the invention, the
surface area of the target within the region of inferest of the first image is not

more than about 10 per cent of the surface area of the first image.

20 [027] In another embodiment of a method of the invention, the first and second
fields of view have a first angle of view and a second angle of view,
respectively, with respect to the region of interest, whereby the first angle of
view and the second angle of view are spaced apart from each other by less

than about 120 degrees.
25

[028] In another embodiment of a method of the invention, processing the first

and second images comprises:



7 (a) extracting a first plurality of features of the first

i mge and a second plurality of features of the second image;

(b) determning a plurality of pairs of features, wherein each pair
of features includes a first feature, fremthe first plurality of
features, and a second 5 feature, fromthe second plurality of
features, that matches the first feature; (c) determining a

transformation nmg) réx%ra@ﬁh@% fike pRIrgitdldf tiyat@beddf fiie ffst IiRagE R a %@Qond
(d) identifying the marked target in’the second image based on the

t ransfor rrat|Fﬁﬁraﬂat®ffﬁathme@wﬁﬁlﬁe$¢ﬁ0tﬂﬁidnmﬁked target in the second
image is identified by multiplying the position coordinates of the
marked target in(l)eetéimisingi saplirality foft pairs rednfeborrest N\meraat each pair of
[29] In another enbodinent, of. a nmethod pf .the in ent

bnd (b) 15 ISERIROHURR g S oY tRe SR AT 8RSt A K econd
[ 30] I'n &noiheiiret fBAM{HEEM oA @%i@eﬁuré@‘%héﬂ’ﬁﬁ%@ﬁhe %F&ﬁ@eé}t@l}e

conpri ses using a Random Sanpl'e Consensus al gorithm 20[031]

anot her enbodi ”?{Li) d@cter"fﬂ'uﬁﬁubhthrQﬁszHﬁaﬁ&Y%thQnushﬁgiecﬂé' @ﬁh}lfﬁg‘g@gepélﬁs of

captured by a first nobi comuni cat1 on device
capt uri ng niembsres; an§ 032] I n anot her enbodi nent of a nethod of the
i nvention, the second imge 25 is captured by a second nobile

communi cati on defd)déentiyinggthan markge tarjetUini the: weamsd imdge based on the

transformation matrix,

10 wherein the marked target in the second image is identified by
multiplying the position coordinates of the marked target in the first image with

the transformation mafrix.

[029] In another embodiment of a method of the invention, steps (a) and (b)

15 comprise using a Speeded Up Robust Features algorithm.

[030] In another embodiment of a method of the invention, step (¢) comprises

using a Random Sample Consensus algorithm.

20 [031] In another embodiment of a method of the invention, the first image is
captured by a first mobile communication device having an image capturing

means.

[032] In another embodiment of a method of the invention, the second image
25 is captured by a second mobile communication device having an image

capturing means.



[33] In anot her enbodi nent of a nmethod of the invention, the target
inthe first inmage is marked by the user using touch screen
technology. [34] This invention may al so be said broadly to consi st
in the parts, elenments 5 and features ﬁeferred to or indicated in
the specification of the application, individually or collectively,
and any or all conbinations of any two or nore of said parts,

el enment s on a cj fd t ; i ;

ner ol n whi 00 Har Foie SRSierRace Metnbl SRk I RiclE tho 38Rt in the
i nvention fiedtdinege is ncdrkéd owihe geevasieg teuchr sorder badhnbtdye
incorporated herein as if individually 10set forth. BRI EF DESCRI PTI ON
OF THE DRAW NGS [35] In order that the invention nay be better
understood and put into practical effect, reference will now be made
to the aCCW“WWIr@éﬂ%@%y 4180 b@%l@'bmadlﬁﬁi cHhEST iR tﬁe'p%rl% SRARIAS
bl ock di agram’of a system for receivin processing the first and
second fraged fegtuiesi fefermed dp gen mdrpaéegeeoﬁh\@ spegiicaiionopd iy applieation,

orocess 1 iR IGIERF EPMath N BBy € A At ol sRERBLTOD S o

t he second saith@eartec efnekitg ctrOfeamréﬁbgdd rmiﬁléreoépédf& nftegmtanenwr@amoﬁ@d
25[ 038] Fi g@re 3 |IIustrates the steps of the im mat chi ng

processor f6FeigivyrayiaNg wﬂ@wé@leﬂbﬁwemiw mln\@ﬁa@n relates,
accordi ng tsgcﬁrpmgmo(g{aa nt%faré h%'%d{ Qg%hng“'v%‘ﬂfaﬂy
ve vView o t

4 is a perspectl Il ustra ono ﬁerre
i denti figi nget foetht ar get in the second i mage according to an enbodi nent

of the present invention;

BRIEF DESCRIPTION OF THE DRAWINGS

[035] In order that the invention may be better understood and put into
practical effect, reference will now be made to the accompanying drawings, in
15 which:

[036] Figure 1 is a general block diagram of a system for receiving and
processing the first and second images to verify a target in a second image

according to an embodiment of the present invention;
20

[037] Figure 2 represents a process flow diagram of the method of verifying
the marked target in the second image according to an embodiment of the

present invention;

25 [038] Figure 3 illustrates the steps of the image maitching processor for
displaying the marked target in the second image according to an embodiment

of the present invention;



5[040] Figure 5a is a view of a first imge of the region of interest
inafirst field of vieww th a target marked according to an

enbodi nent of the present invention; [41] Figure 5b is a view
of a second i mage of the region of inter§:st in a 10 second field of
view according to an enbodi ment of the present invention; [42]

Fi gures 6a and 6b are views of the first and second i nmages,

respecti vel ihaont Flyurdies NG! At pdishetRA ARk eGH eff Hﬁjgﬂgti%%ﬁﬁa'rﬁ@%ﬁhﬁ’f

according to an erbodi ment o e present invention, I gures
7a and 7b aidentifvévgs thef tarpet i thet senotdsieragedacemdimg, tor &s padiadiment of the
with the pl uralit. of .interest points matched according to an

embodi nent BfSER P{‘ﬁf?g@%t i nvention; 20 [044] Figures 8a and 8b are
views of the first and second i mages, respectively, with the
plurality of matched features verified according to an enbodi nent of
the present_invention;, [045] Figures 9a and 9b are views of the first
and secohd iq‘ﬂﬂ];eE!,guz%Sae%ﬁe\d@w\ﬁgwﬂrs&rma@eugf theeregint af inderest if a firsd field

mar ked targ i f] ! p j i i
necor ding 13 A BB el TREReADRERILIG, I o BoREeiEnt 28 e sgrpoont
Figure 10 igventdrgn view of an illustration of two users capturing an
i mge of a building according to an enbodi nent of the present
i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[041] Figure 5b is a view of a second image of the region of interest in a

10 second field of view according to an embodiment of the present invention;

[042] Figures 6a and 6b are views of the first and second images,
respectively, with the point interest detected using a SURF algorithm according

to an embodiment of the present invention;
15

[043] Figures 7a and 7b are views of the first and second images,
respectively, with the plurality of interest points matched according to an

embodiment of the present invention;

20 [044] Figures 8a and 8b are views of the first and second images,
respectively, with the plurality of matched features verified according to an

embodiment of the present invention;

[045] Figures 9a and 9b are views of the first and second images,
25  respectively, showing the coordinates of the marked target in the first image
appearing in the second image according to an embodiment of the present

invention:; and



5[ 047] The present invention will now be described in detail in
connection wth preferred enbodi nents with reference to the
acconpanying drawings. [48] Figure 1 is a block diagramillustrating
a system 10 for receiving and processing a first imge and a second

i mage, whereby a target identified int 10 first inmage can be

di spl ayed in the second i mage. The system 10 includes a detector 31,

an i nmage i Nt 35, r 3 i.spl it
36, & o or A0l lytreo™ 18 £REFENERY et MDY lCted (BeRF gBBt an
preferred ewagdiofariuilding desopding edtani enviesdin@int of il B ht ineyntih.
enbedded within a nobile conmmunicati on device (not shown). Processor
33 includes an i mage 15 processor 37 for retrieving the first and
second i mages and an i mage nat ching processor 39 for activating inmge
mat chi ng alm@fé Iﬁ.E@DE@@F@Ih’W@)N‘Obeﬂ—%m‘@E oy detail below [49]
Di spl ay uni € any type of drspi t he out put of

i nformati ops A ; I NG, . L Led:
to, an LoD op PESaRE RS AL Ak HBHRAR Al 1 Shnhp Sl Hinn
cat hode r apréferedramibddiments Witk réfekencePoathesmoompanying drewingy. i nt ed
circuit board or a processor executing a set of programinstructions
stored on a conputer readabl e storage nedium such as random access
menory (RAM, read only nenory (ROM, magnetic storage 25nedi um or
opt i cal st gude FsHeUMis & Block [ BbraRP lIREkGHIG la ThuteRP RN fotGeBolifly Ghd
that is capabl’'e ot capturing 1 mages, for exanple, a photographic

devi ce, su@hocassingeafitstamalysrandya Sacenthinvagarwyhargby aotargatrdentified in the

oy D2 PGB BTGBt M o PR PRt e P B s o
storage, i getasibmgl, Sutimage ihboi LKiE 3602 PREGBESICIDI a Yémea) 34! hvEisplay

| ocal drive or network drive, or any storage for storing of
i nf or mat i oNitB& AnSEATAEELUNHINS? ransk A Rasnmgnieatior drisriase Hhy In yaereferred

interface f{ ! ; i i e r ﬁ'ﬂfe{&i

or voice nee m&@@@gﬁ;@%l ?erl%rgr]ﬁ\\?méﬁﬂg{ﬁéggyr?@?\@rﬁ]wﬁe tehe |C%§. \q’ﬁ{"ﬁi%
recogni zed nidialke eomenmisatioh devdcardngt sthown). | Prodessar 33viogludies an image
under st and t he nod ?f oqerati n of a comuni cation interface an(g a
dot ai | b0 dBIRGESSPT oA Tk ratiednguin first Gndiecond dmages asd amhimage FrRteng

this inveniigibssdPBOT abiiing image RBRHRS MigBWirPhs LWRiIcA AP DexdidiRed

nmet hod of identifying a targe
in detail below.

[049] Display unit 36 can be any type of display for the output of information in
20  a human readable form, including, but not limited to, an LCD monitor, a mobile
communication device display unit, a cathode ray fube monitor or the like.
Processor 33 may be a printed circuit board or a processor executing a set of
program instructions stored on a computer readable storage medium such as
random access memory (RAM), read only memory (ROM), magnetic storage

25 medium or optical storage medium, etc.

[050] Detector 31 may comprise a device that is capable of capturing images,
for example, a photographic device, such as a camera. Memory 34 can be any

type of memory including random access memory (RAM), electronically



in a second image froma marked target in a first inage. Wth
reference to Figures 4, 5a, and 5b, a nobile comunication device 64
includes a detector 31 (not shown here) which captures a first inmage
72 of the region of interest froma fi rst field of view (step 42).
Mobi | e conmuni cati on device 64 may 15 include devices such as

hand- hel d i mage recordi ng devices, nobile tel ephones, pal ntop
conputers, t S D

65 in fi rstgtl%{rrség[e@t %nZéﬂ?(gly ri@%ﬁgybf EFeédﬁs(gr ézl%mgggﬁﬂ?%@go%’ﬁuﬁ?cﬁﬁ yr&e bt
devi ce 64 ( stoeeldnclutbngkibag not Elmedltoagﬁagmcbn cm‘(m:lal ddvésy, localodrive or
sensor techno,mﬁx nbedded i n, nobi | \E C%ITTTUI’]I % evi c whi ch .20,
converts a I'S Vg R 8dh S(SCPraﬁﬁn A oY PN YO8N g’hﬁpr%‘?u@'ﬁ%"'o“
i mage. The jnparedtd e@&)%%.yveomﬁrfsacengf t)hﬂ? éﬁ)qﬁt@rﬁé@ée% ha®ndBting to a
el ectrical current or signal going through it. Once the screen is

t ouched,5 t heorsprégatioausiwork, \ayichasedaia er wigmaktwtrkngdanhilion oravirdless

pur pose of (RNOTrbefhe B 1R, RopbiBettHEl e o8 o7 &iPon sRllh e an

ordinary skiblid onddretadidt tHehaodebskopelabn 1 4 BBSenHIcAMN |rerface and a
comuni cati on devices may be nade by current enabling technol ogies
and will theplafled Qeﬁ@‘ﬂptt@@ Qféb@r‘fv%éé nok bgdegyired for the 5eppe /T this invention.
preferred formof the enbodinent, the surface area of target 65 is
30preferably l'ess than about 10 per cent of the size of the surface
area of first image 72. 12 [53] First inmage 72 containing marked
target Bb @5t aRigoie Rdsl amiwwviemmﬁihempmof ihet reetreceoBi@entifymgsa target

nobi | e communi cati on .devi c (st Second mobil e cati o
v ce 66 BB Hean imape; fagoa roadey Bhin % A ! Tinde. a9V Rar Sl ase o
and stores Figutdd 2 BBMBAY 5%451 ﬁo%ﬁé%%rHﬁﬁibaWd@vi’c@C& Hﬁudé%eafdeﬁéétor
i mage woul d be unable to verify marked target 65 fromfirst inage 7

as his or héf (neleshpwin hgrehwwbichveapibves ardigsteimagend? afiibesgg®rast tmtemst

of the firs S e c b o] t

mar ked tar gt?'%g fﬁrgé‘g%ﬁb‘):‘n&gpﬂ%‘n sfegq %&ﬂ’a % i%a(gorﬁ,ﬁv%?gflgﬁ dé&’g@ é‘{ ¥nay
consi dersabl iachieundevides | sich | ast lh@iﬂdQTeEdl Qﬂ!a%@ F6ESHAMPT devitsat irnoisile
t he second user may not be able to afford 10the tinme to anaIlee t he

first i mageClRNONgEnPRiiopheompLEREs. RareRe digitab gssistanisdétDAy, and the
di spl ay t heyaar k}@\d e9665 6?1 It ﬂﬁa &Cpadigu rkédf b§! g'ueOfust\éheéﬁ‘f mobile

qui ckly, the secon ser W cap tur a secon I mage’ 7 e region
of inter estcdmmmninazoﬁlcmmmﬁdf\(stew 44t edarking of theainpaigd erayeioe enabled by

nbodi t of the 15 t th te. t
G spl ay. marUE CSErger TG TIHCRhETIBSRY ISR CAPIEPRG e i which
second JoTRG&HverfsPHRRUH a @c;%ehcbrarjﬁQHlttorﬁo%ﬁﬁar@ﬁg%ﬂdpérfrﬁ%e?ﬁngb' IThe

be conpared with first inmage 72 stored in nenory second
conmmuni cat i ioncd¢ospnsh surdadeneiibertauchisnrpanr aess ele@dcq] suepnt 8) 3|gnal

Izggggl g?;g Oécﬂﬁg %J%@ﬁﬁrxt. d@ﬁge%egéer%%ne}g ttoucaﬁt %dthe\’\@t':r%te‘n calulseg % voltage or a
signal change which can be used to determine the location of the touch fo the
screen. For the purpose of this invention, it will be understood by a person of

25 ordinary skill in the art that marking of an image on mobile communication
devices may be made by current enabling technologies and will therefore not

be described in detail.

[052] In a preferred form of the embodiment, the surface area of target 65 is
30 preferably less than about 10 per cent of the size of the surface area of first
image 72.



[ 55] Image mat ching processor 39 will conpare the first and second

i mages (72 and 74) by extracting, matching, verifying, and
transformng the features or interest points obtained fromthe first
and second inages to display the narked1 5 target in second i mage 74.
Second image 74 will then appear to the'“user with the target marked
for identification (step 47). [56] Figure 3 is a diagramof the
steps i nvol i C 3 iag

preferred égg\gdllﬂrgk e{rﬁfefrénd&gaﬂng %%I%H %?@%ﬁgégt%pgra\a\nsﬁ tteéjo ya a

expl ai ned mndamanbhtuwn irerfaieeB@nca Samohbenrbbfratoranmnm»ondjevmgm (step
Fi gures 0 9b. Thgujgr esent inyent | oys. a Speeded Up

Robust Feat‘@res e8Rg) Mabifo ONHA RIS EaN icer elRSRIVEse F&r'%‘@gﬁr@nwa
the first apdqs %&ﬁ%mtﬂwgﬁeaa@ Iéﬁd 2g&rgs%u% ﬁﬁ'e%rgtdgmcf("%éccf)hc{)%erwho

present ed by rbert Ba SURF:  Spee Up Ro
Feat ur e§", r@cwce&dnm@nstomagbawmmdttbe Hoableetonvérifgonfedniaeget ro Tinopu fiest
Vi si on, May 200 ratfieggggrel n b ref erence

. \-I)\:;ﬂ% SURF
al gorithm N%‘age 8 ghd! e&é@%?f‘sﬁa i TR SPHE et gl
i nterest thé"i‘lréiEﬂséﬁt 'A@t'ho@gﬁ the abbbRd B8 raRt i aﬁmnﬁenﬂ@%érkﬁﬂ%@t
many traditional corresponding feature detection methods, "SURF

features a® basgslioedhedisddmage: Hys soay tﬁkea@momldmiaa ARl tlme In

reot angul at o TaPsiors g ealihg s SkPrb Vet TRLY B sRcaRe dai
t o muchof ashe timeotoandyre perfirsf irrreearnicidenti@tiie dbiet qukklyods wi t hout
conprom si ng performance. 15[058] In order to find correspondi ng

mat chi ng features between two simlar inmges, a SURF (Speeded Up
Robust Features) algorithmis used. It is a scale- and

rotation-i o8y ] @Hbrdé}ttsrd@%itaPﬁié’haﬁ@oe@ gt sk tﬁét%%gbﬁa esers Aeflof view

First, interest points ( and 84) are tected a Istinctive
| ocat i ons iquickly,tthe secael LsacMlﬁiscaptbmme55$e¢ﬂrmbynagad74rqflﬂ1et iegien of

For t he purnose di sc i, 0 the teres

Feat ur oo TIRES SRR S R o URBT AT g o Bt BT R riendiignt of the
det ect 95) lp?eét%ﬁeiﬁv@ﬁhdrhethbaépﬁroﬁmﬁ)étéxinﬁ@t loOE![s@iayI Afarkéd  lrget HE® $h aRe
rratrlx and nakes an efficient use of inte ral es. Gven a point X

= (x, y) ireannd fagee uponheapiesRy dhe pecen ‘mﬁgﬁ 'ﬁt rogie Abeut 8.2 8yabpHied
as follows: 'sec. Second image 74 will be compared with first image 72 stored in memory

34 of second mobile communication device 66 via image matching processor
39 (step 43). Image matching processor 39 will be activated, which will be

20 explained in further detail below.

[055] Image matching processor 39 will compare the first and second images
{72 and 74) by extracting, matching, verifying, and transforming the features or
interest points obtained from the first and second images to display the marked
25 target in second image 74. Second image 74 will then appear to the user with

the target marked for identification (step 47).

[066] Figure 3 is a diagram of the steps involved in image matching processor
39 according to a preferred embodiment of the invention. Each of the steps will

30 be explained in detail with reference to the first and second images in Figures



H(x, cr) = L(x,cr) L(x, cr) Ln(x,c)_ wherel, ., x(x, 0-) is the
convol ution of the Gaussian second order 14 derivativeu a(c) with
the image | in point x, and simlarly for LAY (x' a) and ax2 5 [060]
Wth reference to Figure 3, a feature eﬁéractor 52 extracts features
82 and 84 (or interest points) fromfirst inmage 72 and second i mage
74 of the same region of interest, both taken fromdifferent fields

of view or xiew a i g ' LAavientd S
" Fi gures T GLAPSaN% Bresed] RcRARPIITIOlS Bl Spepdray D RaRdt et
of the bui | GUWRRF) Eiggutten 3aextradt edevand féatargs ramnthy flost arak sacdndimades

ri ght side e_sa I 1 di (Figure 5b). [Feature extractor 52
berfor m mor G HanTORG YA HTimoten T pressnted Bteroarbay ecel S PH0S
detection argjREBABYHEEIEEITH RSB FeAthRILS Pra@idtingle bf thé Qinfie ERFdSean
interest points in an image according to conditions preferably
5 Conference on Computer Vision, May 2006, incorporated herein by reference.
The SURF algorithm is a robust image detector and descriptor which includes

an interest point detection and feature descriptor scheme.

[057] Unlike many traditional corresponding feature detection methods, SURF
10 features are computed based on the sum of approximated 2D Haar wavelet,
using integral images. This allows the computation of rectangular box filters to
be near constant time, therefore leading to much faster computing performance

than many other methods without compromising performance.

15 [058] In order to find corresponding matching features between two similar
images, a SURF (Speeded Up Robust Features) algorithm is used. It is a

scale- and rotation-invariant interest point detector and descriptor.

[059] First, interest points (82 and 84) are detected at distinctive locations in
20 the image, such as corners, blobs, and T-junctions. For the purpose of
discussion, the terms “interest points” and “features” are used interchangeably.
The detector (Fast-Hessian detector) is based on the basic approximation of
the p(x,o) Hessian matrix and makes an efficient use of integral images.
Given a point x = (X, y) in an image |, the Hessian matrix in x at scale © is

25  defined as follows:

H(x.0) = [LH (x,0) ny (x, cr)}

L (x,0) L, (x,0)

where L (x,0) isthe convolution of the Gaussian second order



15 reproduci ble under inage variations such as variations in

bri ght ness and perspective. The nei ghborhood of each interest point
is described as a feature vector. These feature vectors are
represented by feature descriptors and ﬁ%e preferably distinctive. 20
[061] Figures 6a and 6b show an exanpl e ©of the SURF al gorithm
detecting the interest points (82 and 84) using the "Fast-Hessian"
detector. In a preferred enbodi nent of the present |nvent|on he
SURF f eat uderightipay i t & éthuthed magedxn padntt xa ahtlrsinilaty foal |‘t§/ and
features 82 (f |nteag%§aé0|nts) of the first inmage (Figure 6a) and a
second plurfal§)of features 84 of the second image (Figure 25 6b).

Fi gure 6a shows exanpl es of the types of features that nay be
detecteg fromthe image. For exanple, these may be the corners of the
bui | di ngs, the corners of each of the wi ndows, or the trees. [062]

Next, each erv?ﬁtli rQ}%ﬁ’(%\‘ﬁﬁ F@Q@gﬁg%gﬁ% d%?@gﬁé?%ﬁ' QHFéc‘i’é‘ f@étu#&a&

30 wavel et ponses W arere
cent ered aracmtjn8l4t(be Imtat@thnntapifrmn ifisstf |h'f&3;d Vzcmmuomdadma@bem ofhlee

region is split u ul ar | |n r. 4 x 4 uar e o
sug regi On§%n’;e0,re QEhOfs ﬁeéb 125% ,rora, ﬁtgﬁgerrgn ig%égc‘{!ﬁwt @ viewing
vector v i %ngH—:'sI tIn3h éﬂbbﬂﬁ’ﬁent‘bfﬂe 1roe‘Fl|§ESH s, %OW?'?fneFlgu?é%dSéjaﬁfl {%bafii;(st

wavel ets responses. 5This results Iin a descri pt or vector for
4 sub- iégi imagef72 maythe BkenJmwm aclefti sideoéthe poilding i(Biguepbas ant egcbyd

a 64- dlrrensmnal vecto Far t.h target 65 .in Flgure_Ba

in accor dafBa9%i tth éﬂﬁ%ﬁﬁrhﬁ'ﬁfn e f’ﬂﬁtsn% ‘gfd Ft@'igl%ﬁ&f'glér u?@

vect or Dlx%aﬁjrberﬁ’éctoQ 5B imay Opttdm -HoAdGhan - oﬁb FdActiord- ddéh as, for
0. 335, -0.125].

example lnterest point detection and feature description. Interest point

detection detects interest points in an image according to conditions preferably

15 reproducible under image variations such as variations in brightness and

perspective. The neighborhood of each interest point is described as a feature

vector. These feature vectors are represented by feature descriptors and are

preferably distinctive.

20 [061] Figures 6a and 6b show an example of the SURF algorithm detecting
the interest points (82 and 84) using the “Fast-Hessian” detector. In a preferred
embodiment of the present invention, the SURF feature algorithm may be used
fo extract a first plurality of features 82 (or interest points) of the first image
(Figure 6a) and a second plurality of features 84 of the second image (Figure

25 6b). Figure 6a shows examples of the types of features that may be detected
from the image. For example, these may be the corners of the buildings, the

corners of each of the windows, or the trees.

[062] Next, each interest point is represented by the distribution of Haar-
30 wavelet responses within its neighborhood. Here, a square region centered

around the interest point is firstly constructed. Then, the region is split up



[63] Once the first and second plurality of features (82 and 84) are
extracted fromthe first and second images (72 and 74, respectively),
these plurality of features are natched by a feature nmatcher 54. The
plurality of features is represented by §he descriptor vectors
obtained fromthe SURF algorithm 15 é ] The descriptor vectors are
mat ched between the two i mages. The natchrng is often based on a

di stance be e

Eucl i dean dlfés@t%gér?trlgtelonéﬁfg”@F %ex %gé Lg‘aksirtérglglllgr Iglgz) NPE?E%?:@%F{E rlégron, a four
mat chi ng stdlateegsjpnaédasewptochtamvraqlvre!t@etfohmumt 82 in the first

i mge, its 20 corresponding interest point 84 in the second inmage is
found if DA - Dr Dc < 25y ngetil Jg and Dc is the second
near est nei ghbor to DA, an d threshold. 16 [66]
Once the pairs of natchrng features 86 fromthe first and second

i mges are Wﬂ@r@d féﬁ‘dj’ rbhewal s r‘és}ﬁoﬂge tched descriptor vectors
o}

are used t etermne or conpute a trans OI’I'TB.'[IOI’] matrix M The

transf Ogﬁitfﬁge i % %Qgér}f%ﬁ\g\%\cstﬂ&@ Eﬁtﬁ %\Aﬁ%%ﬁérjeatogt%dofi&?gtﬁ %0 each

i mage | ermned-as

t r ansf or natinterestapainkisVepresaateet ivy bad-diaterishengd wepes eD ok, PFOF thet invflad
transform nt%{pa first pI ane of the first image into the second pl ane

of the secd Ry & FlayER 63 inrageoranas VR %emb@drreerate@fetrrrﬁ waaniien.dis
56), the maétﬁﬁtf Eu%r ggétohrb he—f@' 6?1 '@f% '4@9, Q. 1?%9 T, Sé% ) 398,
or rre tep

will be trans into t &con ane o e sécon

58). This al.B34s-khgblpositi on of the marked target 65 in the first
imge 72 to be displayed as the sane marked target on the second
image 7 even if the viewng angles of the region of interest in the
first and second images are different (step 57). 15 [68] In

accordance [06Bh @nes ﬂ’ﬁeﬁfrf&@n@@&dhﬁ?ﬂ@raﬂf éﬂ"[%atd?é@'('gjl @Rd 84)are extracted
transformation between first inage 72 secon image 74 is assuned

as a 3 x 3 fQ@ﬁ@ﬁJﬁfﬁ’aﬁnérﬁaﬁiﬁﬂdrlma@B@ ([@8npid &4 hespaddiMelybrthase aiurality of
Matrix M3X3ep d 5@&%%9 @RY AP kSatiRethdibnd BAET PhE SHuRTRPE TRt is

this inventTon -Tnner
represented by the descriptor vectors obtained from the SURF algorithm.

15

[064] The descriptor vectors are matched between the two images. The
matching is often based on a distance between the vectors, for example, the
Mahalanobis or Euclidean distance. Here, the Nearest Neighbor Distance
Ratio matching strategy is used. For an interest point 82 in the first image, its

20  corresponding interest point 84 in the second image is found if

”DA “DB”

<T
[P+ ~De]

25 where Dg is the first and D, is the second nearest neighbor to Da, and 7 is a
pre-defined threshold.

[065] Figures 7a and 7b show the found plurality of pairs of matching features

86 with 7 = 0.88 in accordance with one embodiment of the invention.



20 i.e., the plurality of pairs of matched features, wll be
retained. Qutliers, the plurality of pairs of features which are
unabl e to be matched, are then recogni zed and renoved. [69] The
RANdom SAnpl e Consensus (RANSAC) al gorithmis enployed to 25 verify
the plurality of matched features and is an estimating al gorithmthat
is able to work with large sets of putative correspondences. The best

way to det @é@g”?}ﬁd&%& r@a{‘rléfd?rrﬁﬁtkh% B Sé]ff)qu%ﬁe h?sttaﬂ H& ‘?‘m%es

for all |l e co ons, Verrfy ever
the corr es [2o@ themtifiedd the tlbmlibest mmmheﬂl MCnpmr vﬁamrse!re fuseelttcn «ﬂetermme

rocedures may be done in different 30, The. RANSAC al.gorithmis
B hypot hosi%t CRIPUWE A FRRIIOHTELRN FHIX B Tt lrensiammatiary matex M Hiefween

way. | nsteggs ﬁfst%%?i@ém—ﬁ{é yeamhma@etmr.@%faeﬁﬁ.ﬁsa bstibiqwgh the

possible plurality mat ched features, I't selects its correspondence

points randomy and then conputes t tr &r mation matri x and
perfor the verifications. The RAN —‘a@*' ghm repeats this

procedure for a certain 5 anount of tines and decides to use the
correspondence set wth the best verification. O her such algorithns
that may be used are | east nmean squares (LMS) and

oo et TOSA RSB EIE RR ™ DS Rreriicd &or H' WipBRs M ibrdRctively

conput ed | frapsfirehiey &eisteBes of e fiet irhAge iry ené kefondiaMnB®f the second
determ ned t he pl ural ity of features fromthe SURF al Eﬁmalth t he

RANSAC al g&np@®m WNCE adansiermation matdx is determingd pistanaioii, h@r n}ﬁ;k@%
f d d |
of mateghe té@é} 4 @fe Gfst ﬁ‘ﬁade{]ﬂhﬁ%‘to% aqél‘py EﬁlS@% iw;neéef ltr%ngtogf'h it the

and 8b.  The I'iers, ' 1.e |"ur ures
ei ther do Betommtpdztnenbf m@smmhd nage bstepS58iat Thisdsllowd thebposition of the

bod ment MATKERdBIAE T 15 B 0% b 1 i SRBIENEE: B THa CAME piake
det er m ned4@ePen hedP28corR Médge 174’ 8lelBX IR Ui 99963 BRlregion of

interest in the first and second images are different (step 57).
15

[068] In accordance with a preferred embodiment of the invention, the
transformation between first image 72 and second image 74 is assumed as a 3
x 3 transformation matrix. To compute the transformation matrix Msxs, a
RANSAC algorithm is used in a preferred embodiment of this invention. Inliers,
20 i.e., the plurality of pairs of matched features, will be retained. Outliers, the
plurality of pairs of features which are unable to be matched, are then

recognized and removed.

[069] The RANdom SAmple Consensus (RANSAC) algorithm is employed to
25  verify the plurality of matched features and is an estimating algorithm that is
able to work with large sets of putative correspondences. The best way to
determine the transformation matrix Msxsz is to compute M for all possible
combinations, verify every solution, and then use the correspondence with the
best verification. The verification procedures may be done in different ways.

30 The RANSAC algorithm is a hypothesis and verifies algorithm, but works in a



20[071] Finally, once the transformation matri x M3x3 has been

determ ned, the marked coordinate P (x, y) (represented by the star)
on the first image Is, its corresponding coordinates on P (x', y') on
the second image, IR nay be obtained by19he foll owi ng formul a:

=M3x3 X 18 building 62 on fire is shown where sonme of the occupants
have been trapped within the building. A rescue operation team or

firemen maygigerhk WA SHRRS BYFELyé?éMﬁceiuk \iNErI!?ﬁ’gﬁ] tﬁﬁi\v/&@ﬂg!t?%f)fthidubﬁ%

to be di spersed away from each ot'her as they eac er ent
rol es in engospiieyplsidliataf omsicheds featums, \ihselobe stsScomegpmedience points

occupants on certai |l oor within a certain unit will w sh t

cCormunt cat JRAPETY ALY 4EET HPTRIGENER FERsRMAYOh, a and porfms the
m sconmmuni c@drifRBtiGNS  Tike NRANSHE a‘-’r%&ﬁﬁrd Repdlts Hhid prddeditire T6r R ¥ertain
capture an inmage of the buildi r_lgewl h his nobile communi cation device
64 and rfar kampent af gees and. dedicenilndne die heeBpengsneg aplemétht the best

col | bagues. TeaTpELUEF shif AREanEl v AR LSRR e el aneen mgyares
74 of the b(tILM?m:if%@ﬂhﬁdﬁrﬁoh@qmregmewhasl)mh@ﬁbwth a nobile
conmmuni cation device 66 enabled with the system of the present

i nvention, and an i nage processor 37 sends the second inmage 74 with
the marked target 65 displayed on his or her nobile conmunication

devi ce 66. [ i gur i I ] LikiStin ;
captured by[ét%R]e @é%“é{slt g? %%%%bngepg@?ﬁﬁmf ﬁ]égheowv\’?igévﬁgpét e rf(gﬁri]ac}lr?n
of i nt elfestmafixglt & Sbmpitech imxaampéferet] embodecentdof theeyinvahtioapt tHaeohg

DY 2, Second ettt v Suall 3rEeRs e dsR' R b, b NG
algorithm will determine inliers, i.e., the plurality of pairs of matched features

88, as indicated in dotled lines in Figures 8a and 8b. The outliers, i.e., the

plurality of pairs of features which either do not match or are unable fo be

15  matched, will be recognized and removed. Using Figures 8a and 8b as a
preferred embodiment of the present invention, the transformation matrix M

was determined {o be:

1.003 —0.007 —1.781
M,, =[0.015 0994 3.633
0 0 1

20 [071] Finally, once the transformation matrix Max; has been determined, the
marked coordinate P (x, y) (represented by the star) on the first image lg, its
corresponding coordinates on P (x', y') on the second image, Ik may be

obtained by the following formula:
x' X
V=M, x|y
1 1

25 [072] Figure 4 represents a situation where the method and system according

to a preferred embodiment of the present invention may be employed. A



20 of the first detector and the second detector where the first and
second i mages, respectively, are captured. Preferably, the first and
second view ng angle A should not exceed 120 degrees. [74] There may
be instances where a user, upon recei Vi the first image in 25 his
or her nobile communication device, does’ not know to which buil ding
the sender of the first image is referring. This could be due to nore
Lhan one PHibhR%2 M8 shbiR WilefSRe dirhe 2 SRR TRA! peln WbBed
i nvention. Tnsdc ance, en1prefera y 1S equ

w th a gl okdthipdss buitdingg A yssoem (ﬁ;@?S);oré ttedim sdyofins ) enomeg therat ’elet mene

| ocation of_the bwldln mtp first ge, It 38 | so incl
magnet onet dYPially i a‘%n@%t Yrysya ﬁ%@mgﬁé&fﬁ?ﬁ {igperse @M%{f? RGN %ﬁs
at whi ch tfeﬁerg%g eocgﬁ@@nmm o er&;n%é} shh?m:n{é kaefnreﬁgmmmé%ots

that the ter Vi ew ng” angl e are us
i nt er changdeppedi nccllqmrﬁanmexa oértaine fldes cwitiini an ceftairhiwniti ik nvisbin to

Field of viewin the xt of t i nvention_is defined as the view
of “the r egeOBIMBAE T uTpmdlion it Qi B Rl vart, AsEapRURioAgon
the det ect @ihdothd HREE %ﬁ@ﬂé’éb”ﬁ R Rfuatié She ﬁﬁﬂ? cEH;:%z%”bn' bPRhe

has been described above with the aid of functional building blocks
i|lustrati myilding with hisn@ebie icomraanisalian teice Bdcandmarkdhardarget, i.e. the

ol ocks. nave NN P i PRARHER st TaBoet A%EdocdRcieoRnB AhlgPand

the detigi | gdndeisasigiilcagued) tRrqmibbyee heusides iths :ﬁmgebe;a@afrbseed sgeond
|l ong as the specific functions and rel ationships thereof

appropri at énadpef4 gfnthe bukdipg7irpmamtese gre tCH'eSh?n)éHPP@Wdh&@hbéeWOb“e
h h
erein s Oangﬂ‘gr e?er ; eg@@g%'gg é’r‘%ﬁed with B € é“(@Fﬁ 6ﬂh§eﬁ) %g%tgﬁ\setntlon and

practi cal RalE: cogm ze rtutes
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[073] Figure 5a is an example of the first image 72 captured by the detector
showing a first field of view of the region of interest. Figure 5b is an example of
the second image 74 captured by a second detector showing a second field of
view of the region of interest. Figure 10 represents a plan view of the locations
20  of the first detector and the second detector where the first and second images,
respectively, are captured. Preferably, the first and second viewing angle A

should not exceed 120 degrees.

[074] There may be instances where a user, upon receiving the first image in
25  his or her mobile communication device, does not know to which building the
sender of the first image is referring. This could be due to more than one
building being on fire in the preferred embodiment of this invention. In such an
instance, the system preferably is equipped with a global positioning system
(GPS) (not shown) to estimate the location of the building in the first image. It
30 may also include a magnetometer or a range finder (not shown) to estimate the

direction at which the detector is pointing.



20 apparatus. [078] "Conprises/conprising” when used in this
specification is taken to specify the presence of stated features,

I ntegers, steps or conponents but does not preclude the presence or
addi ti on of one or nore other features,1§5integers, st eps, conponents
or groups thereof. 20 CLAIMS: 1. A systémfor identifying a target
on an image, which conprises: a first image input device for
receiving a first imge of a region of interest 5 defining a first
field of view, said first image input device being capable of marking

a target in reagi on of intergst ,an ndi he first. . e_wth
the target EPki M B8 rlod il i oAn R R boralvcehd creRERE M nare
a second i negRl Plerchand&iipm Bfe dotitexiasftihe gaberistReOGthisTRYENtRT. | PieRDof
a second field of view, and 10a processor for processing the first

and second YifWgastheocemigkt ohdhisainyentiomis defiaed tasetha Vel oidge region of
I dentif 'SGd iﬂfbr&@teassggﬁﬂped ﬁllezﬂ‘?image with respect to the detector or image capturing

means.

[076] The present invention has been described above with the aid of
functiénal building blocks illustrating the implementation of specific functions
10 and relationships thereof. The boundaries of these functional building blocks
have been arbitrarily defined herein for the convenience of the detailed
description. Alternative boundaries can be defined so long as the specific

functions and relationships thereof are appropriately performed.

15 [077] Although the invention has been herein shown and described in what is
conceived to be the most practical and preferred embodiment, it is recognized
that departures can be made within the scope of the invention, which is not to
be limited to the details described herein but is to be accorded the full scope of
the appended claims so as to embrace any and all equivalent devices and

20 apparatus.

[078] “Comprises/comprising” when used in this specification is taken to
specify the presence of stated features, integers, steps or components but
does not preclude the presence or addition of one or more other features,

25 integers, steps, components or groups thereof.



wherein the first and second fields of view are different. 2. The
system according to claim1, wherein the processor conprises: 15an
| mge processor for extracting a plurality of features of the region
of interest fromeach of the first and 2qu]cond i mages and an
i mage mat chi ng processor for conparing d matching the plurality of
features. 20 3. The system according to claim2, wherein the inmge

processor t S afirst plurality of features of the first inage
and a seco%&@ality of features of the second inage. 4.The system

according to claim3, wherein the inmage nmatchi ng processor 25
determnes a plurality of pairs of features and wherein each pair of
features includes a first feature, fromthe first plurality of
features, dnd a’AS®EEM fPeidentiving ? rroehen S8dBIAgep NG sarypises:
features, that matches the first feature. 21 5. The system accordin
to claim4, wheadiral imags inagedenes Mrigepivinges Bt image angealomfmt@res

oi'ur a1 oy 9P EinEr €' Gt fel b 0. AR ST 1 Pbp P fif BRUICBTOOAE canae of
I mage and an&kignd tplgann die rdglos ef omeréstagrl sssdidgttes Mirstethage with the

The system according to claim5, wherein position coordinates of the
target marking;

a second image input device for generating a second image of the

region of interest, said second image defining a second field of view; and

10 a processor for processing the first and second images so that the target

marked on the first image is identified on the second image,

wherein the first and second fields of view are different.

2. The system according to claim 1, wherein the processor comprises:

15 an image processor for extracting a plurality of features of the region of

interest from each of the first and second images and

an image matching processor for comparing and matching the plurality

of features.

20 3. The system according to claim 2, wherein the image processor extracts
a first plurality of features of the first image and a second plurality of features of

the second image.

4, The system according to claim 3, wherein the image matching processor
25 determines a plurality of pairs of features and wherein each pair of features
includes a first feature, from the first plurality of features, and a second feature,

from the second plurality of features, that matches the first feature.



mar ked target on the first plane of the first imge are transforned
to the second plane of the second imge. 10 7. The system according to
claim®6, wherein the position coordinates of the nmarked target of the
first image are multiplied by the transEqrnation matrix to identify
the target on the second i mge. The system according to
claim 3, wherein the image processor uses a 15 Speeded Up Robust

Feat ures algor | LR o Gem AERbA AARPEMAG S Pl AldmatIBis bibdoigey

|mage mat chi ng proce SOr uses a nsen
10. The systiaoiugdesa diabgx bmid)érafbmdbterMIemglmtt‘ahefosmafsmenamgaaasbdtmethe

t ar get V\nthlntheflrst ge i s not re than about, 10% of the
surface ar ddUGRIItY |98 Ffé\fﬁss@g?ef?é@r@s Mh el"ggys?yi‘f%nﬁ’ IzBe *fatnggfits itegenand a

wher ei n thesédornﬁé:fléh@bfjﬂ'%fséﬂo‘ﬁ\ﬁlﬁ% % Fify(%%ﬁgd of interest defines a

first view ng andl e and the secon I ew of the region of
|nterest5 defines a second view ng angle, whereby the first and second
vi ewi ng angl es are spaced apart by |ess than about 120 degrees from

O "B. 22 The system according to claim 5, wherein position coordinates of the

marked target on the first plane of the first image are transformed to the second

plane of the second image.

10 7. The system according to claim 6, wherein the position coordinates of the
marked target of the first image are multiplied by the transformation matrix to

identify the target on the second image.

8. The system according to claim 3, wherein the image processor uses a

15 Speeded Up Robust Features algorithm.

9. The system according to claim 4, wherein the image matching processor

uses a Random Sample Consensus algorithm.

20 10. The system according to claim 1, wherein the surface area of the target
within the first image is not more than about 10% of the surface area of the first

image.

11.  The system according to claim 1, wherein the first field of view of the
25 region of interest defines a first viewing angle and the second field of view of
the region of interest defines a second viewing angle, whereby the first and
second viewing angles are spaced apart by less than about 120 degrees from

each other.



12. The system according to claim1, wherein the first inmage is
captured by a first nobile conmuni cati on device having an i mage

capturing neans. 13. The system according to claim12, wherein the
second image is 5 captured by a second bi | e conmuni cati on devi ce
havi ng an i mage capturing neans. 1454 A system for conparing a

first image and a second image of a region of interest where a target
| ocated in_the first image will be identified.on the. second 10i.na
conpr i ng: 12+ ThetystaRaeebiiine T sy brvbEeut e s TRrge s FaEtEpy
the regi on gfrst MbeNESbMihinibatitth devicd Bavihglrtintigevéiturisghibani! st

i mage having the target in the region of Interest marked,

a detector for generating a second i mage of the region of interest,
said 15 second i nage having a second field of view, an i mage

processor far eﬁﬁw%a%%ﬂé% aaéHo‘Hcﬁiﬁé' toy cc?%inf ep Ulpsrdh Hée sfe'cbﬁé ﬁr[ﬂ%g% is
second i nmages; an an 1 nage mat chi ng processor tor nmatchin he
plurality ebpfurad byessedoricheobileé £bmanuhisasiiomdevicabesing2iwinesigs captheng
first and second field of views are not identical. 15. A nmethod for
conparing &'%3"st image and a second i mage wherein a target |ocated
inthe first image will be identified on the second i nmage,

conprising: 25receiving a first image of a region of interest
defining a first field of view, said first imge having the target in
the regi onl1df i At eyséem Teacrewappga fiseimageand a seconst ivraassdihg regien of

first and SSERNJLIIROCS RIS TalhRh i i FRE RSod R1iPSE iddhihB o ih&'secona
10 image, comprising:

an image input unit for receiving a first image of the region of interest
defining a first field of view, said first image having the target in the region of

interest marked;

a detecior for generating a second image of the region of interest, said

15  second image having a second field of view;

an image processor for extracting a plurality of features of the first and

second images; and

an image matching processor for matching the plurality of features of the

first and second images,

20 wherein the first and second field of views are not identical.

15. A method for comparing a first image and a second image wherein a
target located in the first image will be identified on the second image,

comprising:

25 receiving a first image of a region of interest defining a first field of view,

said first image having the target in the region of interest marked by a user;

generating a second image of the region of interest defining a second

field of view; and



wherein the first and second field of views are not identical.

516. The net hod according to claim15, wherein the surface area of the
target wthin the region of interest of the first imge is not nore

t han about 10 per cent of the surface arga of the first imge. 17.The
met hod according to claim 16, wherein tﬁ first and second fields of
10 view have a first angle of view and a second angle of view,

;gspect vely, w {)ltbc%%iﬁﬁcthetfﬂslt D& rs%%ﬁq@ itﬂ%gggts%rcﬁ%at Ym:eh??k'e& l?zt?rget in
irst angle of view and®thé second angle of °View are spaced apar
from each otredirsbiyndgesis itidnatificdbnuthelst@onddimage, 1518. The net hod

according to claim15, wherein processing the first and second i nmages

conpri ses: whéin &g fikebhdGedohd fiskd oF vigvad bk nefidkemddlr es of the
first image and a second plurality of features of the second i mage;

(b) determining a plurality of pairs of features, wherein each pair
of 20features includes a first feature, fromthe first plurality of

features; apgl a ?ﬁ@%g’[ﬁoﬁaﬁg&ﬁ'd'{r{g}[ RN S8C AL B u;l‘?é isk_u)’fagé area of the
features, that matches the firs eat ure; Pc determning a
t r ansf or nat feogetmaitininXhe segigntdfanigdrestadfi thg fivst ipeagesisafotfreatauttes; atend 10

(d) identifying the nmarked target_.jn_the second i nage based on the
25transforné?ri%7‘tr?gf}?ef §gr$ace are%/ﬁéb%if'ﬁqt'mégﬁar ked target in the
second image is identified by multiplying the position coordinates of
the marked target in the first inmage with the transformati on matri x.

17.  The method according to claim 16, wherein the first and second fields of
10 view have a first angle of view and a second angle of view, respectively, with
respect to the region of interest, whereby the first angle of view and the second
angle of view are spaced apart from each other by less than about 120

degrees.

15 18. The method according to claim 15, wherein processing the first and

second images comprises:

(a) extracting a first plurality of features of the first image and a second

plurality of features of the second image;

(b} determining a plurality of pairs of features, wherein each pair of
20 features includes a first feature, from the first plurality of features, and a second

feature, from the second plurality of features, that matches the first feature;

(¢c) determining a transformation matrix using the plurality of pairs of

features; and

(d) identifying the marked target in the second image based on the

25 transformation matrix,

wherein the marked target in the second image is identified by
multiplying the position coordinates of the marked target in the first image with

the transformation matrix.



24 19. The nethod according to claim 18, wherein steps (a) and (b)
conprise using a Speeded Up Robust Features al gorithm 20. The
nmet hod according to claim 18, wherein step (c) conprises using a 5
Random Sanpl e Consensus algorithm 21. The nethod according to claim
15, wherein the first inmage is captured}%y a first nobile

communi cati on devi ce having an image capturing nmeans. 10 22. The

nmet hod accqrdi ng-,.to_cl,ai 21. wherein.t second i.m IS ured b
T cooond. moE) oot hEraBrl-Chtin 08, SFERER 18BY al o ARL ShbEnge
23. The net hethgs Spedtsd UPRebastFbturashagiitAnt.he target in the first
imge 15 is marked by the user using touch screen technol ogy.

20. The method according to claim 18, wherein step (c) comprises using a

5 Random Sample Consensus algorithm.

21.  The method according to claim 15, wherein the first image is captured by

a first mobile communication device having an image capturing means.

10 22. The method according to claim 21, wherein the second image is
captured by a second mobile communication device having an image capturing

means.

23. The method according to claim 21, wherein the target in the first image

15 is marked by the user using touch screen technology.



