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BASED | NTERACTI VE DI SPLAY SYSTEM AND METHOD THEREOF
warembdosads t he | nvention [0001] The present i NVEOL/SOW08/000070

relates to a user interactive conputer controlled

di splay system Mre particularly, it relates to a

systemthat enploys a |aser pointer based interface

to control the display of conputer- generated inages.

IEASKBRORVTER BASED JOETHR AG TINBRISALAY S Y VoA NDMETHOD

i ncreasingly popular for fygpegy use, at work or at

home. Conputer generated inmages are commonly presented

to a large audience by optically projecting these

i mages onto a proj ect iFdld € fiRnventidrier act i ng with

these displays requires different formof control

than for a classical desktop conputer. Avail able nmeans
[0Q0AL| ude t Blifc Rreseisinvertionpeghtes 1 agier dnteractyhicemputes controlled

B e T A T
intedfa@gnicbntes] thydisplay of cdthpeaer- igheeratedimales.abi 1 ity of

gesture and speech recognition systemand the
relatively high price of large touch displays, a |ot

of research is currenghyké@aHdoRththveRgss Poi nter
based interaction system [0003] In respect of a

typi cal | aser-pointer based interactive display

[odb¥fL em 13&%2@?5?18 QiapY gfcréaﬁngﬁgéhsﬁg?hé%p%@{yaﬁ% Ws@SK" work or at

spot onto t p ected | mag yed on"t
hopreojGmtputer geerated.imiipes hwes eomspoly peeselgtddveal limge aaudience by
/i deo canera;, and the acquired..information .incl.ydjn .
opfil SR e des R Prasstoh sPEot R aetin Syth 10 displays
redui®s AEEREtEForm OARHAIN tha® firl0¢lhdsial &Rtopl coRdpi¥erOA vhilldble means

_ conputed generated i mages. [0004] The performance of )
inglyde [tepshr sqpsitive epangh s bghtietactrpnict pans, diseplpoyntesss perpther wireless

n.reliahi | Ly, of,]laser spqgt detection, A ..
raBEREL AP B, S e lascet R bRBl ] R Broigopgystems

Giad ehetlowirgieatilith Yoftdestuted &Rl speeudi rebspniticl] 8ctcatlandri@aslatitely high
different colours and shades, and to differentiate .

pricp af 13588 toyeh displayagelot ehtssearshyis quenily fesusiag on lagey paigiter based

. . rojected i mage by accident. The nost

mtg}(?rs}{lr%ﬁn%teg{s?ed detection nethod is based on the

[0d8s] ght neds raspedt lof altgsieal laeopointthdasedriyteractge dsplyspitem, a laser

o S e BB T S5 rofcion
schbh NTHS 8848r spot is detected by a video camera; and the acquired information
including the coordinate of the laser spot, is transmitted to the computer, thereby
controlling the display of the computed generated images.

[0004] The performance of the laser-pointer based interactive display system
depends on reliability of laser spot detection. A reliable laser spot detection method/system
should be able to identify the laser spot on projected images of different colours and
shades, and to differentiate the instructing laser spot from the laser spot flying over the
projected image by accident. The most commonly used detection method is based on the
brightness of the laser spot. When any image element has a brightness exceeding a
predetermined threshold, it will be identified as a laser spot. However, along with usage,

the brightness of the laser spot will decrease, resulting in the variation in the performance



the brightness of the [aser spot will decrease,

resulting in the variation in the performnce WO
wQEOD9AdARL23 PCT/ SC2008/ 000070 2 of the whol ePCT/SG2008/000070

interactive display system And it does not satisfy

the required reliability of _laser spot detection.

[ 0005] Hence, there is a cledr need for an i npr oved
Qrocess/s&sten1for detecting ||aser spot and

of ithgy whaletiptpeactive display sy sterg. ARd itifags ney sesty the required reliability of
-generated i mages. Summary of the Invention

lm%ggg%?a#tgﬁbresent i nvention provides a | aser-pointer

[odossed i ntHdhaetthere islasfdaayneed fat aninaprdval prooessSgstem for detecting

executapl e by. the systemfor. reliable detection of

laser 3ot a%fgwere%vsﬂeconépﬁlﬁgav digplpne C%%P‘B%f'g%‘eﬁé‘igﬂ -
effective interactive control. [0007] According to one
aspect of the present invention, there is provided a
process for detectiSwnmalyefghedpwtntmper i nposed on a
di splay surface, the process conprises the steps of
acquiring a reference i mage by an i mage sensing

[ocdeyi ce, VeI gesent itvehb® PRoN@es h MBGE-pofnt@NbasBdl tih@tactive display
acquired image of the display surface w thout the

systerg end spprocess gpequitablio B the systeab for rghishle deteeticn efalagpstspot on the

aidp IR WGriBYe SR 1h TBGES SREE ilGHL i coir el 1 the  target

ge 1S a successive acquired 1 mage of the display

[ooewy f ace, Aworditgl ocink agpechef thapasentipantisniakere igyaseided a process
t hereon; receiving the inage data of the reference and,

for; dgtegting; mi?a%r et éupe;swa@ég 8P & display r?@rfjﬁ?ﬁaglée BENEISrimprises the

steP€ V¥ GEauitiAe AtrkfeYddd iﬁa%@ 8 QR iBfagf Q@ﬂkﬂ%ﬁ&i&ﬂ Svlefdif @ reference
Image wth respect to tThe referénce I mage; I f the

imaggyiip nanofinitihlaagguired imaget iof i thd, displant surfacegwithowuthe laser spot

region in the region of change ere the dom nant .
suge§ s ek BT faneet R0 bY S uas e e iy ayperein the
tar&iafige i9h istecesive R qBH& BT thaAekplay subfBc& Fbcadiadting the laser

aspect ratio falls wthin a pre-dePern1ned range,
spefisyperimpeyed Higreanheecriyingrthe proagei datajef e refarepee andetarget image by a
B8 e L A96E, W0 BSACY BQBETAD T AR AL e e
image Whk r¢dpeaas she rehgerkt @pagy; if e Rédibry bNechadgé eddentifiell, identifying

change .in the_ target image further_ conprises the sub
a supdgsiopin dhe regignyof shange s whesn dke dompent geler s the color of the laser
l Li g . e ) . .
P FiBhiakite B 2R AR AHACEH PGE AR BB I Rect ratio falls
withfin @aopreakepmiliedgrangs)i sigrmliag abatdthadadeo spbeissdetected on the display

@feadetennined Eaﬂ%ern; C Iculatiqg a correlation
SUSTGr8 AreBR LT el ohe tothe S 1rglangn & CRERTGEN St ect i on
[000BOOT i t Ny on@BHbbdinRAYOIARE FrekddsSfle SR iddntiBing £ Rigfonl 6F change

bel ow a pre-set threshold, signaling that aregion
in the target image further comprises the sub steps of dividing the reference image into a

plurality of regions according to a pre-determined pattern; dividing the target image into a
plurality of corresponding regions according to the same pre-determined pattern;
calculating a correlation score in each region according to a change detection algorithm;
and if any calculated correlation score is below a pre-set threshold, signaling that a region
of change is identified in the corresponding region.

[0009] In one embodiment of the step of identifying a region of change in the

target image, the change detection algorithm is performed according to the formula:



of change is identified in the correspondi ng region.
[0009] In one enbodi nent of the step of identifying a

wo e@baesied change in the target imge, the cheayeG2008/000070
detection algorithmis perfornmed according to the
formula: WO 2009/ 108123 PCT/ SC2008/ 000070 3// ((a, -

?ib, -fl) NCC(11,14= , Where I'1 is aregion in the
reference image; 12 is the corresponding region in the
target immge, a; is the | «apuﬁﬂbLn&§n5|ty val ue

for |ocation Qﬁﬁgﬁi The |nage pi Xel intensity

val ue for | ocattor I odr ver age i mage
intensity value for I1 ag &nh@fkverage
i mage intensity value for [001oy I n anot her

enbodi nent of the step of |dent|fy|ng a region of

wiehabgs 4 regidrein tharrgﬁ:trencaaglage vib 6 thee ¢(ﬁmporﬁtmg région in the target

. detecteed in a region wth re ct to.a far
imagg il G Hmpge peich Mythp e ?Péa#oe%tonnwgﬁ if it image pixe

inRRAty Rfud Rr IH&LSH ‘F@n V¥ talbat BSHRE Q‘i’er‘éé’e e 1§félﬂ§%ﬂ%ﬁﬁé for Ij, and b

target inmage, according to which cal culation of
bat srthe hegragenimage indensitavalie ffordm  t he regi ons near est to

o tne. P o0LEF TRCRBEREN BB DRt ok Ragph ofshanee in he

axgblemidgepwﬁén hQ’z&Bi spot lis\Betbdied HUD rég@@li Giith r‘é@tféf:ﬁtot dfirget image, the
om nant color is the color of the | aser spot,

regiphiy reserded iad sy peasess meighbor rig ssuanplied 4o shelsfap it respect to the
suﬁﬁhﬁént b dtGm fagé a@?cﬁ'ﬁmgcf{} whﬁc%frhalcﬁla'illlaﬁ of ﬁ%’ C%E]]iefgtloﬁ g@cﬂg Starts from
Wt 0

ect aser
thseigionk magesth@tﬂeoeaﬁdmmgm andltlenltevads dmﬁuﬁhat regiohQr
rati o of eeds a pre-determ ned thyeshol d; .
%Y { or mIH gnether ﬁ Xlzpdlnealilt&# theRrorRss: tE% St g binsetre sub region
wHeRS @hd QBminanP Jf:glor i3 BB SCofIIPOE HEE Bber YA, nc&ﬁﬁnéegmtgg sub ,Steps of
acquired by the inmage sensing device is Iin RG f
calgnhting e douolimant oblot ratiol fas eachslp@!tlonsn thel regibe af i:hanget\hdl respect to

8P of tne ker af citesBiie i ey FrecHiesiie 45 Bitann spfer ratio of
wiiell ekceeadd 'ag)reldete/nﬁﬁqeﬂcﬁhi‘e@laldm Ebrthifif theS sl ?eg\i'&{ defined by the

for the red conponent of the color inage pixe
selegfeddqcation., G is the value for the green conponent

[0(8‘%1 Lge f S?L %Elﬁ igﬂ}%?gm?én)t( %%ér?g}]l? 9:%? telt %cgluig%(? E¥ the mEag% sensq)g device
is imMRIGBC forin@nand tharwdldr;ofithe 1d3er spat iwseidétedtﬁﬂ@ncthé @foup of red, green
and blue, the dominant color ratio is calculated according to the formula
Dominant color ratio =L, /(Ri+G;+B;)

wherein R; is the value for the red component of the color image pixel in location i, G; is
the value for the green component of the color image pixel in location i, B; is the value for
the blue component of the color image pixel in location i, and L; is the value for the color
component constituting the color of the laser spot in location .
[0013] In another embodiment, the dominant color ratio is calculated according to
the formula

Dominant color ratio =L;/ SQRT (R; * R; + B; * B; + G, *G))
wherein R; is the value for the red component of the color image pixel in location i, G; is

the value for the green component of the color image pixel in location i, B; is the value for



conmponent constituting the color of the [aser spot in
| ocati on. [0013] In another enbodi nent, the dom nant
w@oloonosiad i o i s cal cul ated according to the fRCTSG2008/000070
Dom nant color ratio =L; / SQRT (R, * R + B, * B, +
G *G wherein R is the val4ue for the red conponent
of the color imge pixel in l'ocationi, G is the
val ue for the een conponent of the col or i mage pixel
thg blug sempprgat pf ﬂB colos imREC PRELE IoBHione Bwhbyis OB miue for the color
of the col or
co %g%?l%pl&%g{t&%%%o?%?ﬁ %ﬂr}ﬁe Pasé*resgiiﬁﬂ% %%he val ue for the
[omo] or C Gwporddny to oasithdruhspeot tolﬁetheoimrrentciﬁn t therd asegirovided an
(51 |.ocation i. [0014] Accordi nuéa&)? her aspect
inigfacti v RIS YR toge f&lﬁhsa DIPERSS GEePuiable the Sxgtpin,fer controlling
1mg% Sl SYl'fet ﬁl@eﬁp&ﬁﬁﬁ}%’es W drBcels R OC E@n%ra?%g %Htlf’ﬁ%@ arm/ controlling
e sys em for controlling image display.” The system
the: display stbereaf pumuegstoranf ortergetiver signalga atisplayagefamnda projector for

controlling the dis t her eof  pupr.syant to an .
prdifiiieolre] Bessrofcase e nigecomg hF i, Syt o grerpginter for
geﬂér@tlnigcmb RtefRBvVPSIOFA BYNupa@npoahed 1aePGRdt GRltRe BRfla ay s surface that

play surface; a |aser pointer for generatingt

hag Hteenrat,eﬁﬁed dmageydisplayed thersen; anban i igage feasieg deyjer fasreontinuously

ac%;.plggg g@%@ﬁﬁ Y Ii@ﬁlg% E&%ce J&a’(?s t‘i)nﬁte@{ ﬁ{e ﬁ{&?a%nk/ggggerll. The process

ereo Sens

compritésnthe wsdpy of ateepeting raglasdree@es sﬁ]ferinﬁ}ﬁ)séﬂ sflthy d&pfafyameface with
so as to detect the interactjve signal. The

rePe ol 3 gl §pagss o8 u’&@fl%él“f dyragion f e %wteg laser spot; if the

caRUREMH dRARR%REeds rheﬁ)@lsép{lﬁééh&dr {ReEngM gbosfti%ﬁ REGhe BQe@ed laser
proj ected inmage; culating the durat|

spaieifethe pdsitiers ef theplstecteidflasen epot tsawithihat re- ddtmafned rq:ommand region,
eds a %re set thres{%ol d, locating the position of

ex?“r\lgn% caurepgnding cpntrl ggHon. 't ¢ e hosition of the
[oodsf ect ed 1h amerenttdihént\ ikt wa siRé & AR QiR ingHIMBN the image

regl on, execut i ng a correspondl ng contr ol aCtI on.
Seqsmléqquﬁl%h&eéﬁb@mhﬁémf the lgerrespendisg szJected Hmage on the display

SRR T, Reh 5ol RS BN NOE RO o o

bodndapy fegionsefith@p@jecldddmagenmand regi on can be
dgre defined within the projected i nage or i
O%BLndar y I aBetber nbedimenyy @) vatpal dmttﬁagecrep@é ivs] the grocessor in the

eledOhil %agé"!ﬁp qip Eéeh’coﬂ'eéﬂoﬁhfﬁ ltoq}iéi) déténﬁﬁ@cﬂ:&qmm{d trggqon The

processo el ectroni € 1 nag a region
virtual bem;onﬂ @ a golbocctrmacmehdmletr ofithe Hlserammn d region.

[Ooggle or VIO][ rlej Sf!é gng)ilt&(r) ré?l&gflfn?en? v%}?elnog la%grnépro??st 1n¥t1ally rlletected in target

image n, and consistently detected in the subsequent target image n+i (i=1,2,...), the
duration of the detected laser spot is calculated according to

[0018] Duration (i)=T,+i—T,;

[0019] wherein T, is the time when target image n is acquired by the image sensing
device, and Tysiis the time when target image n+i is acquired.

[0020] In a still further embodiment, the corresponding control action is to display
a previous/next processor-generated image, or to enter information to the processor-

generated image, such as drawing a line.



[0017] In yet another enbodi nent, when a | aser spot is
initially detected in target inmge n, and
w@eongiietient | y detected in the subsequent tar gerCT/sGZ@8/000070

n+i (i=1,2,...), the duration of the detected I|aser
spot is calculated according_to [0018] Duration
(t)=Tn+i-T,; [0019] wherein T. is the tine when target

i mage n i s acquired by the i mage sensing device, and
ool s thhe PhiRRiNERCHId: afvawtagetrerfe the+Prosentadygntieny will become

ap zggl%oﬂrorlnntgé fﬁfl(’)\lvfng];%élﬁ&lféﬁ rde@ém%inr@ﬂ%{lgépcﬁlglgnts athereof in connection

orrespondi ng con action’is to

witlr the acwesiaeying pravdegs or - gener at ed i mage, or to enter
information to the processor- generated i mage, such as
drawing a |ine. WD 2009/ 108123 PCT/ S&2008/ 000070 5

[0021] The obj ectByMefDatiptidhaTtRIPeawingshe present
invention will become apparent fromthe follow ng

detail ed description of enbodinments thereof in

nect i w th the. acconpany.i na drgaw ngs, .Brief .
oZL0 T ot Pasfeid RibOirSs AT DG 9p BF drBRTiL dnvenfion will now be
desvnibed | wieh trefemc® 16l the Rigurthcdun@sdidd héréRi)tih OWhidh |like reference

now be described with reference to the Figures
nugiseabhiieneteclikerfderaeds. i n which like reference nunerals

[00(3 ote | 'F‘fg ?liﬁﬁ@fﬁe}a gc@)gglgﬂic BaFrant of lahl‘lfl{efd%hsg dfspla system in
schemati c diagram of an 1 nteractive display syste% i
acacdorcd anitheoneientbodimsent nbthe ipnesant inveritior. pr esent

i_nventio [QQ24] FIG 2 illustrates a flow rt of a
[ouﬁf]ocess i‘j@c gtlﬁﬂét.@teﬁy’“ QOE’O‘PP&EH@J;? Prycessy @%?FW@E‘E&Y a computer for
reagJﬁgfm AYpIEP LSRN, in hfe?Emes %‘Bgﬁe WrbBdie MM Prd®itin@ntion.

present invention. [0025] FIG 3 illustrates a )
(002w chaliGoB illestratee psfléwrchdgt el thengtepader dsisoting daser spot in

accordance Wt ne di ment. .of t.he present
ac‘foﬁé%ﬁf’ e ﬁ.o aggﬁmﬁngg?ﬁxeipﬁsa%ttlpxéetn@gnt he sub step of
roogey i fyi nFIGH# ilQusireles MessublstdphsT VerABghig BRQixiddNce dF BRCTaser spot by

ratio cal culation. [0027] FIG 5 illustrates the
aspeshiagiercalsiliaor rul e applicable to the change

o e priden el B8 FRAB0aRiatbh BR° APERABITE e change
deextiorpsub stdp iapptoriage With drieteatbddinene oflitepresgntsipsémionand
[Odga]g\(,:v_ess tF?Gp g %?usyrgteg Em g)?a\/\rgplg g% !dpl;]p yi%Q tl?el i%(t:etraruglnvlecdisspll;yds?'stem and
process to page up or down during an electronic slide show.

[0029] FIG. 7 illustrates an example of applying interactive display system and
process to enter the draw mode in order to highlight the information on an electronic slide

show.

Detailed Description of the Invention

[0030] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0031] Now referring to FIG. 1, there is provided a schematic diagram of an
interactive display system in accordance with one embodiment of the present invention.
The system 1 comprises a computer 2 for generating images and controlling image display

pursuant to an interactive signal, a projection screen 3, a projector 4 for projecting the



[0029] FIG 7 illustrates an exanple of applying

interactive display systemand process to enter the
walp@wionee i n order to highlight the informatiecr/ee08$000070

electronic slide show Detailed Description of the

I nvention [0030] The present jnvention may be

understood nore readily by reference to the follow ng

detai |l ed description of certain enbodi nents of the .
compyisht gBIsTated OTERENGWLY ether pragstion faresn B, ghlaser jpginter S for

- | |- . .

o AR P RaIPITS b MRl o PO lifactye signsl, and
a tchmepr ds ot ¢comiandusiyn. acqlinmgs ymbgsn bn cdrpiprgedion screen 3 and

: : i .
COHCHOI IQEHUI %}t?l{lg éhﬁ}i gEr fgﬁ{ee gte lrglegig;il nq%Hilt gglg f qo?rg)%gq% gs[g;z;sotoacllquct ! t[;rea %?teractive
Si%pj ection screen 3, a projector 4 for projecting the

2009/ 108123 PCT/ SC2008/ 000070 6 conputer generated
[0@3@hges odnpetatiopr Hieectmputers2rgeperais and| steres apedries eof ectronic

. for ,.superinpasi aser, spot. 5 n,t.h rojecte .
imp s 22 OB SoBBaE n D foRABPlaY Fash SEfthis Eafitf ffe prpicctor 4
an@ pr@ecte® Bt tHRUSIoJecAES] ULiebM G ATREBHeHInding MRb6jettes timdBe 42 (not
screen_3 and _conmuni cating the acquired 1 mage data to
shewa inofisuit Br 186 emnpuierd 2t eomtrolshihe| image adisplaje seqyiegeraland timing,
. i . ,8S
pobslaad i iy PRRIEAT Sfade 350517 B 18R Gperaroy, 10 uses
thd-ll4Ser ppinterr 5 db Sgdnayate @alaberofpotdB82c bnithe tprajested titragde,t Wherein the
. the prqjector 4 anpd projected onto the projection
inteppiite signal i %{nw?cg@ﬁgﬁaﬁa%lef@% idiERgion £5 therlgger spot 52 on
] : : g,qg,%- : ol s the inmage
thﬁﬁgﬁggﬁéﬁgﬁe%%%mgﬁgﬁﬁm g,ﬁ&gﬁr s%atr;‘t& "to the
[003A) er act iThe simggral 6 ps alifeded &ty the prog¢ction owegeat 3r fot Ocontinuously

The oper at or uses. the | aser pointer to generate ;
acquifing 35 dpBee dBerE ohe' Bieciob bR Nhrate: ARG INGD dhsees 62 is
subsef @Gt trMBmFGINR tHeScRRAEH 2 Anl Minhly8ed FGSRALEme display control.

| ocation and duration of the |aser spot 52 on the
Wharothe @rejevied imageri23remainsdhesanam theocortespqndyjecasquided impages 62 are

. .0 he ra 6 is directed at t rojecti

esfijalbl irds] O ohE PRbBeC pyReLlf TR BlsaBloniol HEBe sk 3 perween
sucessivepbequiRd edges 1629 Oideea 1iRE pac G ik edttdcieigaad 62rifisd as an
. Subsequent]ly transmtted to the conputer 2 and.

intgraghive, signplord pPEaprogragtned spirespondipg regntrol ggfian jspexecuted by the
co&?g{e?g ed i mage 42 remains the same, the corresponding

acquired imges 62 are essentially identical to one
[0a3apbt her dnoepembodinidng the pseeset samyplirighratel afsthe capeat 6Bid preferably

twgr(?tgl \?ﬁg I'tlrames per second.

[0035] In one embodiment, the view size of the acquired image 62 is the same as
that of the projected image 42. In another embodiment as shown in FIG. 6, the view size of
the acquired image 62 is larger than that of the projected image 42, wherein boundary
regions of the projected image 42 on the projection screen 3, such as 62a and 62b, are
included.

[0036] In one embodiment, the corresponding control action is page up/down. In
another embodiment, the corresponding control action is mode change, for example, the

change to draw mode.



successive acquired i mages 62. Once a | aser spot 52 is

detected and verified as an interactive signal, a
w@e@Iposagy anmed correspondi ng control action i BCT/SG2008/000070

executed by the conputer 2. [0034] In one enbodi nent,

the pre-set sanpling rate of .the canera 6 is

preferably twenty five framgs per second. [0035] In

one enbodi nent, the view size of, the acquired i rage 62
[0432] { he sAVAW asferringato &Gt Re thers; ‘écﬁré?ﬂldFﬁirﬁ’g@O&’Zthrﬁ of a process

. ¢ i : . -

xR by SRORINIRS % 5 S 3Me ufiply Sonfipl bEA KRN Sifred images
reqeneidefromdtheneayeerd 2, inhanceidandzo withaayothereginbodimefit pfighe present

. projected i mage on the projection_screen 3, such a

infoBb G g pEeeRy LV eREpUtSde (U800 1 BBt rom the

caibBR@, §iep 366 de’tfi’éc"ﬁﬁ% G381 §t tHREdih,Ofep FDORFIR terMFMhe dufhtion of the
anot her enbodi nent, the correspondi ng control action

lases spad deteetadngien, SAhef logatingl the deteeted dasan spotit andatepabMfbefecxecuting

RUX oG ST R A N -

[0038Pr OCEeS3n ré&@p&t Bt akuemyprbjected dipge 42 (ndt khdwid BAFIG. 28t in FIG.
i splay control based on the acquired i mages receiyved

d d
6)f thgraredess d@Pnstarts gvith theaier 284 Rfobidinine fhe iMage data of a reference
. . i . o

lmcg)@@ﬂ{da? Mowi intF16. BY %@%ggg i dnsg(ﬂm s gamgﬁ 94655, #Oreference

nprises the step 2 i I'mage data from
imbgre 64 ¢adeied astthp BOGicqbirak ineagei 62y withsrespesptat the arrentnprojected

. step.40Q of deterymni.ng the duratiqQn of the | aser
im3ee 2, Gl s Py HOFoBI 6ok i eeckirage 4hs dgGgd as any
oné BPihe sBOssHRqBRE Mlag¥ 62 WithBspetits tH@&di&S;F%lefégﬂgﬂ Smage 42.

control action. The details of each step w
[003Bk cus sedNoverafemiag tte FIG. pOteRlis|poyideha dlovothast efithe step 300 of

rojected inmage 4 not..shown i n,.Fl but in.FlG.
e AR bRt € i O o b ety Bl ertion. The step
300b¢cmnpiiseg thiee dubBgeps]atandy chahgd eleffién 320BARnfidant "&llor ratio
shown in FIG 2) and a target imge 66 (not shown in
caleylationp $40 angaspedt sxtioadculation064 i s defined as the

hi St acayl.r. ' . i ect. . t
bl = ' cq B B EP 396 110, b HE TR ih Mg AcEHRER s (it shown
in #IGTG) witherekpocged therederehce imageeéd wad showaniyy FIGhe3)oPrior to the
the successive acquired. ipages 62 wth respect to the .
anglysie, ol g acqurgd imagss 2pinclichissbs refetanre metek g dhe-peget image
663re BiNRICR it aN BN ©F réiddsAcsBRTtto Alprd-BEtehiBBd 3PP p&fern.
detecting | aser spot in accordance wth one enbodi nent
[0041] t he plesen¢mbodimant, each rdgien ¢ dgfined as an 8 by 8 pixel group.

[0042] A change detection algorithm is applied to determine the change in each

corresponding region between the reference 64 and target 66 image.
[0043] In one embodiment, the image change detection algorithm is a normalized

cross correlation algorithm, and is performed according the following formula (1)

[0044]
Z(,(ai - a—Xbi —5))
NCC(1,,1, )= - =
\/Z("i - _)2 Z(b-' -b )-
[0045] ’ ’
[0046] where I, is a region in the reference image 64; I, is the corresponding region

in the target image 66, a; is the image pixel intensity value for location i in I;; b; is the



300 conprises three sub steps, nanmely change detection
320, dom nant color ratio calculation 340 and aspect

WO 2dobaosazd cul ati on 360. [0040] The sub step 328CT/SG1008/000070
feature the change in the target inmage 66 (not shown
in FIG 3) with respect to t e reference i mage 64 (not
shown in FIG 3). Prior tot analysis, all the

. acqujred imges, 62, jncludin the ref erence i nage .64
‘mégf‘dp‘txﬁ]emtt"d\s’@éf"a ugdgelocgipna 8 Tosi 4/ barel theraveragepimaes ipteysity value
ned gird pattern.
fOIqE) E[n%gﬂ %q%ﬁg%g#%%@gnn{gg nﬂe& quﬁ{Sg?’gin is defined as an
[0(87by 8 piA ehregliadd pof N@Iﬂf42&} pﬁe st¢tafogeiddetifyatg dre change. When the

calf ot CRER W Teiohds fePho e R il giendiahat o change is
defedfc@ Wit {HeB&Gion %&%e |§}o&@§ 10005Qc8RBto tHeCndxTBGB step 340.

change detection al ﬂo”t mis a normalized cross
Otheymiss) thei pracesh QOO iwilh iskipathel rqrsalplegfstﬁpmtmdumut pgcessgycle, and

(ﬁ%a F \i\gtx?pg%&g 5{%? et ](%5:1% vy arta%yz(s Q%ei nex[t E%grtg]lnlflé%ﬁ%rl%{gﬁpga to the

sathé rdféreficd @igHge 841 N t he reference |rrage 64; 12 is the
corresponding region in the tar%&l i mage 66, a; is
$

[004Ble | nagdn AN& eNbodmens ﬂﬁprwtu@e qoni in li;
is th O | .
[OOQS& | n?r(le }?8: tg{i}ggdgl?ngﬁtl?lge ol IE{!%QQ!% &(m% %;:qugreg a'ﬂrﬂggess 62 is used
f01t dimn@/éatagﬂbnlmghl anothen smbgdlmhu dor fhslropbxhlioﬂ,mi ldmsbal’(e command
.S the era e |rra e. |nte Sit

region 1567 atbqrbtost ¢ pf%ectq oY b Hgoq ngh the 1nteract10n

of @ftange sp(Wl§ 'ﬁr&éi‘@mm@élt& Hligdted cMﬁtEé;b%n&lBg N%rd)lrhcﬁﬂﬁ{ Hence, only the
region I1s below the threshold, it signals that a

imageadaje cogespdndiog tte thenprerdetermingd reoginand regipntik exipacterb g change

det1Ot0(§proceeds to the next sub step 340. Oherw se, the
6?6 ess 100 will skip the remaining steps in the
[0080F I ent bk 06€eMmbEYiededt, tHE Pre-dAARRRM EdnBbRPr Rfloédi& within

next cycle to analyzethe next tar i mage 66 with
they ‘égw@é fthe projasted image 43 e fresnothes embaal@em th¢ pradterminegigommand

DRI oA N R, L
[oo5mBges 6$t1illSre1ﬁemdg to FIG. 3, the step 340 is to identify the laser spot by
determining a dominant color ratio in the region where a change is detected in step 320.
For computer display and image scanning, RGB color model are widely used, in which
three primary colors red (R), green (G) and blue (B) are combined in various ways to
reproduce a broad array of colors. A color image pixel for each location of the image is
represented as values for red, green, and blue. The dominant color ratio for each location in
the region of change is calculated with respect to the color of the laser spot. The locations
the calculated dominant color ratio of which exceeds a pre-set threshold, constitutes a sub
region where the dominant color is the color of the laser spot.

[0052] In other embodiment, the dominant color ratio is calculated according to
following formula (2):

[0053] Dominant color ratio =L; /(Ri+Gi+B))

[0054] wherein R; is the value for the red component of the color image pixel in

location i, G;j is the value for the green component of the color image pixel in location i, B;



for change detection 320. In another enbodi nent, for
fast operation, at |east one command region is
w@e@9dedies mined in relation to the projected i peEysGHB$/000070
upon which the interaction of the |aser spot is
programmed to initiate a corrgspondi ng control action.
Hence, only the inmage data corresponding to the
is i 6105 15 (1 OSOI O RSO L Gl rEe PRST n lodation b &hd L is the
vaﬁfeefo‘ii%@EﬂbpggnF&mggnsrtﬁ&ir%nthb ol GRh lé%lt cﬂ ntlQ@atlonl For
vi ew of e proJected 1 mage 42. |In anot I ment
exainplepwhenl thedaser sppd 52 osimarad] Li eggrlow Ris Iocat ed |n t he

ndary .region of th rQj ect i mge. [0051] Still
W‘%%fer ri ng}[hteg) rfletermined lize SE‘IPE% g%o is to identify the
[ods8per sSpah aR¥thed&hBEdineht) SoraméteHciahie c_@ﬁ‘fpﬁfatlbﬁ‘tthQ dbfinant color
the region where a change is detected in step 3

rafipis C@bﬁb@ﬂd@cc@ﬁm tayhefellominggaustem@)ng, RGB coI or
[0(??3@ ( R?r %oml%gntyérsi‘%‘gt 0 —rl }'\@Q (R t:vhk e pP¥ hn}gré/ * )I ors

een ( bl e Yr e'icoftbi Aed 9'n

[0058] | OUS Weheseih R; is €Her ik forahd kgbnagonait &ff the @bvrSmage pixel in
pi xel for each location of the image_i

logagllﬂf? Q»ségfagw vadue 185 thesgrecsy cqnapenentraf dhe colprdmseg @ikerfrlocation i, B,
gl@“’{rﬂé@?orctﬁé Bue %tnlh&nfegtr wﬁ@%%oﬁ&%ﬁfa?é’?&e[‘ n icJ?:S 15r? 9'@6 L; is the

ange 1s cal at e respec he co
vatuedot the eolos pmhporfélneccbrmnmtihg tise cdidsrepf ¢lad lasdr apetdn dimatmmnt

o of which e-set threshol d,
m%”%Lst i t utide PLe- gg}gnnlpggﬁgﬁsmlsg he dom nant color is
[OGGEE col oft & ihpsitdn®$6 TenSiR@tthatl BOA8der sBoto&ﬁleBe efficiently identified
enbodi nent, the dom nant color ratio 1s cal cul ated

acqzrdmgdwngommamf colbowatmg calsulatipn, (<@prdlgss 083the Duntdmagheme of the

prg’ o% ] 11?12;};9! 1% enh Bé gl%gﬁ%%h eng? \%tﬂel%gﬁle Fmgﬂggé%néra)e(%ilrtual button
w1tlﬂ coﬂtﬂi@ﬁédl&ntd the@asdrS)ebﬁﬁlsV@édi&i B?N a ¢dMpudére&Rcutable program and
Qg@gent of the color inmage pixel in location: i, B;

e medorpiord sopmmmdaegion of the imagen WVhen the lassk beam is in
re«ﬁ 16: Bt £ APARE buftbn 115re SO ALl BFec X! i

’ocat’l o ue fo e col or
[OOBO]Tp on e ntln aoothesd émbd}diglehth dwcc:dlm’f with réspect ltasvhiclsthetdontinant ratio

when the |aser spot 52 is
is F%&u aled, ’éq"&é‘F‘g be/cﬂel?esy oD SRR HrriiEcibe Siimae §or example, when
thd prGedad Gmhge & BredbBRmBilly! fred) Ml Ghse? RAR EeEﬁoserﬁ Qbr interactive
nmor e accurat e conputati on, the dom nant col or ratio

digplaycedntrol, amnd the: calowldtiony of thet drenifait| cokiratie iruwith gesped)to the red
color component. Likewise, when the projected image is predominantly red, the green laser
beam is chosen, and the calculation of the dominant color ratio is changed so as to be with
respect to the green color component..

[0062] In yet another embodiment, the dominant color ratios with respect to two
distinct color components can be calculated simultaneously. For example, the laser pointer
S is configured to generate a red laser beam and a green laser beam in parallel. The
dominant color ratio for the red component is calculated in step 340, as well as the one for

the green component. The process proceeds to the step 360, as long as one of the

calculated ratios exceeds the pre-determined threshold.



[0057] Domi nant color ratio =L; / SQRT (R * R + B; *
B, + G *A) [0058] wherein R, is the value for the
wo embogasrponent of the col or image pixel in | opeEt/s©W08/000070
G is the value for the green conmponent of the col or
I mage pixel in location i, Is the value for the
bl ue conponent of the color Wrage pi xel |n Iocatl on i,
and L; is the value for the col or conpo
[0eghst i t utayy rqfﬁémecsp &IGot. thers ip prevides lllpﬁrat@eahq gap 360. The

ste 36[0 9%(9 ]veril{;' 1sf%ﬁ{:ee5fqh@q%s [‘gﬁ(ﬁsﬂ}o&geﬁrﬁn& &fe aﬁ{ll)g%qg io of the

ensurée t | aser s
sulefefgll(m ﬂamtiﬁfedl id eteplsﬁﬂ)eek bamdimgdectgngle 60 Gmdldfmeti fmﬂnorosmg the sub

l‘egrlglté %no%\g g%rggtltlg{glgg Eﬁgé‘ ﬁg %%éfﬂ%gﬂ g)fg t}%égggftl;egﬁu %ggelon is calculated as
theS QidthtdiVidby byI the B8 hfeﬁp@lg:' H&Hltdmgare\é{dhkléalwmlt #e rbalc\MattJB aspect

contrast color to t | aser beam s created
ratgonfplls Mthewepmtsatbiaegqg nto:@nahm thatdhe laseraspetdbis dletceted and verified.

re-determ ned co regi on of t.h en the
OR4E . bodiePE mRSRER: tegre a4 SORLOAN L a  but ton
[odeﬁlopf e- SaVhdm ablabt® ot FERNdetb&OOkih the @Rt hRkge 66,, during the
odi nent, the color with respect to which the

subsavanh REoCces Gitsle with sespectita thatarges imagd @fuﬂbyhet ¢hangg dateqtion step
320 %‘ila&%og«a&&n&je‘ar A&Qrdﬁig di SIR:' nggﬁbcﬁxx%'l‘?' 44e) ctgglrgnrate the

Inage 1S oiTi han reen Tager
prcb@ssctmlsen for interactive di spl ay control, and t he

cal culation of th domn lor ratio is wit

[096Ek pect 30 fgrovides & sy q{?érfﬁsﬁeﬁpn ofitheReyest w@hor rule. The

aC(ISLh?edH p€G4 Sf%deﬁﬁ% 1§re§§(ﬁgq{n(pﬂr‘i |y gefh respit gf ﬁﬁntarget image

aser eam I's chosen nd the cal’cul ation of
66glcarlasemspot a¢ detected iim thesrecghan@ eélcemrdmg tbdhbeleamesstrnelghbor rule, in

resRR AR ALt BUEF n ¢ FEANgS AEAG Q8PHfhn S G Pirfied in regions

R;f Rfﬂﬁckl it Arst V‘@)lloa'b&tblynﬁ{ OIR, Rgnﬁﬂnﬁl@hspngY@ssb@Iy to outer sub-
cul ated sinultaneously. For exanple, the |aser

regiohsater 5 |s configured to generate a red | aser beam

ag beam [ N &
o o7 Paavh pEBRing SN @ S 2 ' pvold SpaGRAbRERplay control in

respbBfR t340cid@galikdel paintihgahe deteéted lastipopisaequitedipda @fﬁsent in the
The process tgroceeds to the step.360, as | ong as

sarpe ipAge regianciar atedetermined duiation in exler Kt actuple therfoRiigl action. In
: reshoét%?la%rgj ect%n%géphl %?erﬁ e eﬁ%ﬁg g‘? és\?é?:gglggi z}]tll%. {I'Qé)gi;éet 1mage

w referring to FIG 4
664, isl acguiral atdi, wheresitaclpsed 6ot S2hie detstteq B0 region K foe theffirst time in

e b R RS Sk, ) BBl o eternc
tm?bﬂfg)r gﬁc&@ﬁx@ih@ Quifioh 3P HeCdcbebtddIaste spdiad. TRE siRBESRE itdtfet images
66,.; (i=1, 2, ...) are acquired at T,; respectively, wherein the laser spot 52 is consistently
detected. In respect of each successive target images 66y, the correspondmg duration of
the laser spot 52 is calculated in step 400 according to the followmg formula 4):

[0068] Duration (i)=T,+; -T,

[0069] A threshold is pre-set for the duration. Only if the calculated duration
exceeds the threshold, the process 100 proceeds to the step 500. Otherwise, the process 100
will skip the remaining steps in the current circle, and proceed to step 200 of the next circle

to analyze the next target image 66 with respect to the same reference image 64.



region in the target inmage 66. The aspect ratio of the
identified sub region is calculated as the wdth
walzwpdesd2dby t he hei ght of the boundi ng rect angb@r/s&oes000070
the cal cul ated aspect ration falls within a pre-set
range, it signals that the I?ser spot 52 is detected
and verified. [0064] In one bnbodlnent the pre-set
range is fromO0.8 to 1.2. [0065] When a | aser spot 52
[0076] det eclmedngd embethment dstpre- dﬁg@me@bthr@ﬁhpldﬁ dupggion is 1 second.
bseque rRcess. c I egt 4 Q the.tar
[OO?IrI:]Bgeq 6 6(%5-11’3 f’eﬁrm%h FIrG: Zet % §t ¢p éﬁﬂs Pst 0 de‘ie;o;%ne thleac %F&lnate of the
detpétedl dasee dspac cad daxfagyzte Olnardllzﬁﬁihet‘d the lcgdirhﬁfater of emyl pre -determined
order tq accelarate the process 100, L
cogpapd degion, Quaept i fosdirmed that the deleeted latS?resm at é%!ocated within a
g a [
prOBUOR Lot Bion? ok ElhohRY Sobihoflcfbf St bbReckied in st
600.rage 660, a | aser spot is detected in the reglon 7.
Accordin e t nei rule, i.n
(0075, et | G bBBIeRC e BT deredrchifgs GSPRY Rittem 1 and it
opéﬁ‘aﬁ&n pl%cé’é?;rlfﬂg IR e Bed RUEARARSI thB?dlspmh of dmpe gfehéﬁied electromc
by R4, R o, R12 and theén progreSS|ver
shmhewssl]wo ex@gple rasphqauo&?a]re Nl@mnbed b@rpmn@teag ain to Fl G

oy B W T S0 B b 303 0

pageSup qu&bvhﬁdf 1he sh@espThHE ity dfithé Aequired iagdSDB 1aget ﬂ’ﬂn that of the
for a pre-deternmined duration in order to actuate th
coré%m@n@pg dueiceigd image (425 gaeludipe & lgft bourdasy reeigped2: and a right

'Sﬁh%gf %%gor@% '"Irﬁ@gf?:f@ﬁodnﬁa&? ’geféﬁd\'lxﬁ g2420s E?e fig-tgﬁmtn@& g8t %afe -down

I'S acqul red at rein-a | aser spot
commadétregioad whilst the riglgi b(mnldarfyoregid]e&b rlstpr¢-idaterrhimed as page-up

respect .of e reference e 6
60@9@83 segion.-TWhen adpser spota¥2 Prf%t%ﬁel dhic ieqjt Pétinda afyolfeglon 62a for a
pr&@ét&’rﬁlﬁéd Maﬁ&? tﬂjé"&ﬁﬁﬁlﬁ& Dlisplags e E?&f‘icﬁﬂ sh@@ fil re§15&fse )leew1se

. The successive target imnmages
whansa desquispasdis adetebted; iy dsqoeghu b@urydarmm@ ﬁ2b hfer |aapegrdetermined
2|scpn|st t g %nf Inresp%t(ﬁ ea Hbtt
“%88’ € CUIRPYISE A dpsp % PEEBYLS, I his ase ARl CRgmand button is
reditedidih Bk slidldgnd B8 Whokide 22n b@u&d'f@ﬂ;ﬁr@ieﬂﬁhﬂbﬁ nidtéial.
400 according to the followng fornula (4): [00681

[00P8) at i on Lt ppetrersembodimprs g1] bonndary aegien @bpee Peenraiected image is

defifdd Jsg)%g? Hé %{)ﬁ?{égﬁ %é’n, i hifeltfie Bﬂnﬁ%ggnq}%b‘% J[h%rbro_]e%ted image

exceeds € process roceeds
is ddifiepd 2Page@owar suniand legiops ocess 100 will skip the
renainin%ggteps i.n the current circle, and proce

t
005l 200 TEF: { REidsREnd/IFfadon b aepling sbe Bt end rocess 100 to
higfh?}igg X?&\g]\%ag%b Wirbindi®APitual ButtdtE2528h 84 BeCftoframmed to be

9/ 108123 PCT/ S&008/ 000070
located at one corner of an electronic slide 22. The region covered by the virtual button
~ 22ais defined as the command region for actuating the draw mode. When a laser spot 52 is
detected within the virtual button 22a in the corresponding acquired image 42 and
maintained for a pre-determined duration, the computer 2 actuates the pre-programmed
draw mode in response, being ready to automatically track the subsequent movement of
the laser spot 52, and modifies the current electronic slide 22 by drawing a line

corresponding to the movement of the laser spot 52. To define a starting point for drawing,

a laser spot shall be pointed at a location for a pre-determined time. To exit the draw mode,



11 [0070] In one enbodi nent, the pre-determ ned
threshold of duration is 1 second. [0071] Still

wo edoenesipg to FIG 2, the step 500 is to determiTi®G1008000070
coordi nate of the detected |aser spot and analyze in
relation to the coordinate of any pre-determ ned
command region. Once it is cbhfirned that the detected
| aser spot 52 is located within a pre-determn ned

the: oparatnd 10 egedsnto tubre offathe dasgo pdintey < boitar pie-detaringredviithe and then

b xecuted in 600 0072].. Th bove- descri bed

ot afs VESH TR 32b T ¢ REa T i B BTG o 1 e

[0076F OpeNabddifioR fP8 SmgleldfrAaninkeadtive displyCoRird D kthet 1aser-pointer
di spl ay of conputer generated electronic slide shows.

basagoinésragtiye edisph®l ysiem dnandijits epesationpirgcase P rrapfaley be used for
' . . L o .

kBT iy SRRy SBIEL OP Sl BRI N rbfer 2 i
pradrivtiged td ldetevti and diffeichdatadapet seds ofrdifferé? colrd atdyetecute control

than that of the corresponding projected inmage 42, .
actiofns) 3549 giv-! Hencep grriaeneyate gith ﬁgtsizktt‘a#dwa w%fﬁ by using a laser
polRRANA A st o PR onfkBEhE @by 04! B A ¥ridh B &Hi A 112 Bnl the projected
pre-determ ned as page-down "cO nd region, whil st
impgre Amidghese buteradtiveysigrads am @3io¢essadriy-thie systam siguiltageously.

e-u nd._regi on. \Wen | ager . t.52 is .
0f 2 ot o TG T8 RrEFi oty Pegt drieudt M fefefence to partcular
enfbo@métRit<L lifTvAR thedimdidtéd tHab @h& @fidYlRkents SreSilugtyfiveNid that the
_ previous slide in response. Likew se, when a |aser . )
invgpiien iseopgds aet sel limitedhAltemngtive pabediseptsreighe prasens ingention will
- Lm rati 1Q - el | . .
el S YA gl MO R BF i BRI mvenion
pehaihg. Buchaltefrmaguembstiinehtidiafe thidekddl Banehdohpawhd vdthin the spirit

slide can be used for presentatjon materi gl [0074g_ln L

ang s6onsept EepgssRt ARvenfing %ﬁm%ba ity F‘Eﬂﬁ’ea‘%otb% Rresent invention is
| . . n’

B B i P e TR e

is defined as page down command region. [0075] FIG 7

provides an illustration of applying the system 1 and

process 100 to highlight the presentation

information. Virtual button 22a. 22b are

pre-programed to be |ocated at one corner of an

el ectronic slide 22. The region covered by the virtua

button 22a is defined as the command region for

actuating the draw node. Wen a | aser spot 52 is

detected within the virtual button 22a in the

correspondi ng acquired i mage 42 and rmaintained for a

pre-determ ned duration, the conputer 2 actuates the

pre-programmed draw node in response, being ready to

automatically track the subsequent novenent of



the | aser spot 52, and nodifies the current electronic

slide 22 by drawing a line corresponding to the
wonwenents of the |aser spot 52. To define a stect/$Gm08/000070

point for drawing, a l|laser spot shall be pointed at a

| ocation for a pre-determned tinme. To exit the draw

node, WO 2009/ 108123 PCT/ SC2b08/ 000070 12 the

operator 10 needs to turn off the |laser pointer 5 for

a pre-deternmined tinme and Glams point at a virtual

buttion 22b for a pre-deterni ned.tine.to deactivate,
1. { oo foprofs 4o ek faser SrdlsPecripeitid op s fapatEfage, the process
cotpafisae eprtorol , the laser-pointer based interactive

di splay system1l and its operation process 100 can

al sécauring adrefesence jimage dytan, nagesysmaipg dsiiceowhpsgin the reference
. | t.iple. r . e €4 t i
i3 it M0 Ay, Rl ™F L PainfIE, SRR Ffindy e faser spor
suptrinfppse@htheohpr s and execute control actions

accordingly. Hence, each operator can send int ﬁr active |

si gASHWIIng a (Argetdmage by the image spnging slevige qvhgreigthe target image is a

000l bifed Al It GsplhySRlrBke, fBr BeteGHRaRE RASBBsuperimposed

Su(fci %ese ocﬁ t%e p o?’ectéégsrq?}ﬁgge. eAnf:I %teweg]% I nter agtiilugenmpose
thes¢agmal s can be processed by the system sinultaneously.

[0077]. Wi le.the present ipvention, has .been, described

b ¢ Receishis e g, B8 B e Yook ) TRl HGES Py Suirpesisg from the
im hshgaevithat the enbodiments are illustrative and

that the invention scope is not so |imted.

Al t identifying aaepiodi afethengeoin thectapget smage witheigsnash tanthe reference
imPgcome apparent to those having ordinary skill in the

T to which the present invention pertains. Such

al t ef it egiibellciamgt Ss ddentifiedsiddaliBihd a b epvanpahsadgion of

within the spirit and scope of the present invention.
change owhera ghg dompinant<elon s the colap obthg dasgt shokvent i on i s

descrii I TR, - i s supported by

o T srat e hepEodRRE DA & Be 0B &M 06123

PCT {362 @ei8naedQigpect iBiodials mithinla pre-gataroessd fapge, signaling that the

det ect i a | aser t superinposed on a displ .
lasg o itelodil Gt Bie BTy SHBrT LUk Toeien SuRaoRRE i seiygreion in
thetafdef Bh4pace i mage by an image sensing device, wherein

the reference image is an initial acquired i nage of

the display surface without the | aser spot

2 SUPYLTRSSSI IS IR 0, 2SI oYt e n e

target image comprises the sub steps of:

dividing the reference image into a plurality of regions according to a pre-
determined pattern;

dividing the target image into a plurality of corresponding regions according to the
same pre-determined pattern;

calculating a correlation score in each region according to a change detection
algorithm; and

if any calculated correlation score is below a pre-set threshold, signaling that a

region of change is identified in the corresponding region.

3. The process of claim 2, wherein each region is an 8 by 8 pixel group.



successive acquired i mage of the display surface, for
detecting the | aser spot superinposed thereon;

wo emmenvsipg the i mage data of the reference anded¢ES@EDS/000070
i mge by a processor fromthe image sensing device;
identifying a region of change in the target inmage
Wth respect to the referenc image; if the region of
change is identified, identifying a sub region in the
regi on of change where the doninant color is the

coI of the pot cal ting p ati
{ e Rt @5 I anaviereip e B 4B R R R T gerformed
mﬁ@mﬁ@t&ukhbﬂm@apre detern1ned range, signaling that
the laser spot is detected on the display surface in

a region corresponding to t2§(§UbZF Lqm»ln t he

target inage. ﬂ? EB proces§ of clarm 1, “wherein the

step of ident ng L ' € T L.t he target

i mge conprises the sub s& 67of bdi-dd t he

reference image into a plurality of iregi ons accordi ng

to a pre- determ ned pattern; dividing the target
whiereli€is ianiegioa ipl the atfetenceimagy; Mg spthediongspondingngion in the target
. according to the sane pre-determ ned pattern; . ) )
imagg, i Bn%geclé‘?‘P'el"é?‘}SB}ﬁ % gl? for Tﬁcaélaeﬁl weg Onis the image pixel
1nt@1‘fs‘ft§rv%d% Poc%tl&lﬂ ARPE; dBhLRIthE Qver%egﬁﬁdgt: riﬂ?enﬁﬁ'dvdlﬁe 7Y, and b

ul ate correlation score I s pre-sét

bat istesherage imagnmténsiyy valae far I.r egi on of change is

identified in the corresponding region. 3. The process

of claim2, wherein each region is an 8 by 8 pixe

5. gr oue pY¥e T RBA 2vhe RG] thepeEL A8l RO threskdldlof NOE is 0.75.

process of claim2, wherein the change detection

algorlthn1|s performed according to the fornula:

NCC( i the
6. ref eré g%xﬁ%%g%@ﬂ%%\Mﬁa{ﬁuﬂ%%%in 5%% %&pfgglon in the

t ar g4 laser spot is detected on the display surface, recording the corresponding region

of change identified.

7. The process of claim 6, wherein when a laser spot is detected on the display surface
with respect to the target image, a nearest neighbor rule is applied to the step of identifying
a region of change in the subsequent target image, according to which calculation of the
correlation score starts from the regions nearest to the recorded region and then towards

the further regions.

8. The process of claim 1, wherein the step of identifying the sub region where the
dominant color is the color of the laser spot, comprises the sub steps of:

calculating a dominant color ratio for each location in the region of change with
respect to the color of the laser spot,

selecting the location, the calculated dominant color ratio of which exceeds a pre-
determined threshold; and

forming the sub region defined by the selected location.



image, a; is the inmage pixel intensity value for

location i inl,; b; is the image pixel intensity
woaloweodies | ocation i in 12; a bar is the averegesSGrag@070
intensity value for |I,, and b bar is the average

image intensity value for 12, 5. The process of claim
4, wherein the pre- detern1ne&5threshold of NCCis
0.75. 6. The process of claim2, which further
9. conpihicpaecesshed @41@;38 ofher¢in shq imepse asgijred by e inegesgnging device is
S
in RO S0rTRL 0 < 87 B TR Shs SO EE BRI . reen and
ble, Wherein mhen a | aser spot is detected on the
di splay surface wth respect to the target inmage, a
nearest neighbor rule is applied to the step of
10! denphd yags O?C]Eﬁlgbo\gh Elnctﬂgvﬁ aHt %(P@r éﬂ@?se& Mted according to
target 1 nage, according t cal cul at1 on of %
thecformelaat i on score starts fron1the regi ons nearest to

the recorded region and t to further
regions. 8. The PB%@@%cﬁgrﬁﬂﬁﬁﬁif%?mﬁ% n the step
whteih RER tht WhRg f&h@le%@ cérﬁﬁé&'ﬁt ¥hife&old?8mag® PixeRiM location i, G; is

color is the col or of | aser spot, conprises the
thesvaduesfosplae green ecahpanent q»frtge golgnmagemixe on bxcatﬂqn i, 8i fsghe value for

ch Iocatl [ on
n G coREFhdsT Of I PliEaaes SRR Md s ip BEIRRE! ot e color
coinpendhd enstiaiting m@mm&sﬂth@mk@rspbahu@caﬁﬁnmhl ch exceeds a
pre- determ ned threshold; and form ng the sub region
defined by the selected | ocation. WO 2009/ 108123
11PCT/ C '
U hor S ORe: Pragam acg et P PRI e hRLMIE: tor the dominant
colos rationsB@ format and the color of the | aser spot is
sel ected fromthe group of red, green and blue. 10.
The process of claim9, wherein the dom nant col or
125 at ifheipoe &Mlﬁhﬁ@' \ﬁ%‘e?élﬁ W orhRant ddforl @] &lcla%éd"@e%rdmg to
color ratio =L, /(R +G +B) wherein R, is the value for
the feemniad conponent of the col or i mage pi xel |n Iocatlon

i, G is the thegr gngnt

col or inage pd?é’f'”ﬁ”ﬁ 1:%5‘1’? ﬁ@f)?@ Iﬁrlr Qalﬁ ?"oFkG’)
whebeéin IR; iethe vaR@TBNthe GEd LHEP @rQ:an bf tH¥e@ordinag¢ pixel in location i, G; is

| ocati on i, and Li is the val ue for the color
the value for the green component of the color image pixel in location i, B; is the value for
the blue component of the color image pixel in location i, and L; is the value for the color

component constituting the color of the laser spot in location i.

13.  The process of claim 12, wherein the pre-determined threshold for the dominant

color ratio is 0.85

14.  The process of claim 1, wherein two laser spot of distinct color can be detected
simultaneously.
15. A process executable by an interactive image display system for controlling image

display, the interactive display system comprising:



conmponent constituting the color of the [aser spot in

| ocation. 11. The process of claim 10, wherein the
w@e@odedies m ned t hreshol d for the domi nant coPEI/SGZNS/600070

is 0.6. 12. The process of claim9, wherein the

dom nant color ratio is caIcHLated according to the

formul a Dom nant color ratio*=L, / SQRT (R * R + B

*B + G *GQ wherein R is the value for the red

c onp dEeaessop ffor gracrasing an iimragpeansh seatrolling| the displgh therea; pursuant to

k e for the green conponent of the color
anﬂﬁgaéﬂ%f%gkﬂin | ocation i, Bi is the value for the

bl ue dispigyasnefate;of t he col or image pixel in location i,

and Li .is the value for the color caonmponent )

con@PrYUERIPHIGT PrUCEBE dhe Rypcasta-gensteddpigee pafo|th display, surface;

pr o s o niE SRR Rerdling R i YENF ) shitFimposing a laserspot on
thel display8&urfade thihbagthe pegstall inmgadisplbyedhereennartdvo | aser

spot _of disti.nct, colar can be ggtected. .

si i {AARLHEFiPE dekice Jorconipualisiy aeaiiring imaggs g the display surface

so hffoflefet théGniePREP: Slbsdd ay system for controlling inage
di splay, the interactive display system conprising: WO

20087id pBXRS OMSTRCLSseP0T70 16 a processor for

gengrat.i ng,an i mage, and .control |i the djispla .

hepegyinb it lag’ gt Sherimided ob e Pl juHgE by pqrfgpming the
praebdsiin @e¢ordanet KithCingfonk OF thepdpRedinp @laiRs;

processor-generated i mage onto the display surface; a

| as&pleyating e dugptiogof thedetastpdlasst seater acti ve si gnal by

S UG RARY 4P ehrlliRR), 3¥catinth ftRE Bosition of th

haf! BERARNRR AU RR0l. £ Pry- LT RuCUER] BleE R Bopton of the
detecrad) taserespot;ng devi ce for continuously acquiring inmages

of t di spl a urface. so as.to.detect fhe . .

"t e PPYBort s e CCEER 1FroE it Sirapire deigmingd comappud region,
ex&ﬁlﬁngsksﬁédpegdihg%oﬁ@@%i&pot superinposed on the

di spfay surface by performng the process in

accordance with any one of the proceeding clains;
16° al %jlle %‘r:(;crel:gs (gfh c?airqlu{f tvslfh%peir(l) Ihetvrfeew ggte %%ttl%daclqla}lsreeJ in?epg%tby the image

sensing device is the same as that of the corresponding projected image.

17.  The process of claim 16, wherein the pre-determined command region is located

within the projected image.

18.  The process of claim 15, wherein the view size of the acquired image by the image

sensing device is larger than that of the corresponding projected image.

19.  The process of claim 18, wherein the pre-determined command region is located

within the projected image.

20.  The process of claim 18, wherein the pre-determined command region is located in

a boundary region of the projected image.



if the calculated duration exceeds a pre-set
threshold, l|ocating the position of the detected
wo a2menosgpot; if the position of the detected | BESESGHO8/000070
is within a pre-determ ned conmand regi on, executing
a correspondi ng contr ol actiﬁg. 16. The process of
claim 15, wherein the view stze of the acquired i nage
by the inmage sensing device is the sanme as that of

214 he Theprassyoriclail by oyhseaiea virigd buttarmis crasteddyyothe psoaspsor in the
elef r&h xégge M’{A%gm{? ﬁ&‘?@s gﬁ(glggg%&fa %e”&éie HE@;}%%@ oceglon
of cIa|n115 wherein the vi ew si ze of the ach|red
by the |nage sensing device js larger than that
2201 dhe Peserve el g prheredt thed vVirtyalgRuttongis Tieclppeiract to the
chf fﬁ@hQ% d&otWherein the pre-determ ned conmand region
cated” within the projected i nage. 20. The
process of claim 18, wherein the pre-determ ned
nd re cated.in

230 TR el S iS5 BhE i Bhen At Souys APty deected in target

2g'le nTHﬁii R6RERERyOHetedted Th 1he s\MS\s%E]ﬁ‘érﬁ targ¥l [rha®d! nPULEeD,...), the
is created by the processor in the electronic inage

dugafiom of g |d9t¢ccé rlftsélsmﬁ th qalpulated aveorging tgdhefomnklad
conﬁp‘%on ) 32 The process of claim 21, wherein
the Vit bGEEOA is in a color contract to the
whei T, & thé hignd ahiei tBgatimagdn iJ Bequired &9 sthe dthagd fining Yevice, and
wherei.n when a | aser spot is.initially detected in
Tuyi 1the timejWhegdarget 1513ge aasheuagw?e} y detected in the
subsequent target inmage n+i (i= .), the duration
of the detected | aser spot is calculated according to
24t he Thepmgess dﬁnlai’ni oh, \(vhérefﬁ the ceifgsponding rcentnolTactios ig ledisplay a
tlne when tar | ge n is acquired by the inmage
Pf%ﬁ@.nﬁ’& RIBGAS geﬁ?fate T028Ci s the time when target
i mage n+i is ach|red 24. The process of claim 15,
wherein the corresponding control action is to display
25a Ehemr@@gs nédaipy b.ewbeneingtheeearraspondingyeontpd. actiga is to enter
n the correspondi ng contro

inBlPER %o Mo fodhiuenetfidifiale o n°, 01 e

processor-generated i mage.
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