1 LASER PO NTER BASED | NTERACTI VE DI SPLAY SYSTEM AND METHOD THEREOF Fi el d
of the Invention [0001] The present invention relates to a user interactive
conputer controlled display system Mre particularly, it relates to a
systemthat enploys a | aser pointer based interface to control the display
of conputer- generated i mages. Background of the Invention [0002] Large

di spl ays are increasingly popular for everyday use, at work or at hone.
Comput er generated i nages are comonly priesented to a | arge audi ence by
optically projecting these imges onto a projection screen. Interacting
with these di spASER PORYER BASEDINTERACTIVE DISPLACSYSIENM AND (®THOD

cl assi cal desktop conputer. Avail abl e]%sqri ncl ude touch sensitive panel,
| ight/electronic pens, |aser pointers er wireless handheld input
devices, as well as advanced speech and gesture recognition systens. G ven

the lowreliability of gesture andrrlegeaiR IhAageHn ti on system and the
relatively high price of large touch displays, a lot of research is

currently focgsi.ng on laser i.nter, based intergction system [0003] In

respect of a ¢d§da cal Igglgrp-“fosgﬁ%n’%‘?"“ﬁ’bé% €5 Wt%l“%F&t*PR‘?@“EN%‘&W‘%f@‘EWFJa

| aser  poi nt edispley syse. Moregartienlatly, itrelaRS fa SRoh thheMplohea REQIpSter faskdBge
The | aser,,spot 1s detected by a video

di spl ayed on ; ropection.. screen. )
canera; and t gﬁ‘g%&cglborn%gi@ﬁfhgﬁlﬁ’é?ﬁﬂﬁ’p“ T EIOERICA 9898 coordinate of the | aser
spot, is transmtted to the conputer, thereby controlling the display of

the conputed generated i mages. [0Q04] The, performance of the | aser-pointer
based interactive display system ﬂW%ﬁL?&VF%FEﬂ‘H ity of |aser spot
detection. A reliable |aser spot detection nethod/system should be able to

Lo BT <P SR A S OIS B e oo
flying over theee. fpupeler generatybndgys acceatemnly Presenmemisto e olaige HMullichtseby
et Lon ey dRiE A i ol PSR Skl Bk s e 0
wi || be i dentrfqsregidifferent foums of cantrot thar-fne elassicabdeakigp \Gbipusets Agsilable nke@ns
PLLQB;?}?? fng];%‘ééém bfde Censiiod p%él,l ﬁgﬁ%fe%?o%% pgn%,s Asgl! b mtleps E)rh%th\éra rvsirir%feisson al
handheld input devices, as well as advanced speech and gesture recognition systems.
Given the low reltability of gesture and speech recognition system and the relatively high
price of large touch displays, a lot of research is currently focusing on laser pointer based
interaction system.
[0603] In respect of a typical laser-pointer based interactive display system, & laser
pointer is used to generate a laser spot onto the projected image displayed on the projection
screen. The laser 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.
{00043 The performance of the léser-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



2 of the whole interactive display system And it does not satisfy the
required reliability of |aser spot detection. [0005] Hence, there is a

cl ear need for an inproved process/systemfor detecting |aser spot and
interactively controlling the display of conputer-generated inmages.

Summary of the Invention [0006] The present invention provides a

| aser-poi nter based interactive display systemand a process executabl e by
the systemfor reliable detection of |aseyf spot on the display surface so
as to performeffective interactive control. [0007] According to one aspect
of the presenbf ihevweile iflractivdQfisplal SyMn VARIGH débs RbOSASS theerc{uirgﬂeﬁ%iiitg% a

| aser spot superi sed on a display surface, the process conprise {he
steps of acqu'ars?rﬁgg%getf’@’f"ér ence i mage by an i mage sensing device, wherein
the referencepoesyage i $ledd, indietis al i j 3 ] .surface

wi thout the |aser spot. superi moggﬁcgﬁg_rfggand;l gcqﬁﬁ? ﬁo&]ééﬁa}éfte%%g “Hege by
the i mage sen@HgPYaw iaigrac onticliipgthe digplagvef dompyfer-geseratedinmgess si ve
acquired i mage of the display surface, for detecting the |laser spot

superi nposed thereon; receiving the imge data of the reference and target
image by a processor fromthe i fagmasypkthednventioice; i dentifying a region
of change in the target inmage with respect to the reference imge; if the
region of change is identified, identifying a sub region in the region of
change, wher ef"?%la doni h¥presest énventiont prevides o dasorfpoitter basesleinterasrat display

cal cul ati ng staBRRE b pratbdsx alak LL | cul at aspect
ratio falls mﬂ’ﬁ hi n ap;r)re- defggﬁa%ﬂgjgw?ﬁ%g% R)gi’r%ﬁggid%\%a'%)ﬂg%gpqté’g © spot

i s detected A SuEfice sp asto perfarmepsiective interaatiyk oontobr r espondi ng to the sub
regi on in thepsoay get | ; ioent .of .fhe .process, the
step of identq' foﬁ ng a ;Hg‘giﬁdénr%l tgfg Q%Jﬁgéﬁggﬂﬂ?w%%ﬂgﬂ#ﬁ%ﬁ %lrer%ga V'Eﬁfﬁl?{g‘f'ebs
conpri ses the® %‘Wg‘f‘%ﬁéas@f Spel fupgitmposed on redisplansiefacerthy rocadscomprigak Whal i ty
of regions a £ df = i . t . dividing.the target image
into a plur a,%lee?t y. g%ug?‘?ef%%gﬁﬁﬁé%gﬁg@%c%éﬁﬁ %ﬁwf’owlf%én Eﬁﬁﬁémg"’e

pr e- det er mi ndB3Faly @p ninitiak acquireditiage af dbe rdidplayi anfasc svithoitnthe dader rsp@i on
accordi ng t o sapdsi cld j, & d.if any. cal cul aj ed

correl ati on sg%r gﬁ’ P%ﬁt’;%f? é(?\?\/’ %@%ﬁg@é%&%t%@geﬂghbgﬁgf TEER ' g‘f‘%ae"f%a‘t"ﬂﬁf”flé‘b‘i on of
change is i dd#esiimage 1 A suasessivo pequirpbinttign of theglispiny suBREIbr detectinethe Maadi nment

of the step %f)ot isﬁb’eﬂﬁ'}pf)ééh E}Qre@n;rr&%i\%k tﬁé m?agg qas 0}’ fle }*e?e?ence and target image by a

processor from the image sensing device; identifying a region of change in the target

image with respect fo the reference image; if the region of change is identified, identifying
a sub region in the region of change, where the dominant color is the color of the laser
spot; calculating an aspect ratio of the sub region; and if the calculated aspect ratio falls
within a pre-determined range, signaling that the laser spot is detected on the display
surface in a region corresponding to the sub region in the target image.

[0008] In one embodiment of the process, the step of identifying a region of change
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:



target inmage, the change detection algorithmis perfornmed according to the
formula: 3 YY La ((a, - Oi - v )) NCC(I,)I1)=1i 11 (tti - a)E (bi - b)2

i where |i is aregionin the reference image; 12 is the corresponding
region in the target imge, ai is the inage pixel intensity value for
location i in 11; bi is the imge pixel intensity value for location i in
12; a bar is the average image intensity value for Ii, and b bar is the

average inmmge intensity value for 12. 10040) In another enbodi nent of the
step of identifying a region of change in the target image, when a |aser

spot is detected in a region with respe .0 Z_ﬂiar }1 | mage, the region is
recorded and a nearest neighbor rule is I ; e step with respect to

the subsequent target inmag&CG&dedsdi j ation of the
correlation score starts from the reglgg 19 the recorded region
and then towards the further regions. 11] noth enbodi nent of the

process, the step of identifying the sub regi on Wnere t he dom nant col or

is the col or ofhetehle if asgionsipake re€OERE ihas; Izhﬁth‘élé'arrﬁstp@ﬂﬁng)fegmﬁ% ol @bkng a
dom nant col orm%b%t olsf r.each,l catlon i.n the region hange w threspect
t A

to the color el s@aggﬁ’é’fe “é“é‘}s&t"?‘ﬁﬁfqrﬂecqﬂ%atménl)aheﬂ@msn pield

doni nant col onnteraity valed for Wdoativh i6x §,26 B&r @tﬂaraeergl@t,g{agg ﬁ%ﬂsaﬁfwﬂﬁé%}iﬁ an&lgd
formng the S%Q‘_ |‘9r11 defined b ;E] seI ected | ocation 0012] "I'n one
enbodi ment , when ??F&@B%&%fﬁ?ﬂ?/“éa Bt e i mage sensing device is in RGB

format and théoe®l or ofin hdvgher amBsdiaRAoOf the sﬁﬁbﬁﬁfsﬁﬂ?ﬁlggﬁé&% 3&#{9 uﬂhcr ed

green and bl 't’a?etthe dogn alnt color ratio is calcu ed accor
formul a Domi natg & ¢4 IgseL pot 15 detester it Yegigmerit tesiRet th @ tarpet lmaseuélef or

the red corrpomemn 15)i“ecbﬂded ol whearéﬁagaglmof(ﬂhe isrhpbméa%'tﬁmst&p wﬁh résﬁec EJ‘ﬁxe"a' Ue
for the green nt of the c | or image pixel in locati I%
val ue for the BYfEfracer ﬁté’ ‘@B?WCPM@%IFWWI@W mtstarsnfrom and

L; is the val the rdgd}m_s héx@esC10lte reco? QARG tind BRA Riwakddthd Wirhdr Segffpk 07 Of the
laser spot | n[ch‘ﬁ? ati Ny another embodiment of the process, the step of identifying the sub regi

) g 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,
[0012) In one embodiment, when the image acquired by the image sensing device
is in RGB format and the color of the laser spot is selected from the group of red, green
and blue, the dominant color ratio is calculated according to the formula

Dominani color ratio =L, /(Ri+Gi+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 1, 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, *Gy

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



100137 In anot her enbodi ment, the dom nant color ratio is cal cul ated
according to the fornula Dom nant color ratio =Li / SQRT (R * R + B *

Bi + G *Gd wherein RL is the value for the red conponent of the col or

i mage pixel in locationi, G is the value for the green conponent of the
color image pixel in location i, Bi is the value for 4 the blue conponent
of the color image pixel in location i, and L; is the value for the col or
conponent constituting the color of the |aser spot in location i. [0014]
Accordi ng to anot her aspect of the invention, there is provided an
interactive ditsdBbadcompohibt BOEINEaM & r S ecut abl e by, the system
for controlling imge display. Theaégy]gl?eel%) g’(():%%rg?’sagg a‘sg}ea’ééé’%%r‘h"r ‘Eﬂ?{’r
generati ng an ‘PREQENLARRLEEAE the(cplonef the Iaser sfios il lagptiothier eof pursuant to an
interactive sigagl ; a HeghRY U , roj getor f.or rojecting the
processor - gener at ed i mage ongo tﬁ’{e‘ﬁ%fsaéﬁ%y ogiugl a@g?nglgn’l tggr rfsp%oﬁlgg‘f' For
generati ng t h&%raRtiys displey ystemgegethebyith a percesypasinbie by thasetensfoptomiliige

di spl ay surf aggadeddbiay "B sh86n REH) i%g di spl aved.t hereon: and an

i mage sensing deg&i cg ¥or cs%nti nuoﬁgﬁ%/‘?ﬂrgng (raf?rn%m&%“égg "B?getaﬁ‘gc‘éﬂt@ginﬁy
surface so as thecigpiay ctbereefhpursuanteto st intemctvegsigial; T tisplpy aches = woRRbI f@S t he
steps of det epididdfinelthl 356essSR ' ed, on.the di.splay surface wth
respect to a g;rojoj e.cg?ed?liﬁnaa_e;g%g %ﬁﬁg{a@;gﬁt{;hee @fﬂp@{’ isgrﬁac%a#qg RpERE far g

| aser spot; i ETERRENg tha interpctive dignrl ba siferimprsinged bisar spot@n siet disply il dhat

| ocating the RAShd hBREd t a spot: if the position qof the
detected | aser p_o.tf’i,jgcvm' %ﬁ#ﬁdgﬁ%fegtg%%éé’f %ﬁ]ae%' ittty b%’b‘leg?f,c‘m B§¥i ng a
cor r espondi ng2@BAE shagse ef b disnlap aBfacd s @rte detetxahlé fimpictivet di@al Thwpsbae of
E:gsr Zgggln(rjieggb proj g?%{%gltg rr%ge Otrs]ngfgg&f%ﬁg&ﬁ%ﬁ%@%@@a“ ?Fg‘gv?‘lggi E)Ee
can be pre- defFIseidod prieleated hrmager ojlediting therdweti@r of the deted@UIaskA ot GUMON Of

the proj ect ededdiREA -duf-BOL ) odinent. a .virtual button is
created by the processor ?Jr?e%%ea%ée)%gc ?S%ﬁflﬁtgfﬁﬁéhelﬂ?ﬂﬁm}‘étuglﬁ%ﬂet%%"rdrlé%ebondi ng
to the pre-deet iitheppsiiomefithe detegiedlaser Poeis wiihir 4 pde-deteinkifed dofaniafd fegiddl, OF
contract to t{e.sR 9k Iﬂg% ot. [0017) In yet another enbodi nent,
when a | aser spot £’s ?rﬁlgguﬁlglﬁgf/ e[a'ecg1 ®d in target image n, and

consi stent |y B¥fkct ed lnnorehentedinseyulsnvietasigeds horgQuiRd imide=y fhe. imake t he

sensing device is larger than that of the corresponding projected image on the display

surface. The command region can be pre-defined within the projected image or in a
boundary region of the projected image.

[0016] In another embodiment, a virtual button is created by the processor in the
electronic image in a region corresponding to the pre-determined command region. The
virtual button is in a color contract to the color of the laser spot.

[0047} In yet another embodiment, when a laser spot is initially detected in target
image n, and consistently detected in the subsequent target image nH (i=1,2,...), the
duration of the detected laser spot is caleulated according to

[o018] Duration (i)=1,+,—T,;

foo18] wherein T, is the time when target image n is acquired by the image sensing
device, and Tyis 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.



duration of the detected |aser spot is calculated according to [00181
Duration (i1)=T"+,-T,,; [0019] wherein T" is the time when target inage n is
acquired by the imge sensing device, and T"+; is the tinme when target
image n+i is acquired. [0020] In a still further enbodi nent, the
correspondi ng control action is to display a previous/next
processor-generated image, or to enter information to the processor-
generated i mage, such as drawing a line. o [0021] The objectives and
advant ages of the present invention will beconme apparent fromthe
fol l owi ng det gookad descyte PébRAvART arRMRREHGRIT 5 thge}?]r‘é‘é% t lirﬂnaﬁ%ﬂnfrgg' g(]%mew th
t he acconpanying draw ngs. Brief Description of the aw ngs f
Preferred eanB‘%FFé’ﬁfoma & &hlering detpiledh dessriptinamf dmbpdimeits rtheanoff lin nowedion
descri bed wt mm@ﬁea{cwnﬁﬁ%&mmgg_gur es acconpani ed herein, in which Iike
reference nunerals denote like elenments. [0023] FIG | illustrates a
schematic diagramof an interactive display systemin accordance wth one
enbodi ment of the present i nveBPiE%crfi;?%@ftﬂ]ﬁaﬁn | |ustrates a flow chart
of a process executable by a conputer Tor real-ti di splay control, in
accordance with one enbodi nent of the present invention. [0025] FIG 3
illustrates apbipw chamte t ; . j | aser spot..n
accordance w [ h zgne e,nbog?;ﬁgne{ﬁ%g%}r?ﬁg a%%%‘ﬂ%?gﬁ%év@%ﬁnoﬁqw 2%1]ﬂl P—(fvbb%
i |lustrates tfEcrdhsd wifle peiesency de jthe Figyres aecompanied hemingfin twhichl liserefapnot by
aspect ratio mahdals ddnbRMike biBREAd FIG 5 illustrates the nearest nei ghbor
rule applicable to the _change detection sub step in accordance with one
enbodi ment of OP3E pr esEKE- 1i Hysustes arschepte Glag@mGf @ infetactiver dispbsy sgsterimNp| e
of applying t&eo i i : . _process to page up or down
mﬁembgy&sgumh%%&gp&mg@

during an electronic slide show | ustrates an exanpl e of

appl ying int P i ve dF¥pi2ijjussyics erfloanchartnf acmeest excaustde by beosipaw fpde i n
order to highlhighte &i%y' ceﬁtﬂﬂ,'mgdcgﬂaaﬁg Wil ofid &EbJIBALE of tl‘l(!’: gr%sents ipleé/r\{ﬁon.

[0025] FIG. 3 illustrates a flow chart of the steps for detecting laser spot in
accordance with one embodiment of the present invention.
[0026} FIG. 4 illustrates the sub step of verifying the existence of the laser spot by
aspect ratio calculation,
fe027] FIG. 5 illustrates the nearest meighbor rule applicable to the change
detection sub step in accordance with one embodiment of the present invention.
[0028] FIG. 6 illustrates an example of applying the interactive display system 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 ef 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

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



Det ai |l ed Description of the Invention [0030] The present invention may be
understood nore readily by reference to the follow ng detailed description
of certain enbodiments of the invention. [0031] Now referring to FIG 1,
there is provided a schematic diagramof an interactive display systemin
accordance with one enbodi nent of the present invention. The systeml
conprises a conputer 2 for generating i mages and controlling i mage displ ay
pursuant to an interactive signal, a projgction screen 3, a projector 4 for
projecting the 6 conputer generated inmages onto the projection screen 3, a
| aser poi nter comfur gaiepesd TGS G th@%ﬁéje&@l?tsc%oﬁ Lhﬁseprﬁiuﬁ&t ?dfdr”age
to provide the interactiv caner a cont i nuous

acqui ri ng i ma§&"BROYIEE lﬁﬁ%f@gﬁ? B%tbgcw%wdsm@mdo p!@wﬁwﬂmuﬁammg Sl@iﬂ, aadqui r ed

i mage data toat bbmeﬁa)l‘ﬁplﬁxercoﬁtﬁm@t‘isl)t QucQRERLC timbdaE 6nmﬂ?er échgn s?} ant 00321
In oper ati on, the co Ut er ener at es and stores a | es o ect roni c

i mges 22 (nof PSR ‘ﬁq‘” od imsge data i the computer @fawmd‘}mﬁ e timemdivi t t ed
to the proj ectigal.4 and projected onto the projection screen 3 as a
correspondi ng jected image 42 (not shown in FIG 1). The conputer 2
control s the Phifde di s& ﬁvr%téﬁugﬁc@“a’ﬁﬁr 2i genergies alusterematseties dfheectronic
interactive smwzzqﬁa%hmnwgaim%%o&%@g‘aﬁch]lp%rﬂ]mmegp ?é%" l10 uses

t he | aser pointer qo ener at e | asér “spot 52 proj ec
wherein the "imrqt%?J&‘(‘f? o dheyprgjection gpgso di sk parrestiondipe osxiovied, imagec 42 (xmn and

duration of tmwhaﬁamsp tTHe2 dr eS D & on to
the projected |mage 20033?L ﬁltta (kgfr{g%glsg&% élﬁ (ﬁ%’? dseg’t'én%gﬂpg‘gr'&tl on

screen 3 for dptoractiyechignal Prgvidaedeby anevglemtopernion 0. Jthe apgrator Hetses
sanpl i ng r at ethe Wp@ﬁtﬁub’rt@dgén@ﬁ%e§ 18 kb 55%5619 o8kt (ARSThLLE S O Lhe
ontr é Bribf ect ed

conmputer 2 and anal yzed for real-time di'sp c

i mge 42 rend?ﬁ?c?‘ﬁé‘ggﬁﬁﬁemmi’@ddﬁ ﬁheen;fp@mw iﬁgtlemaq:dldnetion ofebpelased Sponson
essentially Itﬂeptbjeetﬁ;lus&x@e;pslﬁn@ﬂg&m l%%:; he presence of the | aser
spot 52 between successive ac U|re ce a laser spot 52 is

det ect ed and 0%} fi ed Hhs eamers @réwtedeatsﬂ:grm@cum pcxeerpBo@r amnﬁﬂ:ously
correspondi NnGieqfriy Qe ,ﬁﬁké Qﬁbréoﬁ ﬁxg P %ﬁpﬁ‘lgq‘atecga ut er. ?% I n one
enbodi ment, the pre-set sanplin aner a cgmﬁ
subsequently transmitted to the computer 2 and analyzed for real-time display control.
When the projected image 42 remains the same, the corresponding acquired images 62 are
essentially identical to one another except for the presence of the laser spot 52 between
successive acquired images 62. Once a laser spot 52 is detected and verified as an
interactive signal, 2 pre-programmed comresponding control action is executed by the
computer 2,
[0034] In one embodiment, the pre-set sampling rate of the camera 6 js preferably
twenty five frames per second.
[0038) 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 farger than that of the projected image 42, wherein boundary
regions of the projected image 42 on the projection screen 3, such as 62a and 62h, are
included.
[0036] In one embodiment, the cotresponding control action is page up/down. In
another embodiment, the corresponding contro! action is mode change, for example, the

change to draw mode.,



twenty five franes per second. [00351 I n one enbodi nent, the view size of
the acquired inage 62 is the sane as that of the projected image 42. In
anot her enbodi nent as shown in FIG 6, the view size of the acquired inage
62 is larger than that of the projected i mage 42, wherein boundary regions
of the projected image 42 on the projection screen 3, such as 62a and 62b,
are included. [0036] In one enbodi nent, the corresponding control action

i s page up/down. In another enbodiment, 4he corresponding control action

i s node change, for exanple, the change to draw node. 7 [00371 Now

referring to Kdegy 2, tf}&fuﬁréférﬂgér Y iR .dz,?‘thénjegx}é"spg%&éd Dlnod {ﬂfagccﬁsas proce

execut abl e by the conputer 2 f real -time ay contro ased ot he
acqui red i mag&¥ecuiple by (herompuigs 2 f rearfime alisplay i qantaal besed an dle asiptited amageher

enbodi ment  of rdchiRediBHEME calnBMCE)t h Wcorddie RKMAC %ﬁ%ﬁ:} %%B&gﬁ[ﬁprg 13(? é@? itpgegen'? tep

200 of obt ai ni ng jmagge data fromthe canera, aser
8

spot therein, T¥EEHN4 focese:t189 epmprisgs thieestepuR@ft b nbtaihing Hmagd dete frompibe
detected, st epuRQh) sRp 3@@&%15&31594;& PRURELR LD or 0RiniBfE Alin 80F O

executing the correspondin ntrol action. e detal eac p wll
be di scussed H&FSpeialrieeird, step G afilogating the detcttedlasar spaty andistep SBDpDat@ting nage
42 (not showWngeRpdd REttrdl : O start.s Wwth the
step 200 of obt a?nis%ntﬁe%wm&éﬁgghgd%%lsaotfr%’%ﬁeg%g@%e%igr%uasgaﬁﬁafwgf' shown in
FIG 2) and al%f#iget i fagereao! @sorent projenteil imége@2 (R9t.shobein FéF.ex lem 2eFIG mage
64 i s definedgashet H6cekd (bt | | & spect.to the.current
projected i n}a)ge 5 Whi chs@gq’g%}%?grs{ éagaz E§ 0? %‘3%%:{%#9@§ "Eggﬁtdeilao(.’flaﬁ?ger?ng? get

i mage 66 is dEfaenbdngtshawy in IFe2)oid & keges intage §6 (noe sty in FEX 2). Thgrterdige Wi t h

respect to thg,58Qe; | [ . 9]..Now referring to Fl 3,
there i s provi dagdagm?{é?\?ygﬁhsgﬂﬂ? ﬁg% qﬁm‘e}@%fné%gggo‘lag}l\gs%&%?{'ﬁ f flta%r&”@pot in
accordance wi e fid vighoe papbied tyf the bamepr @ st Theitaeget incige 60 iadefiedas aB00
conprises thrﬁféo§%s§&€£§ea§§ﬂ@dﬁﬁag£%ﬂ%h9%§%?§Ig%aﬁégmé%? dﬁ%nt col or

ratio calculation 340 and aspect Tatro ca c%he sub
step 320 is tl80%kat ur eNewiecfomiap teFiGh 31 theretinpyeided adlper dhort EN ok sRPGMNOf | N

FIG 3) with fespeCiteet Shot ence 1 nage .64 shown in_ Fl 3). Prior

to the analysi s{?ﬁg; a'_?e %}ﬁe&gagéogéaﬁéed&ﬁ'n%nﬁeegﬁ)@'fneflﬁ(é}ﬁfiecﬁr%mt’ﬂ‘é"nF‘E’f ﬁ“’eﬂ%"e i mage

64 and the tall§eeompisesethree sub steps, namely change detection 320, dominant color ratio
calculation 340 and aspect ratio calculation 368.

[00403 The sub step 326 is to feature the change in the target image 66 (not shown
in FIG. 3) with respect to the reference image 64 (not shown in FIG. 3). Prior to the
analysis, all the acquired images 62, including the reference image 64 and the target image

66 are divided into a plurality of regions according to a pre-determined gird pattern.

[0041] In one embodiment, each region is defined 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((“f - E)(bf _.5'))

NCC(X, I, ) = et

Y-y b -5)

i i

[0045}
[0045] where Iy 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 Ii; b; is the



66 are divided into a plurality of regions according to a pre-determ ned
gird pattern. [00411 I n one enbodi nent, each region is defined as an 8 by 8
pi xel group. [0042] A change detection algorithmis applied to determ ne
the change in each correspondi ng region between the reference 64 and
target 66 image. [0043] In one enbodi nent, the imge change detection
algorithmis a normalized cross correlation algorithm and is perforned
according the following fornula (1) [00441 } Z ((a, - WKb, - L7)) NCC(IvI
" zl=~a -Qz~(b, -bl, [0045] | 10046] where I i is a region in the

reference i mg8a®ixel %ltén%lt)t DRuCRF IRARATG N9a b&9% M aivjar:;i]%et iP)%gé %{eggtg \{aﬁ;ggg 66,

a, is the image pixel Intensity value for Tocation

i mage pi xel i n¥dnand bbards he avemes ronea intesityi value f&J:. a bar is the average

i mage i ntensi fgsayal ue £ Qrednbi i.s khe average i e iptensity
value for 12. [0047] A thrgsh%cf)il gpglfd@N rlﬁs‘?glplrpoé-lg%iﬁ “c’)?%ed 5% y"?’%‘r@ fie
change. Wen tHelatedayalen eft MEC impuyeregipn Ka€lavnthartlyesheldi Dsighals thel Dubahdreis
threshol d, it dsb@aabihin@k Boi | tected withip the region, and the
process 100 proceeds to the l@%?&gﬁgé?FE%géﬁﬁ.mm%¥%%EMﬁ§éﬁmt ﬁﬁbéﬁgs 100
Wil skip theOthemapaitregprasesptdiwill skip theuremaining plepciadise ayrehtarocidyclgraageed t o

fo the same PoparklueyRoL LR e bl e RS me R Vel e
threshol d i s &Escfefenorigiags 6f.one enbodi nent, the entire image data of the
acquired im 21s . Ch et.ecti . I'n anot her

q Ofobas W&k eﬂbgﬁlmg{ﬂ,a{ﬂg res ttﬁr shggiﬁﬁQﬁg

enbodi nent, for fast operation, st o region is

pr e- det er mi nel#®4%h r el afn ene embodimentpthe prtizé imhpt: Kt of the acquPalimabds @ id laed
interaction gf ' rammed. ta jnitiate correspondi ng
control action. _cgaHg%c%‘%&gﬁ? ?/ﬂ%?hnedngtlh%grgm%ﬂeﬁt’ @5?#9%8‘?%‘? e‘l‘sb‘”f"rf'@mma"‘?

pr e- det er m ne¥eien ifrerdetermyheskinirdationtio te tpesjectedrimagead2g epondati@ché Mikbraction

of the laser spot is programmed to initiate a corresponding control action. Hence, only the

image data corresponding to the pre-determined command region is extracted for change
detection.

[0050] In one embodiment, the pre-determined command region is located within
the view of the projected i_mage 42, In another embodiment, the pre-determined command
region is located in the boundary region of the projected image,

{6051) Still referring 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):

[o053) Dominant color ratio =L; /(R+Gi+By

[0054) 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;



[ 0050] In one enbodi nent, the pre-determ ned command region is | ocated
within the view of the projected i mage 42. |In another enbodi nent, the
pre-determ ned command region is located in the boundary region of the
projected image. [0051] Still referring to FIG 3, the step 340 is to
identify the | aser spot by determining a dominant color ratio in the
regi on where a change is detected in step 320. For conputer display and
i mage scanning, RGB color nodel are widely used, in which three prinary
colors red (R), green (G and blue (B) are conbined in various ways to

ebroduce a bread ke i Gl bt B hLoid IS Rl Gh 1fflon 326l 1,95 RE! 07 O

the inmage is represent ed as val d "40m nant
color ratio fdpuedrihe eele sompongnt C@ﬂﬁ@mh@gﬂlembf of Herlgrer §®t gnlocagionti.cébrwi t h

respect 0 thexeahounl mbiiRershiah isthds 1, bfad @GaL 1 ons  the cal cul at ed

dom nant color ratio of excee e-set threshold, constitutes a
sub regi on WHIFB the dbepreadetempipdtreshpld 16.6c0l or of the | aser spot. [0052]

| n other enboggss th@aﬂﬁ@r%%di Qk%rxﬁﬁlle agcuhﬁ &%ﬂ%ﬁhﬁgg Cortd“(ogg5

follow ng for rruI a (2) [ 00531 Dom nant co
wherein R i sﬁ*‘ﬁ@%&ﬂ?@dfa@nﬂrdﬂmmﬂafolwmaﬁondﬂ) the col or inmage pixel | n

location i, Gpbg the Wt&r =N giZ§QRf?¢Tn9{n§IE «Qf % col or inmage

pi xel in Iocatlon i, B; heVald hé'blte to nt of the color
i mage pixel i MOS8 C at i owhereinalyds the viake forethe vesll compbigent ofhibe mbmag@pmarient

titut I t ) wh
e | aser spot S8 recs i e or 8 geef Bohhfhe o figluinge g0 in BERR e
threshold is G@Vf[h@ﬁ)@e]fhel blueaenmpionent eﬁﬁ:ed:p}mmhagefmet iDloeatiag ¢,umdtle is the
conput ati on, QMQ%@%CS@%%’% il ccf%ﬁ’l St"tlh ageq_ aceqrdi.n :.to.tDeR, .

foll ow ng equation ( (R
B, * B + G &) [0058he pdetginringd thiesholdig0.83 ue for the red conponent of

the col or i fooP! Xel  fiNig Jng&%t E?)lnedsure%at %a%eer s\fmgue ﬂ;eoéf{ %:,lgnetlyg{d%g%%r t he

conponent of he” col or ima I'0tats
bl ue conponentecesting He dm‘hmmt mia)gmﬁpwak:hlaum Immdlessrbﬂ the @BIdr kséheins dfhﬁe val ue
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with contrast color to the laser beam is created by a computer executable program and
located on the pre-determined command region of the image. When the laser beam is in
red, for example, the virtual button is pre-set in blue or green.

[0064] In another embodiment, the color with respect to which the dominant ratic
is calculated, is varied by the system operator 10 during the display. For example, when
the projected image is predominently green, red jaser beam is chosen for interactive
display control, and the calculation of the dominant color ratio is with respect 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 fo 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
§ is configured fo 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.



[0060] It is inportant to ensure that the | aser spot can be efficiently
identified according to dom nant color ratio calculation, regardl ess of
the color scheme of the projected inmage. To enhance detection sensitivity,
in one enbodinent, a virtual button wth contrast color to the | aser beam
I's created by a conputer executable programand |ocated on the
pre-determ ned command region of the i mage. When the | aser beamis in red,
for exanple, the virtual button is pre-s b in blue or green. [0061] In

anot her enbodi nent, the color with respect to which the domnant ratio 1is

cal cul ated, i ri ed rat.or url di s For
exanpl e, Wnenﬁ) ltﬁﬁe pro%’g%%%ég@gp% ed‘?)ﬁfoﬁgﬁg lg‘%{g’i‘ thFéﬁnggg;h “beam
i s chosen for st lde verdy thi splease efai lagdr ,Spcarbgl dbhﬁmﬁmg mlaaﬁebmau@f)f thbe

I h
dort mant ool Ok @ikt b oRRCR oLk e TRRISRL e =
chosen, and t fegionan tmlt@gqtmnagnfﬁiﬁt filke abpeti rasin bof the lidentifial sub rdghbnihangradda® as to
embodi rent g ok a8 AbE RS 16 80 TP AR abe o B WALl or
conponent s cawtibefaﬂawuhmauﬁdsemangd, h&gﬁﬂnjﬁityhe 1ERF s s21B detectddtad b@lRE. poi nt er
5 is configur 0 gen te Aser beam a | aser beamin
paral | el . Theﬁgstﬂ)m' nan %’gleglt%m;'g'ﬁtb 12i s?tﬁ@gféstfg%ﬂ"g g?rt is calculated in
step 340, as I#e45 as tﬁ‘éiemraelafmrspottﬂzalsgﬁaeﬂecnﬁﬁﬂﬁn@fget inldpe @L,O&Eﬁlg th¢ oceeds
to the step of t cal cul ated ratio eeds t he
pre- det er m ne%g%eﬂr esh’%P% %%69 Wﬁa@ﬁe’r“}aﬁﬁgﬁ"f‘omﬁc t‘fcﬂ@? ger s
provi ded an |320uwﬂiria1 p&)forméréaﬁstgaﬁ(l nekies: neighdpr nfd) ih %rdeptd/wcélﬁﬂtetth@
exi stence of ﬁﬁer spot by determ ning the aspect ratio of the sub

region identi di i step 340. A bounding rectangle 67 is defined for

encl osi ng theloggb regFlgh 5 protiths ot snpliflediiN@getidatof td featEPREMbEAIOTRE t he
|V|ded by the hei ght of

identifieds |on|s ul ated as

t he boundi ng rgl{%g P%”s\?ﬁvé‘#w%’ﬁtg é?%‘l}’isé?t‘gfflgsp&@t n respest i theofpieet ieehi n a
pre-set rangeibuia lasarg;petl is dbiaaéd inhﬁie Ir@mrv S%brdﬁ% tb&héjﬁéa&@tt ﬁ@ghamuleem fied.
[0064] In one_g ggﬁ t%? ran fromQ.8 to 1. 10665] When
a laser spot ESpedt OT HEReL pagg Obgy, 5 ?%F&Etf rigge Wﬁ’lﬁ‘ﬁﬂ"ﬂ“‘?’ﬁém ¥@msequent
process circlRe, R, Ry Riedpeciolibeed BeR), IRy, RIPERI 668 progrdsfiRICAE& gt ection
step 320 wil] be perfornmed according to a nearest neighbor rule, in order

to accel ar at &%
[0067) Now referring again to FIG. 2, to avoid undesirable display control in

response to accidental laser pointing, the detected laser spot is required to be present in the
same image region for a pre-determined duration in order to actuate the control action, In
-respect of a projected image 42, the reference image 64 is acquired at Ty. The target image
66, is acquired at Ty, wherein a laser spot 52 is detected in the region K for the first time in
respect of the reference image 64 according to the step 308, T, is stored as the reference
time for calculating the duration of the detected laser spot 52. The successive target images
66,1 (i1, 2, ...) are acquired at Ty.; respectively, wherein the laser spot 52 is consistently
detected. In respect of each successive target images 66,4, the correspondmg duration of
the laser spot 52 is calculated in step 400 according to the followmg formuta (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.



process 100. [0066] FIG S provides a sinplified illustration of the

near est nei ghbor rule. The acquired image is divided into 16 regions R
(i=1,2,...16). In respect of the target inmage 66", a |aser spot is
detected in the region 7. According to the nearest neighbor rule, in
respect of .target image 66o+r, the change detection algorithmwll be
performed in regions R3, R6, Rs, R | first, followed by R2, Rn, R o, Rl2
and then progressively to outer sub- regions. [0067] Now referring again to
FIG 2, to avoid undesirable display congfol in response to accidental

same i mmge 1 oblSh for & GrahafEFh AR sParRorbios el A5t he
control actioff07iin reSpketferhy & FGORcht eep SOMGA0 dAerntilehé eSdiRACeS themge 64
is acquired a rget i e 6. | cquired at . T., wherein | aser
spot 52 is de?%%:;?egdm{;gr?l %’ﬁ‘e%?éﬁ?ag%gknfrglfm?%go ?rfer gqordingg, of gny P&%@E’P‘“ﬁf? t he
[ ef er ]tcance i Fagmnﬁa}hdacg?r. d)m@it:ipccmﬁa?ﬂ:tﬁqa tg@fbtecgé'adihs?r §lo0FEHR lt&ﬁ% hﬁt_}_lgej erence

ime for cal cyl.: uration e ected. | aser, spo 2. The
successi ve t aﬁljé g‘tyeﬁl?}!é% ecgm{j%aggielgme i tgﬁif’onf,sl_) onding C%R“é’l e q) ngg" execuied jn step
respectivel y,68herein the | aser spot 52 is consistently detected. In

t he correspondi ng duration

t of i ve t ' . 66a+: , . ) |
of Pehe | aserBEh: 55 ° The ot Eh oy R TSR buish it oS TERA I ow g
formula (4): $r@666} poesaldloen b hsed T tontrolithe [dRPRY bf donigtee phRtathdicechiifc Set

for the durat] lyv i f the cal cul ated duration exceeds the threshold,
t he process 1%@9%1}0%@%“'Sﬂ@gtpﬁﬁg&g%@asgg%gscéﬁé}cm@ent he process 100 wil |
skip the remaloewshg st ePKJ. 6prdvides muﬂlluﬁfhtioﬁbf@p@ing&ﬂ@sgﬂfeﬂﬂeﬁﬂ phRes 1801200 of
h [ I .h ' it h h
same rof er endtit MG RR of i g8 5 e ckanBtmen = et Brb DRl ned
threshol d of @uespbiding projdcted dmagadd2, OOHAG aSlefil bouhi@k-L kégidh0630afdl Hrighs t he
step 500 is t term ne_i.h €99 inate of, the detected, |aser spot and
anal yze in re]T%a | nretgbont#é). S%'Srf# E\ f I8y Q9Rels PET-deSANAE as dussrdave
region. Once domniagd eepidn, rwhilet thBaight beunday aeiies 2858 preRfmPed a§ p ed
within a pre-determ ned omnd reglon, the correspondi ng control action
will be execdtedf _reg’coé’p“ﬁ’%’(‘.)ﬁ.asfro‘@ 2 *Fﬁ@te%f%v’eﬂlﬁ@@quﬁ@&’ fegiop 62 Hhr#t er
based i nt er aqiré-deershiref ldagstion/ Se@Binput Bdikgi4ys the previous slide in response. Likewise,

when a laser spot is detected in the right boundary region 62b for a pre-determined

duration, the computer 2 displays the next slide. In this case, no virtual command butfon is
required within the slide and the whole slide can be used for presentation material.

f0074] In another embodiment, the boundary region above the projected image is
defined as page up command region, while the boundary region below the projected image
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. 22h are pre-programmed to be
located at one corner of an electronic slide 22. The regjion covered by the virtual button
223 is 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,



operation process 100 can be used to control the display of conputer
generated electronic slide shows. Two exanpl e applications are described
herein after. [0073] FIG 6 provides an illustration of applying the system
1 and process 100 to page up or down of the slides. The view of the
acquired image 62 is larger than that of the corresponding projected inage
42, including a left boundary region 62a and a right boundary region 62b.
The |l eft boundary region 62a is pre-deteﬁgined as page-down conmand

region, whilst the right boundary region 62b is pre-determ ned as page-up

command regio I I ot | s detected in the |eft boundar
regi on 62a f o?mé}m%{rbé?g&g%d?r%o ?}g‘a"ﬁﬁﬁ%laf%ﬁf’m?%é tgﬁﬁﬁ{?fgfe"?“ﬁ‘i‘ E’BF&?‘gﬁFﬁe
previous sli deoihtrﬁt_ﬂ@iﬂmﬂm&onmMeNdmdetemﬁthmdtaaahﬁ\&pot is detected in the
G 9pl ays the RO % T o B B Sl 3P vitreig oBinsnie ol bR bl
required withbased interadtivel dispingl sydten Whaideitssopethtion procis 106 esh hles bPresERk at i on
material . [00; - nof.her di t.. the boundary regi,on above the
proj ect ed inaéghPéuag@$#ﬁ€:nggbgﬁdgaﬁﬂé65ﬁﬁﬁﬁﬁu$%g?%ﬁthﬂWI8“?%@“ dhdary
regi on bel ow prograpmejl éetiaett bubd)éferentinteiafer §RAs SifRRGR colOMAnE SXBIRB doritRYi ON.
0075] FIG 7 i des. idlustrati f | yi h t I d
100 10 i ght PR KB R0, eyt b opRReF kSR egevE Sy O 2aeb2b ar o
pr e- pr ogr amrepbitter die disting adri] BicomRe tRANDEY, Of. sRRriMPRELIRG ¢ hé prdRctdd. The
region covereg by Vir uak button 2a 1S gfined as.the command region
for actuating Phe ¢ ae ACtVRAERAl cpn Redrocessd bysthe systemlipuliapeaysiyi ¢ hi n ¢ he
virtual buttomo7zPa in While d¢erprasnendhis IAE Gekn'®Rsbribsibgith Alreiéto prRicifai ned
dr aw mode | n FRBYBREE Moot ol SR i Frabodkifns o s Remd dbd ot
movenent of  inteatibmsepe Snoi s Amited) AlRAiifd @8bddlRnEWE iR YrehiERidnabh Giis! | de
22 by drawing._a |ine COLTES nding to the povenent of the |aser spot 52.
To define a starts HEesa: ¥ ‘?sg aﬂ?%aidW@fy Skﬁl 1%’\56%@ &pwhick the prege ingPHeRd at a
| ocation for mrtgne-Siel eltcfiaresnbodiifentskee GoflsidereMed BY @bARARd witkin b gpiaper at or
10 needs to turn off HFe Iase[vpointer S.for a pre-determned tine and then

point at a vidf§sIPeftthe Aresesp ipvention. Aecordingliy the seogte ©f the Rrescaleinvention it

[00761 I n addietcribed byoth@aypeitizh elaBReina isQppore® bRk kofofis adcapigont rol , the
| aser-pointer based interactive display system| and its operation process
100 can al so be used for




interactive display control by nultiple operators. For exanple, the
conputer 2 is programmed to detect and differentiate | aser spots of
different colors and execute control actions accordingly. Hence, each
operator can send interactive signals by using a |aser pointer of a
distinct control to control the display, e.g. superinposing l[ines on the
projected image. And these interactive signals can be processed by the
system si mul t aneously. [0077] Wile the present invention has been
described with reference to particul ar3 enbodinents, it will be understood
that the enbodinents are illustrative and that the invention scope is not
so limted. Alternative enbodi nents of the present invention wll becone
apparent to those having ordinary skililysin the art to which the present
invention pertains. Such alternate enbodi nents are considered to be
enconpassed within the spirit and scope of the present invention.
Accordi ngly, th p n v r
appendedqcla|%hsgﬁggigwgﬁg%gﬁpp%?ﬁﬁ: %ﬁ%ggéé HgaﬁegﬁéﬁpPF%8“@¥Eﬁ§
1. A procesgs cbmutmbhierabyvahsp ot os@ei doveprisimage di spl ay syst em for
control ling |na e dIS the interactive dIF$ <ﬁ%§te rising: a
processor for? W@?ng ggéa?fa et ingeg 208 rerE anlet ke qug YIREATE of

pur suant to iPinitackivt GigAal i ve signal ; a display surface; a projector for
projecting the processor generated i mage onto the display surface; a laser
poi nter for gédsphyiswdacehe i nteractive signal by superinposing a | aser spot
on the displa eon; and
an i mage sens?ﬁﬁﬁé%%ﬁgeéPﬁéu@?ﬁ?Pﬁﬁgﬁéﬂ% ggﬁﬂlrl g ﬁﬁgégg&%ﬁgﬁﬁggdlsplay
surface so asldser piebtecforighger atntgethamtem:mmsggnall by spedmpooees $aseospot | Si ng

the steps_qof..detect e l.aser, t super ed on the display surface
by perfoPﬂﬁHﬁhﬁﬁ uﬁ%ﬁ%@% a?ﬂ“ﬁ%@S?gg hﬁgﬁ§e5ﬂ% B the proceedi ng
claims; cal cubihf@ sEﬂﬂ;ﬂlgdwifﬁ:E|f&fb0@f1n&dﬁ§l%/%@&1ﬂﬁﬂ§ﬂndg@§%lft%mﬁplay urfabe

cal cul ated durati on exceeds a pre-set thAreshold , locating the position of

the det 82Lg delgsidhe ypgactive Slgnaf

said process comprising the steps of:

C ai ns

detecting the laser spot superimposed on the display surface by performing the
process in accordance with any one of the proceeding claims;

calculating the duration of the detected laser spot;

if the calculated duration exceeds a pre-set threshold, locating the position of the
detected laser spot;

if the position of the detected laser pot is within a pre-determined command

region, executing a corresponding control action.

2. The process of claim 1, wherein the view size of the acquired image by the image

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

3. The process of claim 2, wherein the pre-determined command region is located

within the projected image.

4, The process of claim 1, wherein the view size of the acquired image by the image

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



if the position of the detected |laser pot is within a pre-determ ned
command region, executing a corresponding control action. 2. The process
of claim1l, wherein the view size of the acquired i mage by the i mage
sensing device is the sane as that of the correspondi ng projected i nage. 3.
The process of claim2, wherein the pre-determ ned command region is

| ocated wthin the projected imge. 4. The process of claim1l, wherein the
view size of the acquired image by the i mage sensing device is larger than
that of the corresponding projected ijgage. 14 5. The process of claimd4,
wherein the pre-determ ned command region is |located wthin the projected
image. 6. The process of claim4, wherein the pre-determ ned command regi on
is located in AT K=To ] ' j . : cess of
ciai m 1. Saher oy aPRRU e beth R R RS rodon TBeRECS

el ect r oniwdthimthgprojested imagg.on corresponding to the pre-determ ned command
region. 8. The process of claim7, wherein the virtual button is in a color
contract to the <color of the |laser spot. 9. The process of claim1,

wher ei n vhen @hd poedss 8Polkink §, Witiréih ahd predietcafined chfimbad @8lon it BYE] 1, and
consistently detected_ in the subsequent target image n+i (i=1,2,...), the
dur at i on2bpundary 1gice of BY reiedsd €8¢ i s cal cul ated according to the fornul a
Duration (i)=T,,+, -T,,; wherein T" is the time when target image n is
acquired by the imge sensing device, and T'+i is the tinme when target

i mage n+i’. i s &bgprosess of dlgim Thehgseio eedguad buddraiswrepteditygheprocesha in the
corresponding.contr tion s to displa r.evi ous/ next .

ot ocesbor CeBir ALE B o Rl Wt SehBnBl R Bt FreBhdd Pevafifilicion e
correspondi ng control action is to enter information to the

rocessor-generated i . . . -
P 3. g %l[te process 0 gc?alm 7, wherein the virtual button is in a color contract to the

color of the laser spot.

9. The process of claim I, wherein when a laser spot is initially detected 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 the formula

Duration (()=T,+; T,
wherein T, is the time when target image n is acquired by the image sensing device, and

Ty is the time when target image n+i is acquired.

10.  The process of claim 1, wherein the corresponding control action is to display a

previous/next processor-generated image.

11.  The process of claim 1, wherein the corresponding control action is to enter

information to the processor-generated image.



