SYSTEM AND METHOD FOR PROVI DI NG COVWWAND SI GNALS FROM A CAPTURED | MAGE Fi el d
of the Invention 5This invention relates to a processing system MNbre
particularly, this invention relates to using captured i mages to determ ne
command signals for an application. Still nore particularly, this invention
relates to a systemin which a canera captures an inmage of a user with a
first set of markers proxinmate the head of the user and a second set of

mar kers pr GISELM ANDaVIE T B FORPROVIDINGACORVMIANIESIGNANS ROV A Vi rt ual
reality environnment 10 such as a gane or other interactive application
based on the positions of each QApYpRED IMAIGES. Prior Art Virtual reality
environnents are used in a wde range of applications. Sone 15 exanpl es

i nclude, but are not limted to, video/conputer ganes, simulators, and
conput er ai ded design tools. As technol ogy has progressed, the virtual
reality environnments have becongejqyrend phdatiomnd [ife-1ike. Mst virtua
reality environnents now all ow users to nove an object or thensel ves around
the enyvi r onmentighhbdntioh ¥l 4&ab 8 pfocedsidy SaBAMoldpastidRARSthiNAYentibs Obj ect may
be noved along any axis i.e. x (horizontal), y (vertical), and z 20 (zoon).

The obj eGliaiB @ircapRi Al if1afR W HetdRYn @& dndm iRl SEdatdof & SliéHbh. £AlIONY the z
axis), pitch (about the x axis), and yaw (about the y axis). Additional
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second object, such™as an extremty or a target for aimng a device.

Fur t her mor &, @i kk@0&lor %%eﬁ?o%ageﬁmﬁloglﬂe%%&nﬂ §8Lcoh@sARY hBAles and

mani pul ate the sanme object coricurrent out an inplicit swtch to
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envi ronnent’'s and technol ogy "have advanced, users want t virtual reality”

envi n ogy " Adve “advanced. ™ tiser's it the *
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innersedIﬁgk&he virtual 5 environnent. In the past, several nethods and
systens have been used to track user novenent. One common nethod is t hr ough

the use of notion sensors connected to a tracked object and a second common
nmethod is the use of caneras to capture an image and determ ne noti on based

on the different positions of the ophggkrln t he captured inages.

Virtual reality environments are used in a wide range of applications. Some

15  examples include, but are not limited to, video/computer games, simulators, and computer
aided design tools. As technology has progressed, the virtual reality environments have
become more robust and life-like. Most virtual reality environments now allow users to
move an object or themselves around the environment with six degrees of freedom. This
means that the object may be moved along any axis i.e. x (horizontal), y (vertical), and z

20 (zoom). The object may also rotate about any axis referred to as roll (albﬂg the z axis),
pitch (about the x axis), and yaw (about the y axis). Additional degrees of freedoms may be
added if the user is allowed to manipulate a second object, such as an extremity or a target
for aiming a device. Furthermore, additional degrees of freedom allow a user to navigate
and manipulate the same object concurrently without an implicit switch to change the

25  control of one to the other.



10Motion sensors are typically an accel eroneter connected to an object such
as a user's head, One problemw th the use of sensor is that they usually
require wires or some other form of connection to a conputer system These
connections nmay inpede the user's novenent detracting fromthe enjoynent of
t he experience. These sensors are al so®xtrenely susceptible to wear and
tear as the conponents are constantly used to take 15 neasurenents.

Finally, the precision of the nmeasurenents of the sensors can limt the
user's ability to nove about the environment and performcertain tasks. A
second type of A VEBR] ieglitypavicmmmestsahd (eclusdegyshava pdraacddpuseaplnt ¢hean | mage of
the user and then detect novenment by conparing positions of an object in

t he i mage Viguplheality dendasierl dmthefuser emots) peediselnmanio skeetivn dfMRORS: toltikeone
type of canera system an inmage or an object is conpared to an imge of the
obj ect i nadvariseont the dptail ofthie anvimnatehtomd taiow hige wanerke imeasd tdBe ¢RARRT | SoN,
movenment of the object can be determined. In a second type of canera

syst enP amuvireagent dn gwpsts stermbhuethodsng systahhibava be@alsedoitelcs usssch as Hough
transformati ons and Fast Perspective Transformations are used to determ ne

not i on. | Mmovement2Onprabinemutetimt] icthropik henBt bEfBtidCseab@OEdhbiiEl @ Needed in
both of these systens to detect 3 the notion. Thus, either responsiveness

to nmovenekeckedsbieand asedohd camon nithod i gBe A8 amefas B QHRSShiTiha38 dndeNoOr y
capacity of the system nust be used. Secondly, as a great anmount of

r esour ces deterenimeedich havsediat the tiffeRdnt PEitidds oy tHERb{ et inFhe &B&r&lﬁhﬁ%&s. can be
tracked in an imge in these prior art systens. 6 Thus hose skill ed
in the art are constantly striving to provide a notion tracking systemfor
virtual reality environments that mnimzes the use of conputer resources

whi | e10raxi mi zi Mgtishens R RORFMEPaS Sc@ferdBGesdbth&Md 8 alfBhjoQRucHlQSUMmary  of
t he I nvention
user’s head. One problem with the use of sensor is that they usually require wires or some
other form of connection to a computer system. These connections may impede the user’s
movement detracting from the enjoyment of the experience. These sensors are also
extremely susceptible to wear and tear as the components are constantly used to take

15 measurements. Finally, the precision of the measurements of the sensors can limit the user’s

ability to move about the environment and perform certain tasks.

A second type of tracking system usually uses a camera to capture an image of the
user and then detect movement by comparing positions of an object in the image in the
20 position of the object in subsequent images. In one type of camera system, an image or an
object is compared to an image of the object in a known position in relation to the camera.
From the comparison, movement of the object can Be determined. In a second type of
camera system, an image is captured and complex mathematical models such as Hough
transformations and Fast Perspective Transformations are used to determine motion. It is a

25  problem that complex mathematic algorithms are needed in both of these systems to detect



The above and ot her problens are solved and an advance in the art is nmade
by systens and nethod that performin accordance with this invention. A
first advantage of this invention is that sinple mathenatical algorithns
are used to detect notion. This mnimzes the anobunt of conputing resources
needed to detect the notion and generate 15 command signals. Thus,
degradation of application speed is mnimzed and granularity of control is
maxi m zed theAns®a0Mtispdihanteagasivancsh@dtmbhmennhnd Be Sfcrifibédeortanage aneuwabj ect

may be tracked. Thus, the user is provided with nore degrees of freedom of
not i on whb€proksing bitbmahbwapdche o rsydten Rt Belsed. &eaidiyngs HEre@mni pul ati on
of a device as well as changing the perspective of the viewed display. 20

A syst em h@bugeRedsairtdGronriaing dsiesabion, bAIMMLERDE hcambidciBMelthcRaicor dance
with this invention operates in the follomnng manner. A canera or other

i mage capiditinthgy intBese pHbMIrES/sRsi mage of one or nore objects. Each of the
obj ects has a set of markers having a unique characteristic. Preferably,
each set of these markers has a uni que shape. The inmage 25is then
transmtted to the system 4 The systemreceives the imges and identifies

al | of the marfgisSthbs &NRAiNRGGrt aldlcorOEBH )egmﬂg fmﬁ}gﬁdea%tﬁ%m are
identified by first identifying bl obs of 1ike-colored pixels. Instil

other enb 'téﬂ??ﬂﬁ%xrtu@ﬂ‘eé(ht?'e&th%nhﬁn@ R & t° égmelge 8f lﬁﬁertr&%uéc@&ﬁu@r e 5

considere "Cbnpactness val ues of each is then determned. Fromthe
" CONPACt NESSim¥iAb W Tespb Ry RBEPES FEEmts Ttbxfl'Ed Once the narkers
are |dent|f|1éndll %he ? opertlgs g% ?ﬁ ﬁﬁgrs are determ ned and stored.
Preferably, the properties include a centroid position of each of the

mar kers. After 10 the properties of the markers are determ ned, the markers

are grouped into shapes. In the nt, the shapes are
triangfes made of a group of thrgggﬁgr g?gmqgﬁgggﬁe enbodi nents, the

mar kers are gr rkers,havin Xi t gnpact ness”
val ue and are g%%%%E%MFg%g? e?ﬂ% Swﬁg% dp B e rmﬁ%}ig%% déﬁ? After the

mar ker s hav bee r rou ntl eac t he vement s
|ndlcated$ﬁfnf§m§3§ﬁmgﬁgﬁ g 1i%ﬂ§ Wﬁﬁbgﬁgmﬁggéﬁ?gﬁo ncl ude
hori zont aJ, . novenent, . verti cal ve oom ch .and

or 2ot el VSRR hiksiAS Rerri ??@a sty ¢ f«?hd%p HOTRUPToRRg manner

I n sone errbodlrreq1 t he hori zont al nnvenené g rnlned deternlnlng
an aver a g nimizes the amount of computing resources needed to etect t e motion and generate

15 command signals. Thus, degradation of application speed is minimized and granularity of
control is maximized. A second advantage is that the motion of more than one object may
be tracked. Thus, the user is provided with more degrees of freedom of motion which in
turns allows the user to control targeting or manipulation of a device as well as changing the
perspective of the viewed display.

20

A system for generating command signals from a captured image in accordance with
this invention operates in the following manner. A camera or other image capture device
captures an image of one or more objects. Each of the objects has a set of markers having a
unique characteristic. Preferably, each set of these markers has a unique shape. The image

25  is then transmitted to the system.



20 horizontal position of the markers and conparing the average horizontal
position to the average horizontal position of the markers in a previous

i mge. In sone particular enbodinments, the previous horizontal average is
subtracted fromthe cal cul ated average horizontal position to determ ne
hori zontal novenent. In these enbodinegts, a negative nunber indicates

| eftward novenent and a positive nunber indicates rightward novenent. 5
Furthernore, no horizontal novenent may be determined if the result is
within a tolerance range in sone enbodi nents. Vertical novenent may al so be

det erm ned andritsQe&d rdcBivid e @b OIMAEATBRIEN of thB nRr&ATR tRNRRGENBNt S, the
vertical novenent i1s determ ned by determ ning an average vertical position

of the mMaGkRrIentRRthHRMPE A HEIIRYSERAS MBI iltRinPOSH] dfQfkelPidliE average
vertical position of the markers in a previous image. In sone particul ar

enbodi Mendigels. L AGHR oM QHSodkRE, SRl b%b%riﬁ‘g BreiStettBld #64 Hdnd ﬁ%%&e

cal cul at ed average vertical position to determne vertical enent. In

these g ”Q%ﬂéiﬁ@r@&._s‘fcdfncﬂé%@s"’ VEuddYFREh ﬂlMisQﬁén%%egxgH{@&\’aﬁl‘énﬂiﬂe movenent and a

positive nunber in tes upward novenent. Fur rnmore, no vertical

novenent gy . be dsternlngd L kRe hesild is within a tolerance range in
g?%%nts. ’ '

sone enbo

Once the markers are identified, the properties of the markers are determined and

stored. Preferably, the properties include a centroid position of each of the markers. After
10  the properties of the markers are determined, the markers are grouped into shapes. In the

preferred embodiment, the shapes are triangles made of a group of three markers. In some

embodiments, the markers are grouped by markers having approximately the same

“compactness” value and are grouped in order of ascending x or vertical values. After the

markers have been sorted into groups representing each shape, the movements indicated by
15 each shape are determined. The movements measured include horizontal movement,

vertical movement, zoom, roll, pitch and yaw.

Horizontal movement may be determined and stored in the following manner. In

some embodiments, the horizontal movement is determined by determining an average

20  horizontal position of the markers and comparing the average horizontal position to the
average horizontal position of the markers in a previous image. In some particular
embodiments, the previous horizontal average is subtracted from the calculated average
horizontal position to determine horizontal movement. In these embodiments, a negative

number indicates leftward movement and a positive number indicates rightward movement.



Zoom novenent may al so be determned and stored in the follow ng manner. In
sone enbodi nents, the zoom novenent is determ ned by determ ning an area of
t he shape 15 made by narkers and conparing the area of the shape to the
area of the shape in a previous image. In some particul ar enbodi nents, the
previous area is subtracted fromthe calculated area to determ ne zoom
novenent. I n these enbodi nents, a negative nunber indicates zoont out
movenment Al fnfeSid M&M&Q@&m&qﬁ@fn&ﬂgs BetGRQRR 7 IMEIER bwithil 4 tJMGhABRN €, NnO
zoom novenent may be determned if the result is within a tol erance range
in some 2),emhodiBeRbsdimBhiCh nmovenent may al so be determ ned and stored in
the follow hg nanner. I n sone enbodi nents, the pitch novenent is determ ned
by determ ning an angle proxinate the second or m ddl e marker and conpari ng
the calcul ated angle to the angle proximate the 25 second marker in a
previous | Mgeyeif SaEmBRTLCHLAD. EARRM IR Sorkd fh BE RHGWR, AABLE S 6

subtracted fromthe cal cul at angl e and areas o e curren previ ous

shape are ggrgaﬁ[ ' ' 3 ' ts, a
resul téﬂof “The sgggl‘r‘%@f ﬁ%ﬁz@fg&%ﬁ%\{%@%ﬁ@? ngggﬁﬁgdﬁ%%@éﬁ%g%ggﬁggacti on
of the ar . bej t.han indi oY . and t of

t he subt rgogs }O§ nOfgl?e %ﬁ%ﬁrg aggicﬂggérﬁgéﬁgé&e%ﬁwgleﬁmo}g Ogsgr}lc?qg% rac a%gﬁz@%#ﬁ% t he
areas beipg..greater than.zero indicate itc . . nt may
al so be d@ letg) 'Ogé}%f BRASUOF BFVIN® theSs g‘l‘?%ntv?\% %aglg?}lg%neg%‘pd%&go#gq}e%ﬁ% ment s,
the roll povement is.determned by de 1,ning a _change vertical position
bet ween t}ﬁeét“faiqrtgg?ra%%ﬁ ﬁuﬁ?g?"géﬁ?’i?e%g < #C%{a%]él as"ﬁ%ﬁ% & 1(‘fanlc% PRI tr?géjlettff'ue Thange
in the current 10 image_to, the change .in vertj.cal sit.ians between the
st andvirii dOMERER s thrneHeeShaaerh a et i jhaofn SoHEvad
particul ar enbodi n$nts,.,t he evi Qus cha‘Pr}r% i s subtracted fromthg.

cal culht eBOtRGanY 8 Resitiye Fpmber Bficaten YRWEA (moYemeph e S heBo: AR NEdicah,
negati ve nunber i ndi c%t es ro]l left and,g_ posjtive nunber indicates roll
right. FuPPHERGHFEY b deteanined ihatPRids SHat: & Pl iah Rl ST APtRCEnTHE r ol |
novenent is detected. 15 Yaw novenent rmay be determ ned and stored in
the foll owing manner. I n sone enbodi nents, yaw can be determ ned by the
size of the angi@es proximate first and third marker in the image. In these
embodi nent's, t4rensmpseaentiay alpeybe defeaniged apdibtaeed inrfle olpxing ryARenBY enent
is determ nedn;rémg he anhgl e proximate fﬁgte fi ras\}t) rérarker_ i's gre%%gf thgan t he
20 angl e i@ enenitse thelvop mevekent 1§ Qdicemypayoy a¢ternging &n ragi §98P§ he
angle proximate the first marker is less than the angle proximate the third
mar kefs | madeohemenirbs dindrepmparingdhe/ares afbthe shape 19 thededacrithahdps fn a previous

di fference between the angles is within a specified tol erance.
image. In some particular embodiments, the previous area is subtracted from the calculated

area to determine zoom movement. In these embodiments, a negative number indicates
zoom-out movement and a positive number indicates zoom-in movement. Furthermore, no
zoom movement may be determined if the result is within a tolerance range in some

20 embodiments.

Pitch movement may also be determined and stored in the following manner. In
some embodiments, the pitch movement is determined by determining an angle proximate
the second or middle marker and comparing the calculated angle to the angle proximate the

25  second marker in a previous image. In some particular embodiments, the previous angle is



7 The above and ot her advantages and features of a systemin
accordance with this invention are described in the follow ng Detail ed
Description and are shown in the follow ng draw ngs. Figure 1
illustrating a system for capturing inmges, generating command signals and
5 providing the command signals to a qgcond application in accordance with

one enbodi nent of this invention; Figure 2 illustrating a bl ock
di agr am ofub&IIORERA Gie AalcAl A0 ERSS aR@ 284S toENthé Rtrer @Ml PiRSiods Shseedrei N
accordance with one enbodi nent of this invention; Figure 3

i 'l ustratdédngharedid QuerdiROsiRANYveReRt RABSS chBbdiSRAR BebildofRETIREcton®Tal s 10
froma captured in inage in accordance with one enbodi nent of this

i nvent i ongpgfdl Mg?éatérl thitS bér8 tah @ QuiRrab i Vo ha @FeaibQhg FesP iRGE%H falcadehect i ng
mar kers i n accordance with one enbodi ment of this 1nvention; Fi gure

5 illust Lp’ﬁch ROwR akd Pl KBRS RWEBNRIFAEAS Beih®bredRl BhALED RAd KBUEERIA T
i ndi cated by shapes in a captured i mage in accordance wth one enbodi nent

of thig 19k A& WeliY breater than JetiniRatls 4 pitdishr ating a flow di agram of a
process for nodifying paraneters of the systemin accordance with one

enbodi nent of this invention; Figures 7-18 illustrating views of
i mges indicating different novenents of a shape in accordance wth one

erbodi Ment o BolrRoloh¥RlthhPflse BRI AURE sbitalih TGk hanGARIMERM. | MROE

fromwhi ch markers are ent shapes and novénent 1dentifiers

?ijeﬁteit g;&%ﬁ%@%@; Iﬂ{egrgu Eﬁg‘%ﬁéﬂt {éoc%?e?r%{n@é‘ UG et Qg AR VHRA pRitichN! S
between the first and third markers of the shape and comparing the change in the current
10  image to the change in vertical positions between the first and third markers of the shape in
a previous image. In some particular embodiments, the previous change is subtracted from
the calculated change to determine roll movement. In these embodiments, a negative
number indicates roll left and a positive number indicates roll right. Furthermore, a result
within a specific range may indicate no roll movement is detected.
16
Yaw movement may be determined and stored in the following manner. In some
embodiments, yaw can be determined by the size of the angles proximate first and third
marker in the image. In these embodiments, the size of the angles is determined and a yaw
right movement is determined if the angle proximate the first marker is greater than the
20  angle proximate the third marker and a yaw left is determined if the angle proximate the
first marker is less than the angle proximate the third marker. In some embodiments, no

yaw movement is determined if the difference between the angles is within a specified

tolerance.

25 Brief Descriptions of the Drawings



This invention relates to using captured i mages to determ ne conmand
signals for an application. Still nore particularly, this invention rel ates
to a systemin which a canmera captures an inage of a user with a first set
of marker proximte the head of the user and a 5 second markers proxi mate a
hand hel d or other device; and determ pes novenent in a virtual reality
envi ronnent such as a gane or other interactive applications based on the
posi tions of eBgEbEvOME ofer BRFARIEs anklifgrtiires f d dybtumitin at@sdamcswah e 100 t hat
is executing applications to provide a software 10 application having a
virtual reatitioy s @M N G EdlloxEnADEAIR, D&t oatadl areshomAYn Bkher type of
software platform System 100 includes a conputer system 105 including a
processi ngldRide driARy: Y, and ot her devices as set forth belowin figure 2.
Al t hough shown as a desktop conputer in Figure 1, one skilled in the art

wi |l recogni zeripial ibishetind ¥ BREnPlor CAMRIHEMaSH StRABRLAS BotRRANigha®f and
executing the s%@?mare degirﬁﬁed. D spl ay 11%%1% a L%%, 15 ana?gg di spl ay,
and/ ors COop¥%etdeQR@tontRin@\t HhRRo & QEHIRE hiffickifondn YEHRANBOWth 8hc GRPRUL&]: System
105 to provide imges transmtted fromthe processing systemto a video
driver asysisifRhfidh;i n Figure 2. Keyboard 120 and other Input/ CQutput (1/0
devi ce (Not shown) are also connected to peripheral ports of conputer

system 105 anﬁ%{g&rgzgﬁ\%ﬂaﬁr% 461 &iéﬁﬁ%ﬂaﬁm&&n 5&H!s%f%!?)ﬁ{cﬁ§és‘?x{sgy ; ittt NE

execution of oftware 1 oaded 1hto the nory o em Canera

20115 1S GGty PUIANA Lol AIREA whiliBhe bibGRAPACE Bl hideftbal / 0 POTL Of computer
system 1 to capture I nmages 1or use by software, 1nc udi ng software in

" . ure . . | | rein
accor dance W UL kSl BN Al dfdifar?lt d dBEksl Ror bOfrAlle MhiaiSEARN! 26 that

al t hough the e i men I scFosure~are ed as if

bei ng, exegut ed_hy the. processing s em of .c u 0} he 25 systemin
accor H): n c%&%/l\,i atcﬁp%ﬁefi &M na\%gri ?%Zﬁrc%% ‘%}éh %%(eee&tfoggp%lg gétr%s t lﬁ‘é?ntnﬁg’o cessing system

that 9 connect.s tqg.an 1/0 rt of conmputer 105 for.co nication wth the
Virtual realt b RifBratmf G et B B et R b SR SOERR I HsP Rt " e
processes rfor .by the.systemin accordance with this invention may be
enbodied'Wﬁﬁg?ﬁ?aggﬂn%%gggﬁEﬁyﬁﬁ@nstored in menmory or on a readabl e nedi a;
firmvare; har re;.?nd any ﬁonblnatio of th ﬁreceding formats 5 for use
in the systembrigure s illysiatinga flow f1agrm i prpeesifor detefaigingfpeveielts al t hough

the system s shown as executed by conputer system 105, The processes nmay

al so be pafrgedbyshipesagsrpipedimgeeudcsydaire Fafong guRodigegt %fg%\?er or ot her

connected systens that connected to system 105 over a
15  1nvéntion;

Figure 6 illustrating a flow diagram of a process for modifying parameters of the
system in accordance with one embodiment of this invention;
Figures 7-18 illustrating views of images indicating different movements of a shape
in accordance with one embodiment of this invention; and
20 Figure 19 illustrating a captured image from which markers are identified for two
shapes and movement identifiers are determined for the shapes in accordance with one

embodiment of this invention.

25



10 network, Furthernore, one skilled in the art will recognize that
conputer system 105 nmay be a video gane consol e, sinulator, or other
processi ng systemthat provides the sane functions as conputer system 105.
To use the systemin accordance with this invention, a user would have two
or nore 15 devices such as headgear 139 and hand device 140 affixed to the
user. Each device 130, 140 has a set of markers 135, 145 either enbl azed on
the outer surface or projected fromafidd pedripgsponents. Each set of narkers
135, 145 are laid-out on the outer surface inh the representation of a

shape. I'n figuigs hver@dh Rifbs S8bing baptiek Bhagk3h deldBiR BniShd Qighalk Rortafe shape

of a triangle on the outer surface of devices. Al thouthose sKilled in the

art wll |, Z @y : i . :
B ot or bl FEfiBhZ Bbthole\akn A DE! pARARELEN RIAMARES GAHLIvRRY R8s

t hree di st 3 f Q. i i 3 i j e with
' éa;)ea?és aﬁ%glé HaQfserdsith 4 BrsP Rk bﬂﬂﬁ%@%ﬂuﬂs&f’é%gﬂ%ﬁd%f%%é%ﬁ% Wi

this invention. set of markers 135 scernible from one

anot h edl;u ; Qteﬁorfd%asrker} ?g[ogcﬂﬁaté‘{l ﬁaﬁ’&. ﬂekd (3% g%\?i?eé‘ taﬁ@&et%ﬁﬁers n%lf%&%& ig ?t’ Id be

used. ernore, I'sS envi si oned ot atures such as co

flectivi. . ' ' t, th

v ker s v sNPE ARl SR b e R R aleehltd LRRRERIET )

Li ght Em t{n g¥6?§%Mu$E]g%%% rs, and different colored areas may al so be
I'ng

used wit (ﬁtm %par P%ﬁ] is invention. As shown in Figure 1, the

first device is head gear 130 that is affixed over the head of a user as
gl asses and/or goggles and includes markers 135. One marker 135 is affixed

to each front side ead gear 0,and a marker..135 is als | aced at the
top center of Pﬁﬂ’ée 18‘5‘}?35%5 @%’5%.’” %—@at gtd%%wff% aipghf?igﬁs P r?vr“gec‘ilzso%ﬁ”ear%ead
notion of the user. Thus tion fromhead gear 135 w |l be used to control
The. Thew BPIEHER Ghvinga ralTEity ORI Tn e § Fopdss B o T e

i nvention. g&; se %Pd devi ce is,hugd hel d devi ce %42. nd hel d device 140
is a substfs %ﬂemﬁa PEC Py Eem PO B&S}a &% 2 ROmRYier Sy iere 1B NEf HETFE'88 t he
user. Markers 145 are set_in a triangular faormation about the perineter of
the ci rclit PEvPEe MderhsrdenicpipsesicdPHB PEIRY ig dgies- gL horRes@anera to
capture an i mage of the markers. Since device 140 is hand held, it is

envi si onelgskiep eempuer inEigre b oas pifille intdhreart wilkiseoguizedhat othge peholor in t he
use of grasping objects in the virtual reality environment, Only two
exanpl e compater gxsicmsdie papekle o8 exgoeting the software described. Display 110 1s a LCD,

15  analog display, and/or conventional television connected to a video port of computer system
105 to provide images transmitted from the processing system to a video driver as set forth
in Figure 2. Keyboard 120 and other Input/ Output (I/O) device (Not shown) are also
connected to peripheral ports of computer system 105 and are used to receive inputs from a
user for use in the execution of the software loaded into the memory of the system. Camera

20 115 is a conventional camera that is connected to an I/O port of computer system 105 to

capture images for use by software, including software in accordance with this invention.

One skilled in the art will recognize that although the embodiments set forth in this
disclosure are described as if being executed by the processing system of computer 105, the

25  system in accordance with this invention can be executed by another processing system that



20 given. One skilled in the art will recognize that thereis nolimt to
the devices or positions of the nmarkers that may be used in this in
accordance with invention. Furthernore, although two devices are shown, one
skilled in the art will recognize any nunber of devices nay be tracked in
accordance wth this invention. 11 This invention includes processes
for determning the notion of the obje%ts fromthe markers on the objects.

These prog&asestoah /et of DRGuRY 104 RF ESHBR A EABhE ¥RGHT iy bdtBvare
instructions for performng the processes set forth below Figure 2 is a

bl ock di agg &Eut@d@i%ﬁﬁﬁérﬁ%ﬁw&mﬁr&%e Eﬁ%és@és”ﬂ%rf*oﬁﬁé@oy%@%&%% in

conmputer system 105 7 s 5 enbodi nent. wever, any processing system

havi ng_si Qéch@lﬁnc%%ﬁprﬁg HhsenlBY mQ?bé"érﬁlQJdie% smz{rl‘s ﬁgtril&io}xg ?io Eltén }tﬂﬁ

fnbor
recogni ze that the exact conponents of the systemare t osélskilled

inthe arf, o%%%%iaﬁ%&ﬁé* R ﬁara&gr@f éﬁ?’&ﬁ? c¥hbiBladidd 0?6ﬁé54§&gfn _’I%ﬁgggst t hat

ot her conponents that pérformthe sane functions may be use
departfngef rom hhe systemin accordance with this invention Furthernore,
one skilled in the art will recogni ze 10 that other enbodi nents that

i nclude the processes enbodied in software, firmvare or hardware are
possi bl e without departing fromthis invention. Processing system 200

i ncl udes Cent r@rlxe s%l%ﬁ?x% @'ig% V}L{J'l E[a:is(c)) (ng%ggl)lat %Ql?duﬁ}?ess%gtnaai i3 st ad ekecntiab

m croprocessor, Of a n of proce ﬁlCFOpFOCESSOFg t hat
15execute instructions.t erformthe ocesses .in accordance with the
present iﬁV@%%?Sﬁ%a%fﬁﬁz @8%ﬁ§§?§yﬁ§8h%ﬁ%%§n§ﬂ$yf?§“ RhBFABGE/ out put
(110 bus 215. nory bus 210 connects CPU 205 to ri es 0 and 225 to
{raner t SRS SHG PASEPELY] GRS CHBERELSHE R ReP st R ePU OO 10 bus
215 connects 205 to peripheral devices to transmt data b en CPU 205
and tf2 p%%twgeu‘aﬁhﬁwreeege. Stk 18 e ap Freoepize e Cmt}tew@%faﬁbﬁ%at 20
110 bus 215 and nenory hus 210 nmay @? conbined into onc Qus, or subdivi ded
into manyP%h HEF SRaWEspdimpatop 05 ptherdBatesyne ssieghthrPiPEfes heSqifose skil | ed
inthe art. | A non-vol atile nenory 220, such as a Read Only Menory
(ROV), i sfuaginmeas edmpuserdssionyOhus 210. Non-vol atile menory 220 stores
instructions and data needed to operate 25 various sub-systens of
processi ng system 200 and to hoot the systemat start-up. One 12

To use the system in accordance with this invention, a user would have two or more
15  devices such as headgear 130 and hand'device 140 affixed to the user. Each device 130,140
has a set of markers 135, 145 either emblazed on the outer surface or projected from affixed
components. Each set of markers 135, 145 are laid-out on the outer surface in the
representation of a shape. In figure 1, each of set of marker 135, 145 are set out in the shape
of a triangle on the outer surface of devices. Although those skilled in the art will recognize
20  that other geometric shapes could be used. Preferably, the shapes provided have at least
three distinct points and three distinct angles for use in motion determination in accordance

with this invention.

Each set of markers 135, 145 must be discernible from one another. In this

25 embodiment, markers 135 are circles and markers 145 are triangles. However, one skilled in



skilled in the art will recognize that any nunber of types of nmenory may be
used to performthis function. A volatile nenory 225, such as Random Access
Menory (RAM), is also connected 5 to nenory bus 210. Volatile nenory 225
stores the instructions and data needed by CPU 205 to perform software
instructions for processes such as the processes for providing a systemin
accordance with this invention. One skPlled in the art will recognize that
any numbep of  types REYbALH YOUQfstdnea BRBPT Y and
t he exacﬁﬂ??/%‘évll%%%(@l?%tﬁq%gg{egsshqgé/sd}g@ld%%%gﬁ%?ge to thlosenslei ) ed in the art.
10 [,O devj ce 0 a ' . wor k
device 2 Satﬁrﬁﬁsuafhﬁs ﬁ°§§ gerdég Vq%t %th %gle?? ?g‘h‘%ﬁé‘?% (?a(\%) ec%ng. ggamnse%ﬁ%dgﬂ O bus
215 to exgchange data with CPU 205 for.use.in . i i being. .execut ed by
ey et o oo RL < Bl A ERRL, ARSI

CPU 205. ( anera trransmts

d/ . data from.cPU 205  Keyboard 235 is a f
170 Chat POt DEEUURY “RABIE IR P Lo 1oy i P SRR 8D 2,

240 receiyves display data from CPU 205 and di splay i mages on a screen for a
user to SBBIMERHEYy 245 is a device that transmits and receives data to and
from CPU 205 for storing data to a nedia. Network device 250 connects CPU
205 to a network for transm ssion of data to and from ot her processing

systens. 20 This invention relates_ to, proyjding control signals to an
appl i cati on bdSehovpBnigue pfhfi%éﬁ dFYiggys he aﬁﬁﬂt#‘ﬁths §$’§ﬁ‘i%&r§?‘e e@%ner at ed
based upon the notion of the object in the ca red i . i of the
obj ect | LigasEmaElieys B eroeeiss Wﬂ@dﬁﬁr%@%gg 8?86‘3??2%%?/%%"%&8%3& ng
system Although, the processes of this_ enbodi nent arﬁ {g)referabgg encoded
25 usi ng setuirogsulesk headggsar Boamd amar 13- salgglicsdattheor serer ol S gr ammi ng
| anguages may be 13 used to encode the instructions w.thout ,def\{i ating from

t he ptocdead pear.dteed eearids innseh thisachdachaed aptiensbiie vesit Shuss meRes9%Ryent i on.

Figure 3 illustrates a process 300 for generating command signals in
accor dandwad gear 135 will be used to control the view of the virtual reality environment in this

embodiment of the invention.

The second device is hand held device 140. Hand held device 140 is a substantially

15  circular object held in the palm of a hand of the user. Markers 145 are set in a triangular
formation about the perimeter of the circle. Device 140 is held facing the camera to allow
the camera to capture an image of the markers. Since device 140 is hand held, it is
envisioned it can be used to control the targeting of a weapon or in the use of grasping
objects in the virtual reality environment. Only two example of device with markers are

20  given. One skilled in the art will recognize that there is no limit to the devices or positions
of the markers that may be used in this in accordance with invention. Furthermore, although
two devices are shown, one skilled in the art will recognize any number of devices may be

tracked in accordance with this invention.



5 wth one enbodiment of this invention. Process 300 begins in step 305 by
receiving a captured imge. The inage is captured by a canera and passed to
process 300 in step 305. One exanple of a captured image is shown in Figure
19. In figure 19, an InfraRed (1R) filter is used to just detect the |asers
of markers 135 and 145 of systen1100.1As can be seen a first set of markers
1910, 1915, and 1920 have a uni que shaﬂe, inthis case a triangle, and 10

formfirst shapgs h9afioWlchllied Sroestds! (B @ miring i SaoRiBR OfinEBBfectd\ioeCBad set
of markers 1925, 1930, and 1935 have a uni que shape, in this case a circle,

and formg,%660RdhsShiiRe, 020 piab&ts 418 p@efidd 8y ?f&c@é@_ﬂl%%ystéﬁé é{rec&th% thgrage is

received, the predetéermned markers are identified in Step 310. I5 Thus, in

i mage 1900 REKEHS pekRkfing HEk oca%g%?et 538 Belod ¥ urN 2 IR BMpBarh @Rt i fi €d

9
in step 310. Figure 4, deScribe ow, provides one exenplary process for

| denti 1 i gedlif BRIKPHS: pebhAOMAR 2UACk: B QRERRESy M I6eAlL  cation my be

used. After the rker ers are grouped into shapes

oo S TR o SR e Ayt R guged |0

shapes 19 s e oupi ng I's performed by storing

the gr OUD&ge | gétﬁ% ﬁ%e&agtrv\xéig?gﬁoggﬁgﬁlal%%x&?c%ﬁ%oﬁg@t% %gﬁlfe ‘é%s?erﬁ Hl%h@iﬁ?b an array

or a linke I'S envi sione rouplt ng nmet hods may be

used, 0 £a96; 6AHGHEALL NS L Ie IALKE! e A0S ILANREY ol B0l dGh o0 sAFendi ng X

or horizonta ues in racture. This W aci |1

cal cul ati ons | ater,, especi.al | 14.in the cas e e and 1955
are triant §n3r§ts{ t?eﬁ@nﬁg&s %‘85‘8“’8%50’8% en‘fsg(.?w %&tgﬁﬁ a{}f‘u‘? ﬁ%%w%e art ot her
met hods may. be used, The.mti.on identif.iers for .Shape ane_t hen

det er ni neségtieﬁ‘ 10 ARLOTdeR e WVI?TB‘I‘W?‘%IOB YhRERTe O%eosg‘ﬁfz:e ﬁ?%ie,aﬁ\yvelgltr?c@ 7€ z00m
roll, pitch and w_ are determ.ned for each,shape. EFigure 5 illustrates a
procebs ftg?t O(aﬁléetr@gﬁpﬂg‘eﬂtﬁﬂ?agwcwggﬁﬁm?@ﬁ?s F’ﬁb%%%‘g’rncfgﬁg evﬁ‘[nﬁw%ﬁgr enbodi nent
of this inwfntion. Once all of the tion.identifiers are determ ned for
each shagBrdWHe aEedionuie Vot gepariing BPR e P61 ansl ated i nto cormmand

signals if an interface is required to allow conmunicati on between process
300 and the application requiring the signals in step 325. For exanple, the

signals may be translated into signals expected froma joy stick, keyboard,
nouse, or any loeerstngBpieRe00iesdeniCentrelfaocssrinmbnii Kol [i])ci.QtSi 6RUr2 i ¥ es
signals to continue processing. Alternatively, the_ calculation could be

di rect | y B5Pe9SQiaBicrapreqsssos, @atmbireindtign @4 Prsessos andmiGerrpsessbhiiat i bl e wi t h

a systemin accordance with this invention. Process 300 then
15  execute instructions to perform the processes in accordance with the present invention.

CPU 205 connects to memory bus 210 and Input/ Output (I/0) bus 215. Memory bus 210
connects CPU 205 to memories 220 and 225 to transmit data and instructions between the
memories and CPU 205. /O bus 215 connects CPU 205 to peripheral devices to transmit
data between CPU 205 and the peripheral devices. One skilled in the art will recognize that
20  T/O bus 215 and memory bus 210 may be combined into one bus or subdivided into many

other busses and the exact configuration is left to those skilled in the art.

A non-volatile memory 220, such as a Read Only Memory (ROM), is connected to
memory bus 210. Non-volatile memory 220 stores instructions and data needed to operate

25  various sub-systems of processing system 200 and to boot the system at start-up. One



ends when command and/or determ ned notion identifiers are transmtted to
the desired application in step 330. Figure 4 illustrates process 400 for
identifying the markers in step 310 of process 20 300 in accordance with
one enbodi nent of this invention. Process 400 begins in step 405 by
detecting blobs in the captured image.,,In this enbodi ment, bl obs are groups
of adj acent pixels having the sane andFor substantially the sane color. The
det er m nadikiRR ih eGP Will ¥RhiBe ihat MR bimkBOYMy AR AL hiembBf thayt K isB@&e skilled in
the art. Typically, blobs are a group of adjacent sane col or pixels of at

| east a cgefosth i f&Rtion. 15 Once all of the blobs are detected, the
properties for determning shapes fromthe blobs are calculated. In this
enbodi ment, conpactness of the blob is cal cul ated. For purposes of this

di scussi on, compactness is a neasurenent of how close all particles (in

this case piXél $)iafleGndnt YL SRR RARIonh Rc&é%@lvféﬁio‘?ﬂRAlng‘?s_ AQBHAERESS can

be derived fromb5 perineter and area (which may be established by counting

the ouy erto%eggr§ Sﬁwd. Folafile Al 93 8oy Eﬁ%gﬁsu%ticﬂi b Sath ﬁéeg@a vPlpihe

. S
obj ect. Typi conpactness I's expressed as: 4/c(area o

obj ect) / (Rper) f QFU N Y@gi | 34 obj ect.
Once, théﬂg$hg§%§%é§§ ochggg%%émis Iﬁ%%%#§P%nﬁéﬁpon%%%%%ﬁﬁgg%ﬁéggonpactness
for the s S . ATRY: . ] f~CO t. . r | east

w thin anoaendrost S FTBE riof o ROTRAS P AR duf sfSpae B b 25°
mar ker. The .desir ed operties,for .each found. narker | cul at ed
and st or ot Bt aRt SRR T bt Sea G BB B PR B B o
each marker .| ound. . The centroid,is.the center of the object also known
as the cé%?%F§8$aﬁ?gV#Fvgaﬁﬁg”ﬁ%”ﬁBﬁ%8“U§F g comon wel | known techni ques.
For purpose of the rest of the 15di scussion, when | ocation or position of
mar kef” i s di scussed, the location or position is referring to position of

t he centroid. .
1/0 device 230, keyboard 235, display 240, memory 245, network device 250 and

any number of other peripheral devices connect to I/O bus 215 to exchange data with CPU
205 for use in applications being executed by CPU 205. I/O device 230 is any device (such
as camera 115) that transmits and/or receives data from CPU 205. Keyboard 2351s a

15  specific type of I/O that receives user input and transmits the input to CPU 205. Display 240
receives display data from CPU 205 and display images on a screen for a user to see.
Memory 245 is a device that transmits and receives data to and from CPU 205 for storing
data to a media. Network device 250 connects CPU 205 to a network for transmission of
data to and from other processing systems.

20

This invention relates to providing control signals to an application based upon a

captured image. The control signals are generated based upon the motion of the object in the
captured images. Motion of the object is determined by the following processes executed by
the processing system. Although, the processes of this embodiment are preferably encoded

25  using C++, one skilled in the art will recognize that other programming languages may be



After the properties of the markers are determ ned, the markers are grouped
into shapes. In this enbodi nent, the markers are grouped by equal or
substantially equal 20 conpactness val ues which indicate identical shapes.
For exanple, markers 1925, 1930, and 1935 of inmmge 1900 are circles and
have a conpact ness of approxi mately 113Thus, t hey can be grouped together.
Mar kers 1910, 1915, and 1920 are triangl es which have a conpactness of

appr oxi najsed ¥ enéodehe ibthichefs witttRt &faunk BGmBY phecd af gocbiilatdcdeith e
ascendi ng horizontal or x values as described above. After the markers are
grouped HeQeRes eADIBBAS of thkGnvention. Figure 5 illustrates process 500 which
is one process for determning the notion identifiers in accordance with
one enbodi nent of this invention. To facilitate the discussion of figure 5,
Figures 7-18 are provided to show the notions of a shape based on a current

and a prior imgge.3 IRk PAOESs 950 fohbShching Yoimand sibhds AARtdrllaRe Of the
shape in a 5 prior image is shown in outline formand the position in the

current iBOSel bRt bﬂhﬁ%xlegu&i) P ceE S G0REIR e steP 56 Biebdi@dghn the art
will recognize that the follow ng equations are glven for a trrangul ar

shape Hovelgﬂegéfpa%smew gd 8da eﬁrﬁ&gg ggeemﬁ&a'ah&ﬁas'séa &@%c@gstzo@%seagow I

nodi fy the e MAt oth trical apes using sinple mathematics

and geone(gxgeye?\aﬁ Breloza cﬁﬁthx%ﬁ 1&19 oSt Ao wi gé&‘} fslﬁ r%‘t&% 8% ﬁﬁ&ﬁ%@tlﬁ?h' fall of

t he narkers orthe shapes ffe inare erest 1905 e i nmage.

A regi on Q%Q(F to Id%t%ct%ﬁ'é’ lag{rggf rga(rk%rp 23 £ fhr5 sﬂfsqa'g §60. -gjteE g@k’eelﬂe

deternlne I'sC I'ncl uding p|xe S out Si regi on of

i nt er est a 1rgts€p§fnmaﬁ rgﬁﬁhﬂﬁ'% &EM}% z?t'm ﬁrg% QQ@?E?’E eaan(&onpl ete

nunber of nar oes no ave er 0 rkers

defau] t siagn ch the gl of n [ used
for sl ﬁ%ﬂﬁ?ﬁé&ag Bod i 0 35S ehapa e %%G’Zr /198, voed,
as a deS| f t hose ski begins in
atep 508 HyocBadE e&ﬁ’“&%‘fé%%PeﬂB?h‘ﬂ%atS%Prﬁfﬁ&t‘iné}rf"%‘?  pepPERpal % fiors,
The deter WQIIOHS of the notion identifiers begin in step 510 by

det er ni nl‘% 15 2878 24§®&l%g hori zontal novenent. Figure 7 illustrates |eft
hori zontal novenent in which present shape 705 is shifted to the | eft past
of shape 700. Figure 8 then shows present image 805 shifted to the right of
past shape 800. One will note that the size of theegggges does t change.
Thus, the shi e 8 ipeedisrechichdhe pdeemped gkerer ’zf’@éllks?ﬁ ri zont al

position of the narkers in theggresent imge to the average x_or. horizontal
posi t1%n BfusI8 imegeaddPe, markers AP EY il BLS 19Hhd82%nd 93hewh 191 arpalepbiisdoiisty

equati on: o
310. Figure 4, described below, provides one exemplary process for identifying the markers,

although other processes of identification may be used.

After the markers are identified, the markers are grouped into shapes in step 315.
20  For example, in image 1900, the markers are grouped into shapes 1950 and 1955. In this
embodiment, grouping is performed by storing the grouped markers for one shape into on
data structure such as an array or a linked list. However, it is envisioned other grouping
methods may be used. To ease calculations, the markers are grouped in order of ascending

x or horizontal values in the data structure. This will facilitate calculations later, especially



17 Movenent _horizontal = (gl x+q2x+g3x)/3 - (pl x+p2x+p3x)/3 Where: gnx= the
hori zontal position of the nth marker in a shape in the current inmage, q;
pnx = the horizontal position of the nth marker in the shape in past image,
p. In this neasurenent, a negative nunber shows novenment |left and a

posi tive nunmber shows 5 novenent right,,To prevent subtle nmovements from
causi ng novenent detection, a tolerance range of for exanple -.5 <

hor i zont alin il a@eHereshaie 1969 ahd 0 Bak-€triAAplbO4s i el Rbcribod efMBadimehfs. Oge

possi ble that this tolerance is adjustable by the user or an application
recei vi ngskihed ;man@mnéthetshétBo® nffyazassed.such as the process shown in figure 6
and descri bed bel ow. However, these are left to those skilled in the art
maki ng and/ or using a systemin 10 accordance with this invention.

Vertical novenent is determ ned and stored in step 515. Figure 9

iI'lustrates UpTREElotv@ fbEHers oY bach sPBlard tRed MG hidiies §p 350 aREiP0S s
shifted up fromshape 900. Figure 10 then shows present imge 1005 shifted

t o dovewaegbbdiRBhtPRszoSRRREEA 0o ORI }Mt&ﬂ arldQfa® b terdindd®r SlcBShk, t he

shapes does not change. Thu§, the shiff can be determ ned by comparing the
aver age YF%rélﬁﬂﬁllstﬁﬁéls aARSdekd ﬁ?d&%ﬁiﬁ%@%&ﬁ%ﬁiﬂe& hREcRifREWitmiogBge to the

average y or vertical position of markers in a previous inmage as shown in
the foll oyhpsuigemalrinvdygment vertical = (gqly+q2y+q3 y)/3 - (pl

y+p2r 1p3y)/ 3 Where: gny= the vertical position of the nth marker in a
shape in the current image, q; pny 20= the vertical position of the nth
marker in the shape in past image p. In this measurenment, a negative number
shous downwar dofevetRie AthAaBRcH FEaQUTREL BOMR SRLERELHRMRr d. TO
prevent subtle novements from causing novenent detectronh, a tolerance range
of ¥ Olio EXRffR:ffers fap v RI o JIRVENE M s O R iiBYud NGRS PONBRT T 20N 2

novenent . t IS possI ance 1's adj us Yy PWG user or

| i ion .25. i Vi th d usin . . h
Chown 1 n g egion B Bhetal o8 SaTRE i BB RE PR B 8Bt O Those

is Ei/leln,??olnl.gorteb(gmp e,t ther:rgikglnﬁg m%9 {3 ?rgmslllgcé({] i%toasigsr}éfste?q%cgtgd ggxﬁ%‘}g? S ?CE, l\é\éy%(r)]aré,hl S

mouse, or any other device from which the second application receives signals to continue

processing. Alternatively, the calculation could be directly provided to application designed
15 to be directly compatible with a system in accordance with this invention. Process 300 then

ends when command and/or determined motion identifiers are transmitted to the desired

application in step 330.

Figure 4 illustrates process 400 for identifying the markers in step 310 of process
20 300 in accordance with one embodiment of this invention. Process 400 begins in step 405
by detecting blobs in the captured image. In this embodiment, blobs are groups of adjacent
pixels having the same and/or substantially the same color. The determination is color
value is well known and is left to those skilled in the art. Typically, blobs are a group of
adjacent same color pixels of at least a certain size.

25



Zoom novenent is determned and stored in step 520. Figure 11 illustrates
zoom 5out or backing away fromthe screen in which present shape 1105 is
smal | er shape 1100. Figure 12 then shows present imge 1205 zoom ng in or
com ng closer to the screen in which present shape 1205 is |arger than past
shape 1200. One will note that the arﬁg of the shapes change. Thus, the
zoom can be determ ned by conparing t average area of the shape forned by

the markers iy LOg) BFBSEbs irBBEEHEN thdWrE YRl ol ABRIRIASy SRPWTFrdrh ifehe
10f ol | owi ng eqd%t?%ns: E@%%? aréé Fseﬁgﬁgrningd fornﬁﬁé sﬁape in each of

the pres | 04 S, 4 S| i i 2orMB=SQrt
(o s B B S Rt st ( (e

X - I’T‘BX) ND4 _ A, - * + = . . .

(e (o BafHop Tt dsIB, ol FRATA bR R Row close L pSEes (O e e

| mge P QhoeGix o) AR Ak G £BBer 1TRIELBR] The BELRRIEATARBE LRI fdiROe; X bei ng
?

hori zont a osition an ytbelng vertical position. 20 Once the area of the

Shapes S B AT LSl ORGSR 20) 1R, 2053, 05 ORBELIAT 1
With the tcl;tgll rllu?n -ep 9t pengé’l? {aire%?(:)f t%g 8br5‘1ec:t. qf’};p?caallg,acroﬁl%actness is expressed as:
M= 4n(area of object)/(perimeter of object)"2
Where M is the compactness of the object.
Once, the compactness of a blob is known, it is compared to the compactness for the shapes
10 of the markers. If compactness are equal or at least within an acceptable tolerance of being

equal, the bob is identified as a marker. The desired properties for each found marker are

then calculated and stored in step 420. For purposes of this embodiment, the centroid of

each marker is found. The centroid is the center of the object also known as the center of

gravity, and is found using common well known techniques. For purpose of the rest of the

15  discussion, when location or position of marker is discussed, the location or position is

referring to position of the centroid.

After the properties of the markers are determined, the markers are grouped into
shapes. In this embodiment, the markers are grouped by equal or substantially equal
20 compactness values which indicate identical shapes. For example, markers 1925, 1930, and
1935 of image 1900 are circles and have a compactness of approximately 1. Thus, they can
be grouped together. Markers 1910, 1915, and 1920 are triangles which have a compactness
of approximately, 7/3. Further, the grouping may be done in order of ascending horizontal
or x values as described above. After the markers are grouped process 400 ends.

25



19 In this neasurenent, a negative nunber shows zoom out novenent and a
positive nunber shows zoomin novenent. To prevent subtle novenents from
causi ng novenent detection, a tolerance range of for exanple -0.5 < zoom
<0.5 may indicate no zoom novenent. It is possible that this tolerance is
adj ustabl e by the user or an applicatiﬂp 5 receiving the command using a
process such as the process shown in figure 6 and descri bed bel ow. However,

these are | ef t FigOretditig@rasdsiptdced 500 wihitd iabhe Frokds br ABEnAhing Shd¥otorSySt em i n
accordance with this invention. Pitch novenent is determ ned and stored in

st ep 525. ideh@fidreinladcoiihits b lons ebddiRediQrRas vetioaPWaItalslih{a i ch present
shape 1305 has | arger shapes at the bottomand a snaller shape on top than

shape 1305i.scd§isi§hlbﬁﬁg&éﬁﬂ’lgﬂe§h@8\@re@r6ﬁ&dft@%ﬂw theQMotHOVEr MG ELREESERT | Mage
1405 has a larger top nmarker and snaller bottom nmarkers than past shape

1400. As tilifent & ARErRAREOTHSNARSS Fils AABIBA, thOP&itn Jg i @ikl ce the

shape of the triangles forned changed. Thus, pitch can be det'erm ned by the

si ze of tpeorandheisRhO¥ Ruflink Réint SR (AL pckRRBGR L dﬁﬁ’%lll(tq{{'laéé}ﬁg@&ﬂ% iﬁrem?% | owi ng

Therefore, conparison of this angle can indicate pitc

: ind :Di __Fi p .S f th
equat i onsfEAN FRghaRtk, bRe filind nli)glte%ﬂ Wlﬁ'réc%%ﬁzggla{ ﬁ?gélg)g&fé%é ﬁtl%ls e of the
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p being the previous inmago; X ‘belng horizon ar p&§| ion and 'y §e|ng

vertical position. After the sides are determ ned the arccosine of the
sides is used to determ ne the angle proximate the second nmarker using the
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captured image. This may be determined by discarding any blob including pixels out side
the region of interest and then determining whether each determined shape has a complefce
number of markers. If a shape does not have a full number of markers, default signals such
15 as the last set of determined signals may be used for signals generated from the motion of

that shape. However, this is left as a design choice of those skilled in the art.

Process 500 begins in step 505 by selecting an object for determination of motion
identifiers. The determinations of the motion identifiers begin in step 510 by determining
20  and storing horizontal movement. Figure 7 illustrates left horizontal movement in which
present shape 705 is shifted to the left past of shape 700. Figure 8 then shows present
image 805 shifted to the right of past shape 800. One will note that the size of the shapes
does not change. Thus, the shift can be determined by comparing the average x or horizontal
position of the markers in the present image to the average x or horizontal position of

25  markers in a previous image as shown in the following equation:



Then If (pitch >0) and ((p2_area-g2_area) >0) pitch = pitch up else (pitch
>0) and ((p2_area-g2_area) <0) 10pitch = pitch_down where g2 _area equal s
area of the second marker in the current image and p2_area equal s area of
the second marker in the previous imge. 15Roll novenent is determ ned and
stored in step 530. Figure 15 illustr s left roll novenent in which
present shape 1505 is tilted leftward from shape 1500. Figure 16 then shows

right roll noveweshenthiRtiode @ILseRtqIVBYE ERdxty3k)/ed ri ghtward from past
shape 1600. One will note that the size of the shapes does not change.

Thus, t hevahid: tgn&amdiRrigdeitarpakinedofie SOMRAL Y a ke BVEE 3@eeny irRigey@r ti cal
change of the first and third markers in 20 the present inmage to the

aver age Ypid =uRhbliatal YognaEohe fith bk ANtk Rhdd iPik Biazel ) @ previous image
as shown in the follow ng equation: Mvenent roll = (gly-q3y) - (pl y-p3 vy)

21 tithis bR surBASM! £ARATve RinthROMWN SrdVeRbRT S BRWSpdstive nti@bbr SBYEMENt
and a positive nunber shows right roll novenent. To prevent subtle

movenest Suh{Gmn¢ ALRL N JIORIRBlC A8t &FdntOfom RalsHShARGRA! @B for exanple
-.5 < vertical novenent < .5 may indicate no 5 horizontal novenment. It is

possi bl e {dnainck Blnge Lo RBES: LS <ddlittttA M & Al NS iSALiLke AThARRKIFAl | ON
recei ving the comrand using a process such as the process shown in figure 6
movement. It is possible that this tolerance is adjustable by the user or an application
receiving the command using a process such as the process shown in figure 6 and described

below. However, these are left to those skilled in the art making and/or using a system in

10 accordance with this invention.

Vertical movement is determined and stored in step 515. Figure 9 illustrates upward
vertical movement in which present shape 905 is shifted up from shape 900. Figure 10 then
shows present image 1005 shifted to downward from past shape 1000. One will note that

15 the size of the shapes does not change. Thus, the shift can be determined by comparing the
average y or vertical position of the markers in the present image to the average y or vertical
position of markers in a previous image as shown in the following equation:

Movement_vertical = (qly+q2y+q3y)/3 - (ply+p2y+p3y)/3
Where: qny= the vertical position of the nth marker in a shape in the current image, q; pny

20  =the vertical position of the nth marker in the shape in past image p.
In this measurement, a negative number shows downward movement and a positive number
shows movement upward. To prevent subtle movements from causing movement detection,
a tolerance range of for example -0.5 < vertical movement < 0.5 may indicate no horizontal
movement. It is possible that this tolerance is adjustable by the user or an application

25  receiving the command using a process such as the process shown in figure 6 and described



and descri bed bel ow. However, these are left to those skilled in the making
and using a systemin accordance with this invention. 10Yaw novenent is
determ ned and stored in step 535. Figure 17 illustrates yaw right novenent
in which present shape 1705 has a | arger shape at the bottomright and a
smal | er shape on the bottomleft than,shape 1700. Figure 18 then shows yaw
| eft where present image 1805 has a | arger marker on the bottomleft and

smal | er eI HdWevENBef0lhd RS HEBS sy Bkt BAeRCanifRQsind\a sydién Bot t om
shapes are change, one will also notice the shape of the 15 triangles

formed chapggshce HiShis ¥A¥httan be determ ned by the size of the angle
proximate first and third marker in the i mage. Therefore, conparison of

t hese angles can indicate yaw. Thus, the follow ng equations can be used to
find yaw. First the length of the sides of the shape in each of the present
and previ ous iARGEn & chicHEt AEEINTAE Al sRed iﬂ%te%@iszmfﬂgs BOHHRRS60rR0NT esqr t
((m x-nm2x) *2+(m y-nm2y)”*2) nb=sqrt ((nBx-nm2x)"2+(nBy-nky)"2) nc=sqrt ((m

X- MBX)eA2 +4u@%y5%@§g)a®§9 r¥A8AEsBoen tn Wi g&sagléﬁépean 985 sffaib@asaRe; nr-

i mge p or Q; ing current inmage an el ng the previous imge; X being

hor | zont ok, B0S) QYD bechge YA JobRndIASh by ALAE nRrcck e S1 des are

determn e arceosine o I's used to deten-ninc the angle
et ' . L awi o ”
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imate,th ..Pangl e .1 .and pangle 3 are . Jf Pangle 1 i
o eator ram gty SveRareid (BOTeRA e Bt u e AbEl s be TM Ren 1

yaM/Iefté;ﬁ indiqgﬁgdu After all of the novenent identifiers are
det er'th ne@PBIPESIWHSPE, process 500 deternmines if identifiers for another

shape nust, calculated. in_ step.540. If e shape remain,. process, 500
repeat s ?ﬁrlﬁﬁ?@? 5 C%BmSé]ﬁErth %@sﬁa’%}b‘gaéﬁggsenggfgrr%ﬁgg‘és lggée 5% at es an
exenpl ary_process for changi ng any paraneters

following equations:

Ma=sqrt ((m1x-m2x)"2+(mly-m2y)"2)
mb=sqrt (m3x-m2x)"2-+(m3y-m2y)"2)
15 me=sqrt (m1x-m3x)"2+(mly-m3y)"2)
ms= 0.5*(ma+mb+mc)
marea = (ms*(ms-ma)*(ms-mb)*(ms-mc))
where a, b, and ¢ equal sides of the shape; m= image p or q; q being current image and p
being the previous image; x being horizontal position and y being vertical position.
20
Once the area of the shape from the current image (qarea) and the area of the shape from the
previous image (parea) are determined, zoom is determined in accordance with the
following equation:
Zoom = garea-parea

25



I ntol erance factors or translations. In this enbodi nent, process 600 is

I nvoked when a specific key conmand or button is received by the processor.
Process 600 begins in step 605 by displaying the current settings. In step
610, a user inputs a nodification to the paraneters. This nay be done by
entering a nuneric value or sliding a1gisplayed power bar 20to the desired
setting. In step 615, the setting is réeceived. The new setting is stored in

step 620.1nAfit BleaduliShRE WnSSkivE RENbE sBEWS Rfbm-PitOERS MU Wbbifivd Aimtrew
command in step 625 or nay end. The above is a description of an

exenpl ar heFP BN horbnedt, S8t fibtie &RREAEA I FodeMM I Bbvendnal s using a
captured inmage. It is envisioned that this invention is particularly 23

usef ul i RieRcMbd, b ¥brah@BhddeYor BN ek EBRNEENS < JIOMEVES mal indi&Ye AAMRNPt her
applications. I't 1s envisioned that those skilled in the art can and w ||

desi gn ald &reRRhi, ¥§s FIEReRI ik Aistofdradd iissad;ﬁwaﬁ,hmﬁﬁe LoRbr Arfllatd;ph&ar%non the

i nvention as defined in the clains set forth below. 5 24 \What i s

clai mgd iSceiving the cortmahtl EQL s ERAMERRGR0dcSs APwARPhEGR!A8 dBRDE:
executedﬂ??%?%o?f&are sy§§% conp?%ging: 5%%16%i?ry c%%?igure to receive
a captur %@10%%%\@, these are left to those skilled in the art making and/or using a system in

accordance with this invention.

Pitch movement is determined and stored in step 525. Figure 13 illustrates pitch
10 back or upwards in which present shape 1305 has larger shapes at the bottom and a smaller
shape on top than shape 1305. Figures 14 then shows pitch forward or down where present
image 1405 has a larger top marker and smaller bottom markers than past shape 1400. As
the top and bottom shapes are smaller, one will also notice the shape of the triangles formed
changed. Thus, pitch can be determined by the size of the angle proximate the top or
15  second marker in each image. Therefore, comparison of this angle can indicate pitch. Thus,
the following equations can be used to find pitch. First the length of the sides of the shape
in each of the present and previous image are determined using the following equations:
ma=sqrt (m1x-m2x)"2+(mly-m2y)"2)
mb=sqrt (m3x-m2x)"2+(m3y-m2y)"2)
20 me=sqrt (m1x-m3x)"2-+mly-m3y)"2)
where a, b, and ¢ equal sides of the shape; m= image p or q; g being current image and p
being the previous image; x being horizontal position and y being vertical position. After
the sides are determined the arccosine of the sides is used to determine the angle proximate
the second marker using the following equation:

25 mangle2 = arcos((ma’2+mb”2-mc"2)/(2*ma*mb))



circuitry configured to identify a first plurality of markers in said
captured i mage, wherein said circuitry configured to identify markers
conprises: circuitry configured to detect a plurality of blobs in said
captured inmages, circuitry configured to calculate properties for each of
said plurality of blobs, 10circuitry cgnfigured to identify each of said
first plurality of markers fromsaid properties of said bl ob,

ci rcui t ry Vawnd dnglaie thetsizedé the rnglaen peaip by the esagefforesltith bk asgle th ghape @l i ty of
mar ker s, circuitry configured to store said determ ned
properti ebeifgdetemthedof said 15plurality of markers; circuitry configured
to arrange said first plurality of markers in a first shape; circuitry
configured to determne a first plurality of conmand identifiers fromsaid
first shape; and circuitry configured to translate said first

pl ur al i t yOofe theommgleschre thend,ipitcleissicienhime th the fathndnShgnat:s 2. The
systemof claiml wherein circuitry configured to cal culate said properties
for eath of sapitthpdpangleidayglof bl obs conprises: 25 circuitry

configured to determ ne conpactness each of said plurality of blobs wherein
conpactneSkeni s a neasure of relative distance between a plurality of pixels
in said blob. 53. The systemof claim2 wherein circuitry configured to
cal cul ate sai difpsiepen) ueS(§20kregaghred) i d plurality of blobs conprises:
pitch = pitch_up
else (pitch >0) and ((p2_area-q2_area) <0)

10 pitch = pitch_down

where q2_area equals area of the second marker in the current image and p2_area equals

area of the second marker in the previous image.

15 Roll movement is determined and stored in step 530. Figure 15 illustrates left roll
movement in which present shape 1505 is tilted leftward from shape 1500. Figure 16 then
shows right roll movement where the present image 1605 titled rightward from past shape
1600. One will note that the size of the shapes does not change. Thus, the shift can be
determined by comparing the average y or vertical change of the first and third markers in

20  the present image to the average y or vertical change of first and third markers in a previous
image as shown in the following equation:

Movement_roll = (q1y-q3y) - (ply-p3y)

Where: qny= the vertical position of the nth marker in a shape in the current image, q; pny

25 = the vertical position of the nth marker in the shape in past image p.



circuitry configured to determ ne an area of said blob; and circuitry
configured to determ ne a perineter neasurenent of said blob. 104. The
systemof claiml wherein said circuitry configured to determ ne properties
for each of said plurality of markers conpri ses: circuitry configured
to calculate a centroid for each of said plurality of markers wherein said
centroid includes a vertical position?hnd a horizontal position in said
captured image. 15 5. The system of claim4 wherein said shape includes a
first one of said plurality of markers, a second one of said plurality of

oo ot o huifuhhsRBRet 5 Sl bR kel FREKSI S AN RhCL | oul LTy

configured to ermne a conman entifrers from said shape
conprises; 20circui.tr onfigured to t i ne : Ld first,
cecond aftmoR TS Rel et SRAHr B bt E5 SRS G IRG fRsly B8l
interest jn said captured i e; and .circuitry_c i to provide
a previod%gggF’gﬁﬁ%%%ﬁﬁﬁﬁﬁp fﬁ?ﬁg?§5fﬁepgékgﬂg%P?%<ﬁ%@g%gﬁkggI?aid first,
second, and third ones pof sai. | ur,al i of . mar k bei ng within said area
of inter g@fl.zontaiénovemem' ﬁ§po§ﬁgleg§?§ﬁlé%o%¥m8?g uﬁtea\%(ﬁeé:’ gillen‘gsgﬁ?r “shape
includes a first one of said plurality of rkers, a second qne of said
plurali t)}‘pﬁlfcaﬂﬁtf IeEFI¥ing thefomm . t"’a‘n%ﬁgyo(ﬁ’?ssssg&ﬂasp#‘%?’ﬁffstss of" Wg%'%%e_rgs and said
ai d- shaifes SoTTUELoN. S (5P woi O aRst R B ia ey FAGE RS ol
novenent of said shape; and circuitry configured to store said horizontal
movenent System in accordance with this invention.

10 Yaw movement is determined and stored in step 535. Figure 17 illustrates yaw right
movement in which present shape 1705 has a larger shape at the bottom right and a smaller
shape on the bottom left than shape 1700. Figure 18 then shows yaw left where present
image 1805 has a larger marker on the bottom left and smaller marker on the bottom right
than past shape 1800. As the bottom shapes are change, one will also notice the shape of the

15  triangles formed changed. Thus, yaw can be determined by the size of the angle proximate
first and third marker in the image. Therefore, comparison of these angles can indicate yaw.
Thus, the following equations can be used to find yaw. First the length of the sides of the
shape in each of the present and previous image are determined using the following
equations:

20 ma=sqrt (m1x-m2x)"2+({mly-m2y)"2)

mb=sqrt (m3x-m2x)"2+(m3y-m2y)"2)
me=sqrt (m1x-m3x)"2+(mly-m3y)"2)
where a, b, and ¢ equal sides of the shape; m= image p or ¢; q being current image and p

being the previous image; x being horizontal position and y being vertical position. After



7. The systemof claim®6 wherein said circuitry configured to determ ne
sai d horizontal novenent conprise: 10circuitry configured to determ ne an
average horizontal position of said first, second and third ones of said
plurality of markers; and circuitry configured to conpare said
average horizontal position to a previgys average horizontal position of
said first, second, and third ones of said plurality of markers determ ned
for a prevhosidesiamadpermifd the arccosiBie offthe sidysit @88dab dekeiind the WhEE gidkimabd shape
includes a first one of said plurality of markers, a second one of said
plurality tbé seardmearker vaing tize ollowigegetioh: sai d plurality of nmarkers and said
circuitry configured to determne a plurality of command identifiers from
sai d shape conpriges:ar@SEinatHnd" Y-no0f/2gmaedcno determ ne vertical novenent
of said shape; and circuitry configured to store said vertical novenent.

9. The system péngid3abmof(mderRbrR-sard)/ (eHheuwhd)y y configured to determ ne
said vertical novenent conprises: 27 circuitry configured to
deternbne an average vertical position of said first, second and third ones
of said plurality of markers; and circuitry configured to conpare
sai d aver aiecry@fpld i6 @le sPRYIftHeARgleOma: ; AN |t i on of
said first, secé%d, and third %nes g?hgg?ggﬁ?%ﬁgﬁﬁ?ghggaﬁggaggggggternined

5 for a_ pbekauEmiifRGRd the mumber Hicalt oty &Hfimel MdBcMIERAL R 881 0 Shape
includes a first one of said plurality of nmarkers, a second onée of said

pluralitypalgleakencn compsediftiahid lqggﬁe&terxﬁ ;[tga\glfn‘ﬂvglln-%ﬁt% g%ﬁ'Léér?ﬁnaiiénd sai d

circuitry configured to determ ne a ura conmand rs from

sai d shapgapMPisigs@fer tehyakide % ifQpflgured to determ ne zoom novenent of
sai d shape; and )

10
After all of the movement identifiers are determined for a shape, process 500
determines if identifiers for another shape must calculated in step 540. If more shape remain,
process 500 repeats from step 505 other process 500 ends.
15 Process 600 illustrates an exemplary process for changing any parameters

intolerance factors or translations. In this embodiment, process 600 is invoked when a
specific key command or button is received by the processor. Process 600 begins in step
605 by displaying the current settings. In step 610, a user inputs a modification to the
parameters. This may be done by entering a numeric value or sliding a displayed power bar
20 to the desired setting, In step 615, the setting is reccived. The new setting is stored in step
620. After the new setting is stored, process 600 waits for new command in step 625 or may

end.

The above is a description of an exemplary embodiment of a system for generating

25  control signals using a captured image. It is envisioned that this invention is particularly



circuitry configured to store said zoom novenent. 11. The

systemof claim 10 wherein said circuitry configured to determ ne said 15
zoom novenent conpri se: circuitry configured to determ ne an area of
sai d shape defined by said first, second and third ones of said plurality
of markers; and circuitry cog&igured to conpare said area of said
shape to a previous area of said shapé defined by said first, second, and

third onggemf msa%f;luﬁlrwi@ o BI KRS r, Hah R D Blle2QhoRbatBrEY OUS | Mage.
12. The systemof claim'4 wherein said shape includes a first one of said

plural i t Yo Qfsidned ﬁﬁ{ ﬁ%oseaskﬁlgg aNele A CarPindSAIGeRbN BiRdrhdtive RibOBIERE B¢ thand a

third one of said urality of markers and said circuitry configured to

det erm ng,aBbit Hntfﬂ'n on GRITARRH oL 24 #8AL [ BE Slafnf 2@ ﬁgh%el%bwpe conpri ses:
28 circuitry configure to determ ne pitch novenment of said shape; and
circuitry configured to store said pitch novenent. 13. The system
of claim12 wherein said circuitry configured to determne said 5 pitch
novenmgnt conpri ses: circuitry configured to determ ne an angle

proxi mate said second one of said plurality of markers, and circuitry
configured to conpare said angle to a previous angle proxi mate said second
one of said plurality of markers determ ned for a previous inmage. 10

14. The system of claim4 wherein said shape includes a first one of said
plurality of markers, a second one of said plurality of markers, and a
third one of said plurality of markers and said circuitry configured to
determne a plurality of command identifiers fromsaid shape conpri ses:
15circuitry configured to determ ne roll novenent of said shape; and
circuitry configured to store said roll novenent.

10



15. The system of claim 14 wherein said circuitry configured to determ ne
said roll novenent conprise: 20circuitry configured to determ ne a change
in vertical position of said first and third ones of said plurality of

mar kers; and circuitry configuredsto conpare said change vertica
position to a previous change in vertical position of said first and third
ones of said pindtad élbimedfissmar kers determ ned for a previous inage. 29

16. The system of claim4 wherein said shape includes a first one of said
plurality of markers, a second one of said plurality of markers, and a
third one of said plurality of markers and said circuitry configured to

d ' I i f d i ifi fr. id sh . ;
Sei roui try. conl | gurbd e dbt aPATHECS d Hogemisnl STl sRAREE IR LRy 98

circuitry configured to store said pitch novenent. 17. The system of
cl ai m 16 SWHEPEPRPESNE circuitry configured to determne said yaw movenent
conprises: 10circuitry configured to determ ne an angle proxi mate said
first5one of suPwtrylcanbguredtoofecerne k eapsured iriage; circuitry configured to
conpare said angle to a previous angle proximate said first one of said
plurality of wrhatkeyscodapaeditoedentify adirgtrgutatitis of magers bdatd Aagystiamager
comands to an application being executed in a software system conpri sing:

Ci rcui tryyHerit kA8 Rt chRRRIrYEI0AIERTY Uialtbrs BRASrsegher ei n sai d captured
image includes a plurality of groups of said plurality of markers wherein

Coc o 2o B U Ly B SR BBl L s ey o
circuitry configured to calculate properties for each of said plurality of blobs,
10 circuitry configured to identify each of said first plurality of markers from
said properties of said blob,
circuitry configured to determine properties of each of said plurality of
markers,
circuitry configured to store said determined properties for each of said
15 plurality of markers;
circuitry configured to arrange said first plurality of markers in a first shape;
circuitry configured to determine a first plurality of command identifiers from said
first shape; and

circuitry configured to translate said first plurality of command identifiers into

20 command signals.

2. The system of claim 1 wherein circuitry configured to calculate said

properties for each of said plurality of blobs comprises:



20shape, said plurality of groups include said first plurality of markers;
circuitry configured to identify a first plurality of markers in said
captured i mage, wherein said circuitry configured to identify a first
plurality of markers in said captured i,gage conprises: circuitry configured
to identify each of said plurality of markers, 30 circuitry

configured to cﬁrbﬁiﬁfslg&)rﬁ%hfbdp_tdl Id@tetthdnc OforABHCKRES chtt @fSaid phlrblitg bf Yldbs
groups of markers each defining one of said plurality of shapes,

circuitr af : i J.r ity =18 S o i r st
hape: ey AT PRb&Gnes? 0k BRAHEC §F ke BluRtticRbarts PhydfRY EpRelhn 2l
identifi ﬂ% fromsaid first shape; and circuitry configured to

transl at aid first plurality of command identifiers into command signals.
1019. The system of claim 18 further conprises: circuitry configured to
transmt said command signals to a second application. 20.The system of
claim 18 wherein said circuitry configured to identify markers conpri ses:
15cir&uitry cdnfi glhedsystenuetfeckina | wircatint yirafitrp| ewdigireds i dalcalatausaid

i mages; circuitry configured to calculate properties for each of said

pl ural i t praplerths drssack bf edid bruyalitpof blgus eshnprises.denti fy each of said plurality
of markers fromsaid properties of each of said blobs; circuitry configured

to determine RLARAYLHESREd RAGRRinSAl HePbtiadd bibk; fd mar kers;

circuitry configured to determine a perimeter measurement of said blob.

10 4. The system of claim 1 wherein said circuitry configured to determine
properties for each of said plurality of markers comprises:
circuitry configured to calculate a centroid for each of said plurality of markers

wherein said centroid includes a vertical position and a horizontal position in said captured

image.
15
5. The system of claim 4 wherein said shape includes a first one of said
plurality of markers, a second one of said plurality of markers, and a third one of said
plurality of markers and said circuitry configured to determine a plurality of command
identifiers from said shape comprises:
20 circuitry configured to determine whether each of said first, second and third ones of

said plurality of shape are with an area of interest in said captured image; and

circuitry configured to provide a previous set of command identifiers in response to
not all of said first, second, and third ones of said plurality of markers being within said area
of interest.

25



20circuitry configured to group said plurality of markers into said
plurality of groups of markers each identifying one of said plurality of
shapes; and circuitry configured to store said determ ned properties
for each of said plurality of markers. ,;31 21. The systemof claim
20 wherein said circuitry configured to calculate said properties for each

of said plurakity ghebyolm 6PERIMSESwherein saidish&pdl tichidednf Figddrad sOsar@asure
conpact ness of each of "said plurality of bl obs wherein conpactness is the

imt ..al i i b . . ' t
o Ry S!S e, . 8,010 S e

each of said.plyrality of markers. conprises: . circuitry.configured
to cal culngrrgltg #éﬁ?rES%daI}do?aléafgﬁu%rfy ‘r‘sEDé’|ﬁ§u UP a5 iEPing an@r’{?@&ys &ﬁg?lg}aﬁgsai d
centroid includes a vertical position and a horizontal position in said
capt ur ed 1defifigigdrom said shapp gompgessyst em of ¢l aim 22 wherein said circuitry
configured to determne said plurality of conmand identifiers conprise:
circubtry contirguitrgdonfiguiedt erdetarminomrnotal tenernértof saifl shapsaets of sai d
plurality of 15shapes; and circuitry configured to save each of said
plurality of gireuRs cotpresentstdg seidtbriabntslahcvepidnt.al ity of shapes as prior
shapes from previous inage in response to determning said plurality of
command identifiers. 2024. The system of claim 23 wherein said each of said
plurality of groups of shape includes a first one of said plurality of

mar ker_s, a segpnd € sﬁg er%aéfd lgl!rnu%a\llliletrgin%faidfnalr’cjﬁﬁyb ﬂf%xr {chhétgm(ﬁﬂg sglﬁ sal d
plurality of markers-a Lai e AUl ry configured ?'0 ¥ erm e a plurality

of cormaﬂd Jddentifiers fromsaid shape conpri ses:
orizontal movement comprise:

10 circuitry configured to determine an average horizontal position of said first, second
and third ones of said plurality of markers; and

circuitry configured to compare said average horizontal position to a previous

average horizontal position of said first, second, and third ones of said plurality of markers

determined for a previous image.

15
8. The system of claim 4 wherein said shape includes a first one of said
plurality of markers, a second one of said plurality of markers, and a third one of said
plurality of markers and said circuitry configured to determine a plurality of command
identifiers from said shape comprises:
20 circuitry configured to determine vertical movement of said shape; and

circuitry configured to store said vertical movement.

9. The system of claim 8 wherein said circuitry configured to determine said

vertical movement comprises:



32 circuitry configured to determ ne whet her each of said first,
second and third ones of said plurality of markers of a particular group
representing are with an area of interest in said capturedi nage; and
circuitry configured to provide a previpus set of command identifiers for
sai d shape 5in response to not all of Said first, second, and third ones of

said plurali t¥ir&fig§“?:65§ e@lo QlHnBR FlRE BFHRMP phEIi A0 oWsdibli fikstS 8bddnar ea
of interest. 25.The system of claim23 wherein eacﬁ of said plurality of

groups re sentin .a shape include first one of said plurality of
mar ker s, agé@ér ond- gfnsealcg?lursagi%ao%fqgrrkg ?I;l/@of 10markers, and a third one of
said plurality of markers and said circuitry canfiqured to determne a
plurality of EB?%%&W%@H?‘?N PG il axF1a8 H%fﬁ&alé’g’ﬁlﬁpflé%g:pr ARGk
configured to determ ne horizontal novenment of said shape; and circuitry
conf i gur eertical posisios of siid el pecond.nd iy arestof seifgieralityeotaparkemdsteraingf m 25
wherein said circuitry configured to determ ne said horizontal nobvenent
conpr$ sesor a previoucintagai t ry configured to determ ne an average hori zontal
position of said first, second and third ones of said plurality of markers;
and circuitry configured to conpare said average hori zont al
position to a previous 20average horizontal position of said first, second,

and third oneg,of %Ecgy@efhr gt iciamCl WREKSR! Siid shape includes a first one of said

plurality of markers, a second one of said plurality of markers, and a third one of said
plurality of markers and said circuitry configured to determine a plurality of command
10  identifiers from said shape comprises:
circuitry configured to determine zoom movement of said shape; and

circuitry configured to store said zoom movement.

11.  The system of claim 10 wherein said circuitry configured to determine said
15  zoom movement comprise:
circuitry configured to determine an area of said shape defined by said first, second
and third ones of said plurality of markers; and
circuitry configured to compare said area of said shape to a previous area of said
shape defined by said first, second, and third ones of said plurality of markers determined

20  for a previous image.

12.  The system of claim 4 wherein said shape includes a first one of said
plurality of markers, a second one of said plurality of markers, and a third one of said
plurality of markers and said circuitry configured to determine a plurality of command

25 identifiers from said shape comprises:



determ ned for a previous inmage. 27.The system of claim26 wherein
circuitry configured to conpare said average horizontal position conprises:
33 circuitry configured to subtract said previous horizontal average
from sai d average horizontal position gpd wherein a negative number
indicates |left novenent and a positive nunber indicates right novenent.

528. The syst %Hblﬁfry%bf?{ii%ﬁrgdno%?errﬁiiﬂ% IRhHQE VAR 6f salPV@pB8Rhdl s determ ned if
the result is wthin a tol erance range. 29. The system of claim23 wherein

each of said pLUAL LY QlOLOHDS SERERRNAERGy @ Shape includes a first
one of said plura Vty markers, a‘*second oné of said plurality of
10markers, and a third one of said plurality of markers and said circuitry
configured to determne a plurality of command identifiers fromsaid shape
conprises: circuitry configured to determne vertical novenment of said
shape; and ci d8uit ﬂ{ae sw¥ien g ckaim; i wheyiewn sad girquiiry icenfigured, Endeterming spidThe
systemof claim?29 wherein said circuitry configured to determ ne said
verti gal pitdveweehed@opiprises : circuitry configured to determ ne an
average vertical position of said first, second and third ones of said

plurality of gRekeyScondidbred to deterr@ink Cal tahyleCorokingi edidt Sccoadpareeos ahid
average vertical position to a previous average 20vertical position of said
first, SSERQQyo@HQﬂ&Q&%HdonGS of said plurality of markers determ ned

circuitry configured to compare said angle to a previous angle proximate said
second one of said plurality of markers determined for a previous image.
10
14.  The system of claim 4 wherein said shape includes a first one of said
plurality of markers, a second one of said plurality of markers, and a third one of said
plurality of markers and said circuitry configured to determine a plurality of command
identifiers from said shape comprises:
15 circuitry configured to determine roll movement of said shape; and

circuitry configured to store said roll movement.

15. The system of claim 14 wherein said circuitry configured to determine said
roll movement comprise:
20 circuitry configured to determine a change in vertical position of said first and third
ones of said plurality of markers; and
circuitry configured to compare said change vertical position to a previous change in
vertical position of said first and third ones of said plurality of markers determined for a
previous image.

25



for a previous inmage. 34 circuitry configured to determ ne an
average vertical position of said first, second and third ones of said
plurality of markers; and circuitry configured to conpare said
average vertical position to a previou§ average vertical position of said
first, second, and third ones of said p?urality of markers determ ned 5for

a previ ous i NMgge. The systeRPof CHEMSY SHERA! sfd ahfpS IncRE & Wirdaddd 6f k&l try
configured to conpare Said average horizontal position conprises:

circuitr figur 0_Sy idp i i.cal .avar .qai d
aver age PO LRGBSl SRS KR B BiAS PERS
downwar d vement and a ppsi.tive nunber. i ndi cates upwar venment .

35 The. St O merarmh YRS E O TEP e SSTvH R P PETICOb TR
the result is within a tolerance range. 15 34. The system of claim
23 wher eildensfiens fem said ehaplegpripriss: of groups representing one of said
plurality of shapes includes a first one of said plurality of markers, a
seconsl one of cgaiittypbufigired to deferminekeavemoserderst of kaiddhgreeawmf said plurality
of markers and said circuitry configured to determne a plurality of

command i dent icfrb@fr§ cbi@gire@ioktsoama pieiBidvemsat. 20ci rcuitry configured to
determ ne zoom novenent of said shape; and circuitry configured to store

said zoom novenent . 35. The system of claim 34 wherein said
circuitry configured to determ ne said zoom novenent conprises: 35

17. The system of claim 16 wherein said circuitry configured to determine said
yaw movement comprises:
10 circuitry configured to determine an angle proximate said first one of said plurality
of markers; and
circuitry configured to compare said angle to a previous angle proximate said first

one of said plurality of markers determined for a previous image.

15 18. A system for commands to an application being executed in a software
system comprising:
circuitry configured to receive a captured image, wherein said captured image
includes a plurality of groups of said plurality of markers wherein each of said plurality of
groups form one of a plurality shapes wherein said plurality of shapes include said first
20  shape, said plurality of groups include said first plurality of markers;
circuitry configured to identify a first plurality of markers in said captured image,
wherein said circuitry configured to identify a first plurality of markers in said captured
image comprises:

circuitry configured to identify each of said plurality of markers,



circuitry configured to determ ne an area of said shape defined by said
first, second and third ones of said plurality of markers; and

circuitry configured to conpare said area of said shape to a previous area
of said shape defined by said first, sggond, and third ones of said
plurality of markers determ ned 5for a previous inmage. 36. The

system of cl ai m 35 whafQicOnS@ired & drfahish k¥id GRHhIGWTeshrkés o CLARALEli§aIfd
areas conpri ses: circuitry configured to subtract said previous

area from sai r el | L,adi cates zoom out and
a positive nuggg%g?ggﬁgg é§w§g§@@9%8n989§ﬁdy@gﬂwgﬁgﬂgeggen]Of cl aim 36
wherein no zoom novenent is determned if the result is wthin a tolerance
range. 1538. The system of claim 23 wherein each of said plurality of groups
representing one of said plurality of shapes includes a first one of said
plurality of markefECuEY sarfpgiacdeartinge sid st prunlity ! grarksss ket Srst giRpca
third one of said plurality of markers and said circuitry configured to

det erfi ne a pkuedtry tepnigured tordetdrmide at firki Puslity ofrcermindnd hdgnt fiews riprm seid:
circuitry configured to determ ne pitch novenent of said shape; and

20ci r cui fifyt seapef aglired to store said pitch novenent. 39.The system of claim
38 wherein said circuitry configured to determ ne said pitch novenent

conpri ses. circuitry con§iglufedl] fof Waik@RE 1saidr Gkt Lud et b BginARdafAshiEids Gxdormat e
said second one of "sald 25 plurality of marKers; "and 36 circuitry
configurgg h@vgggﬁgre said angle to a previous angle proxi mate said second
one of sard pPur |Fy of markers determ ned for a previous inage.

10 19. The system of claim 18 further comprises:

circuitry configured to transmit said command signals to a second application.

20.  The system of claim 18 wherein said circuitry configured to identify markers
comprises:
15 circuitry configured to detect a plurality of blobs in said captured images;

circuitry configured to calculate properties for each of said plurality of blobs;
circuitry configured to identify each of said plurality of markers from said properties
of each of said blobs;
circuitry configured to determine properties of each of said plurality of markers;
20 circuitry configured to group said plurality of markers into said plurality of groups
of markers each identifying one of said plurality of shapes; and
circuitry configured to store said determined properties for each of said plurality of

markers.



40. The system of claim 39 wherein said circuitry configured to conpare
said 5 average horizontal position conprises instructions for subtracting
sai d previous angle proxi mate said second one of said plurality of markers
fromsaid angl e proxi mate said second ofte of said plurality of markers
wherein a result greater than zero indicates pitch and said circuitry
configured to et erThengyseai df platm R0f whérbi@r sagbaipeuitse configured to calbulgtei satdy
configured to subtract a previous area of said second one of said plurality

100f mar keosdrtifonBachF3ai@phaalie cTBEMYoRPAsQf said plurality of markers
wherein a nunber is greater than zero indicates pitch-up and a negative

nunber i ndi catgg,, XG&f%‘a}rl]\ggatci ]gne;[aﬁureélc]omLﬂ-I;?@le%ygf %%}hﬁ%g %%%‘ glluf}gitgbr rbeﬂ)gs no

pitch novenent is deter e res 'S Wt ranc ange. 15

42. The f claim23 wherein h. of .sai lurality of groups of
mar ker s f\ké%er&%glgﬁ?l#’%‘én%ﬁés %'F pgod(inamﬁlogggﬂxtelﬁ Bf bg‘ﬂgtﬁé?eiaﬁﬁ%ﬁrdes a first one
of said plurality of markers, a second one of said plurality of markers,
and a“third one of said plurality of markers and said circuitry configured
to determine a plurality of conmand identifiers fromsaid shape
20conpri ses: ¢ cuitheysystent iafuelaith 20 Whereimbaié dimuitrnouefigned ab dairthirxhape;
and circuitry configured to store said roll novenent. 43. The
syst em ofpropestien fdPeashef edid phahlity @if itk drs yorapiek:gur ed to determ ne said 25
roll novenent conprises: 37
circuitry configured to calculate a centroid for each of said plurality of markers
wherein said centroid includes a vertical position and a horizontal position in said captured

10  image.

23.  The system of claim 22 wherein said circuitry configured to determine said
plurality of command identifiers comprise:
circuitry configured to determine command identifiers for each of said plurality of
15  shapes; and
circuitry configured to save each of said plurality of groups representing each of said
plurality of shapes as prior shapes from previous image in response to determining said

plurality of command identifiers.

20 24, The system of claim 23 wherein said each of said plurality of groups of
shape includes a first one of said plurality of markers, a second one of said plurality of
markers, and a third one of said plurality of markers and said circuitry configured to

determine a plurality of command identifiers from said shape comprises:



circuitry configured to determ ne a change in vertical position of said
first and third ones of said plurality of markers; and circuitry
configured to conpare said change vertical position to a previous change in
vertical position of said first and thisd ones of said plurality of markers
determ ned for a 5previous imge. 44. The system of claim43 wherein

sai d circui try;ean) cogted 8 CRIPH SR MEH bf %@l fiROSEdInansd Airdahed ofi r st
and third ones of said plurality of markers conprises: circuitry configured

to subtrag g preyi a ical |1 f j

nvert oot phRet Bl B R AR B e ATk he KRTROL, SPERIEIT,
novenent and a sitive nunber indicates right roll novenent. 45,
The syst GﬂﬁEﬁgPﬁ?&ﬂ erein no roll novement is deternmined if the result
is within a tol erance range. 15 46. The system of c¢laim 23 erein
each of said piresitay cogfigredyioprpeidefe niaviRes st pepoiemend idegtiBee foy sad shppe
plurality of shapes includes a first one of said plurality of markers, a
seconsl oneresporsataingilalireflshidyfirst, seranéemd, thishdnes dffseidgplaabtyodf nsarkerspif s2idl i ty
of markers and said circuitry configured to determne a plurality of
command bg&iatliaf E@up bbing Wit this bR 2eeepri ses: circuitry configured to
determ ne yaw novenent of said shape; and circuitry configured to store
said pitch novenent. 47. The system of claim 46 wherein said
circuitry configured to determ ne said 25 yaw novenent conprises: 38

S: L?;: It,zg con%‘gur %ﬂe E}Cf)stf(:jrr? to Elraﬂrﬁ] 933hS08 legchpc;fo s)é{dnlﬁﬁx%li%%fjgrghﬁssgepx%g&tﬁfg sai d
a shape includes a first one of said plurality of markers, a second one of said plurality of
10  markers, and a third one of said plurality of markers and said circuitry configured to
determine a plurality of command identifiers from said shape comprises:

circuitry configured to determine horizontal movement of said shape; and

circuitry configured to store said horizontal movement.

15 26.  The system of claim 25 wherein said circuitry configured to determine said
horizontal movement comprises:
circuitry configured to determine an average horizontal position of said first, second
and third ones of said plurality of markers; and
circuitry configured to compare said average horizontal position to a previous
20  average horizontal position of said first, second, and third ones of said plurality of markers

determined for a previous image.

27.  The system of claim 26 wherein circuitry configured to compare said average

horizontal position comprises:



of markers; and circuitry configured to conpare said angle to a
previous angle proximte said first one of said plurality of nmarkers
determ ned for a previous inmage. 5 48. The system of claim47 wherein if
said previous angle is greater than saidzangle a yaw right is determ ned
and if said previous angle is less than said angle a yaw left is
det er mi ned. 104igcuitie ¢ squeed ©of subkra¢tnsadd’ preliue horinantal awverape droemsait vel@pgenn
ned if the result is within a tolerance range. 50. A nethod perforned by a

pr ocessi nhori@miat @ofition prid wihdieitga GeparBRASMIRr A1HiERR! [bf Hhd RSO IR h spb§l€lve
15receiving a captured inage; identifying a first plurality of

mar kers i furiBérdndianbhi @l idiReRnt. Wherein said step of identifying markers
conprises: detecting a plurality of blobs in said captured inages,

cal cul ating properties for each of said plurality of blobs, 20identifying
each of said first plurality of markers fromsaid properties of said blob,

deterrgnin r i es of id plurality of markers
& 9 prop elrhe system o alaum %7 w erempno {mrizonéﬂ movement is determined if the

result is within a tolerance range.

29.  The system of claim 23 wherein each of said plurality of groups representing
a shape includes a first one of said plurality of markers, a second one of said plurality of
10 markers, and a third one of said plurality of markers and said circuitry configured to
determine a plurality of command identifiers from said shape comprises:
circuitry configured to determine vertical movement of said shape; and

circuitry configured to store said vertical movement.

15 30.  The system of claim 29 wherein said circuitry configured to determine said
vertical movement comprises:
circuitry configured to determine an average vertical position of said first, second
and third ones of said plurality of markers; and
circuitry configured to compare said average vertical position to a previous average

20  vertical position of said first, second, and third ones of said plurality of markers determined

for a previous image.

31. The system of claim 30 wherein said circuitry configured to determine said

vertical movement comprises:



storing said determ ned properties for each of said plurality of markers,
arranging said first plurality of markers in a first shape; 25determ ning a
first plurality of conmand identifiers fromsaid first shape; and 39
translating said first plurality of command identifiers into conmmand
si gnal s. 51. The nethod of claidin 50 wherein said instructions to
cal cul ate said properties for each of said plurality of blobs conprise:
5det er mi ni ng &ire@ifpseniewed & delgeningfansayierres|vgrtidal pYsiben Bf spid fitple seqord
conpactness is a neasure of relative distance between a plurality of pixels
in said bhothirdzies theidplutedidy of metkaisyedl wherein step of cal cul ating said
properties for each of said plurality of blobs conprises: 10determ ning an
area of each @frcﬁﬁ%;@o@ﬂiglfréd td dorRpar® kb sierapdveatArpssitiondo a PevidnEiverage
measur enent of each of said plurality of blobs. 53. The nethod of claim50
wher ei n sahfaSiRRioATord&laTH Blddfd PHARKE bES JfQbid &Jahgf ofSRh@eR! ddfeRnided Of
mar kers conprises: 1bcalculating a centroid for each of said plurality of
mar kegs \f\(/g]rearei n said centroid

previolis 1mage.

32.  The system of claim 31 wherein said circuitry configured to compare said

average horizontal position comprises:
circuitry configured to subtract said previous vertical average from said average
10 vertical position and wherein a negative number indicates downward movement and a

positive number indicates upward movement.

33. The system of claim 32 wherein no vertical movement is determined if the result

is within a tolerance range.

15
34.  The system of claim 23 wherein each of said plurality of groups representing
one of said plurality of shapes includes a first one of said plurality of markers, a second one
of said plurality of markers, and a third one of said plurality of markers and said circuitry
configured to determine a plurality of command identifiers from said shape comprises:
20 circuitry configured to determine zoom movement of said shape; and

circuitry configured to store said zoom movement.

35.  The system of claim 34 wherein said circuitry configured to determine said

zoom movement comprises:



i ncludes a vertical position and a horizontal position in said captured

i mage. 54. The nethod of claim53 wherein said shape includes a
first one of said plurality of markers, a second one of said plurality of
markers, and a third one of said 20plurality of markers and said step of
determining a plurality of command idesbifiers fromsaid shape conpri ses:
determ ni ng whet her each of said first, second and third_ones of said
plurality of SHeBBYspRigyredoadetetine #t ajepwépad shing dedingd oy peidrfaal s¢r88¢: and
providing a previous set of command identifiers in response to not all of
sai d firsnd thid@smesntisaicpldrality ofimerkess; afid sai d plurality of markers being
within said area of interest. 40 55. The nethod of claim53 wherein

sai d shape i neirtidesg canfigursd t®RemphireSsalddareh VI dhidt shapd toramkerisys @acsefeaid one
of said plurality of markers, and a third one of said plurality of markers

and sai dghdp3tdefintd BPSail FirSte k&Rl N hRH Wndd bE ¥%ai@h1 & ARFdn 68 tdefet@inedf r om
sai d shape conprise: 5bdctenn ning horizontal novenent of said shape, and

storipng i j tal novenent. 56. The nethod of claim55 wherein
sai d Qtegﬁfgyg§é§%@%$§ing sai d horizontal novenent conprises: 10determ ning

an average horizontal position of said first, second and third ones of said
plurality of markers; and conparing said average horizontal position

to a previous average hori zontal position of said first, second, and third
ones of said pPuralle yyssm ehclean s Saulreseinispiddrircgitrysconfigyiedig to compare said

areas comprises:

circuitry configured to subtract said previous area from said area and wherein a

10  negative number indicates zoom out and a positive number indicates zoom-in.

37.  The system of claim 36 wherein no zoom movement is determined if the

result is within a tolerance range.

15 38. The system of claim 23 wherein each of said plurality of groups representing
one of said plurality of shapes includes a first one of said plurality of markers, a second one
of said plurality of markers, and a third one of said plurality of markers and said circuitry
configured to determine a plurality of command identifiers from said shape comprises:

circuitry configured to determine pitch movement of said shape; and

20 circuitry configured to store said pitch movement.

39. The system of claim 38 wherein said circuitry configured to determine said
pitch movement comprises:
circuitry configured to determine an angle proximate said second one of said

25  plurality of markers; and



i mage. 15 57. The nethod of claim53 wherein said shape includes a
first one of said plurality of markers, a second one of said plurality of
markers, and a third one of said plurality of nmarkers and said step of
determining a plurality of command identifiers from said shape conprise:
20determ ning vertical novenent of sai @shape, and storing said verti cal
novenent . 58. The nethod of claim57 wherein said step far

det er mi ni ng s&ITEPIErONEgITeADPeIAPATE Sisk pagle 10 2 Prelaewss ARSIF MYORmatR 8Hdge
vertical position of said first, second and third ones of said plurality of
mar ker s; segedd @mpﬁsaiidmluwit}domeﬂ@@alemmriedatbr ppsivicueimege. a previ ous aver age
vertical position of said first, second, and third ones of said
plurality of markers determ ned for a previous 5i nage. 59. The

met hod of cl aim53 wherein said shape includes a first one of said

plurality of uprkemge s?stérﬁccﬁﬂqa@rp% Qfhesdh dail! dfcalth) ¥orﬁfgu9@ir fetcmpR& daid
third one of said plurality of markers and said step for deternlnlng a

plurabity, gfo¢ EH%%}Q%} gﬁs"tﬂd cgﬁgngésoms&%?dng AP ARG EAH LT SpreSLEALR N

Zoom novenen

proximate said second one of said plurality of markers from said angle proximate said
second one of said plurality of markers wherein a result greater than zero indicates pitch and

said circuitry configured to determine said pitch further comprise:
circuitry configured to subtract a previous area of said second one of said plurality
10  of markers from an area of said second one of said plurality of markers wherein a number

1s greater than zero indicates pitch-up and a negative number indicates pitch-down.

41. The system of claim 40 wherein no pitch movement is determined if the result is
within a tolerance range.
15
42.  The system of claim 23 wherein each of said plurality of groups of markers
representing one of said plurality of shapes includes a first one of said plurality of markers,
a second one of said plurality of markers, and a third one of said plurality of markers and
said circuitry configured to determine a plurality of command identifiers from said shape
20  comprises:
circuitry configured to determine roll movement of said shape; and

circuitry configured to store said roll movement.

43.  The system of claim 42 wherein said circuitry configured to determine said

25  roll movement comprises:



storing said zoom novenent . 60. The nethod of claim59 wherein said
step of determ ning said zoom 15 novenent conpiise: determning an area of
sai d shape defined by said first, seco and third ones of said plurality

of markers; and conparing said area of “said shape to a previous area of

said shape. def ety By fiRkdh fol debrmiRer Aftge AN ortiblIrgbsRREDIahidSb il hirdl i ty

or narggrahde er a previous inmage. 2 1. The nethod of
claim erei.n said sha inclydes a first one of said plurality of
n?rke[;,Oﬁﬂfééﬂﬁ§i8W§Y§?“ﬁﬁ?ﬁiﬁﬁﬁra|ity of markers, and a third o%e of said
plurality of markers and said step for determ.ning a plurality of c nd

i dentifiers fFaiERFenigEpkiocomprTeaRY chiggeydr 1ﬁ§ﬁ§°gﬁ?3ﬁ“ﬁ8§@ﬁ%ﬁ¥§o sai d
shape, and 42 storing said pitch novenent. 62. The nethod of claiq]61

wher ei n saitidalstosiyionarf sdist Srstriand nlgrds anes o 1aich PhwsdlEweh markers deteggined for a

5  previous image.

44,  The system of claim 43 wherein said circuitry configured to compare said

vertical positions of said first and third ones of said plurality of markers comprises:
circuitry configured to subtract said previous change vertical position from said
10  change in vertical position and wherein a negative number indicates a left roll movement

and a positive number indicates right roll movement.

45.  The system of claim 44 wherein no roll movement is determined if the result
is within a tolerance range.
15
46. The system of claim 23 wherein each of said plurality of groups of markers
representing one of said plurality of shapes includes a first one of said plurality of markers,
a second one of said plurality of markers, and a third one of said plurality of markers and
said circuitry configured to determine a plurality of command identifiers from said shape
20  comprises:
circuitry configured to determine yaw movement of said shape; and

circuitry configured to store said pitch movement.

47. The system of claim 46 wherein said circuitry configured to determine said

25 yaw movement comprises:



5determ ning an angl e proxi mate said second one of said plurality of

mar kers; and conparing said angle to a previous angle proxi mate said
second one of said plurality of markers determi ned for a previous inage.
63. The nethod of claim53 wherein saiggshape includes a first one of said
10plurality of markers, a second one of said plurality of markers, and a
third one of salithrPlitiBrdd (PdctERKERS aRNd pFAllarlsant id! olebPed plurgitg
plurality of command 1dentifiers fromsaid shape conprises: determ ning
roll nnvepent ot%%9id shape; and storing said roll novenment. 15 64. The
et hod of Eﬁgﬁﬁ% 3 wherein said step for deternining said roll novenent
conprises: determining.a change in vertical, position of, said flrst

third ones ofc%%PHYﬁPﬁ$%FW¥V’gﬁ“ﬂﬁ?ﬁ@?é?ggﬂaeﬁﬁ%%ﬁﬁﬁfPﬁﬁIg%ﬁgm%%%%%QRQ
vertical position to a previous change in vertical position of said first
and t hi rdn@ﬂ‘éw(bmluyéﬁ)dogn@ﬁkﬁﬁiwf@m PLEPISVREE ER#ned for a previous

i mage.
5
48.  The system of claim 47 wherein if said previous angle is greater than said
angle a yaw right is determined and if said previous angle is less than said angle a yaw left
is determined.
10 49.  The system of claim 47 wherein no yaw movement is determined if the result
is within a tolerance range.
50. A method performed by a processing device for providing commands to an
application comprising:
15 receiving a captured image;
identifying a first plurality of markers in said captured image, wherein said step of
identifying markers comprises:
detecting a plurality of blobs in said captured images,
calculating properties for each of said plurality of blobs,
20 identifying each of said first plurality of markers from said properties of said

blob,

determining properties of each of said plurality of markers,

storing said determined properties for each of said plurality of markers,
arranging said first plurality of markers in a first shape;

25 determining a first plurality of command identifiers from said first shape; and



43 plurality of markers and said step for determning a plurality of
command identifiers fromsaid shape conprises: determ ning yaw novenent of
sai d shape; and storing said pitch novenent. 5 66. The nmethod of claim 65
wherein said instructions for deternin% g said yaw novenent conpri ses:
determining an angle proximate said first one of said plurality of markers;

and conparin J - f
sai d plrrEr al i ?’g,rgri%a 1@@9@%}(&&1&&1@@9&1 &Hﬁnﬁﬁ'ﬁgh&tﬁ%@ﬁh{m&%tﬁﬁi&sléﬂa st one o

ers term ned f a previous inage. 67. A nethod
performed by a processing device for prOV|d|ng commands to an application
conprising: receiving a captured image, wherein said captured i mage
includes a plurali of 15 roups of plural.i narke S, wher. of
sai d pluralitylof 6?;@9}9@%1 rﬂl%fﬁesoo‘f’heéelﬁlsﬁltddpgtwu%sawe? Sy %a}lﬁplénogl% 131%@
plurality of shapes include said first shape, said plurality of groups
i ncl ude s$@iedclf bf sitd plhratisy o Ylos carepricer s; identifying a first
plurality of markers in said captured i mage, wherein said step of

i dents fyi ng adbfefrsiningl décmhpacihess ofrack of said phipality eSblobOivtiersit $MIRGIISAT of
said plurality of markers, arranging said plurality of markers into

sai d plut %éa&%e%&"r@ét%ﬂﬁstﬁce%fdf@eﬁ% favahtydafitdiag saebleb. said plurality of
shapes, arranging sard first plurality of markers in a first shape;

52, The method of claim 51 wherein step of calculating said properties for each
of said plurality of blobs comprises:
10 determining an area of each of said plurality of blobs; and

determining a perimeter measurement of each of said plurality of blobs.

53.  The method of claim 50 wherein said step of determining properties for each

of said plurality of markers comprises:

15 calculating a centroid for each of said plurality of markers wherein said centroid

includes a vertical position and a horizontal position in said captured image.

54,  The method of claim 53 wherein said shape includes a first one of said
plurality of markers, a second one of said plurality of markers, and a third one of said
20  plurality of markers and said step of determining a plurality of command identifiers from
said shape comprises:
determining whether each of said first, second and third ones of said plurality of
shape are with an area of interest in said captured image; and
providing a previous set of command identifiers in response to not all of said first,

25  second, and third ones of said plurality of markers being within said area of interest.



25determning a first plurality of conmmand identifiers fromsaid first
shape; and 44 translating said first plurality of command identifiers into
command signals. 68. The method of claim67 further conprising:
transmtting said coomand signals to asgecond application. 5 69. The
system of claim67 wherein step for identifying markers conprises:
detecting a pkyral rhy n@ithdd ebeldi SRinthenaptshidedhaperagdedes calfigs| enei pfgsaid
properties for each of said plurality of blobs; identifying each of said
plurali t?;lu?g‘intg%rf‘?ﬁ{rﬁelfsf LSRG P8l iphsralfy cRbrkefs, sadd (il odxsof said
SFLE;F}Pyngfp opEr I'es’ of eacg or said plurality of markers; grouping said
of . markers into sai. ral |t : i
dent i fyPHERISHAT GrLar dnpsgra BR bl S e med

properties for each of said plurality of markers. 15
from said shape comprise:

5 determining horizontal movement of said shape, and

storing said horizontal movement.

56.  The method of claim 55 wherein said step for determining said horizontal
movement comprises:
10 determining an average horizontal position of said first, second and third ones of
said plurality of markers; and
comparing said average horizontal position to a previous average horizontal position

of said first, second, and third ones of said plurality of markers determined for a previous

image.
15
57 The method of claim 53 wherein said shape includes a first one of said
plurality of markers, a second one of said plurality of markers, and a third one of said
plurality of markers and said step of determining a plurality of command identifiers from
said shape comprise:
20 determining vertical movement of said shape, and

storing said vertical movement.

58 The method of claim 57 wherein said step for determining said vertical

movement comprises:



70. The nethod of claim69 wherein said step calculating said pr [

for each of said plurality of blobs conprisgs: neasuring conpagtggggtgfs
each of said plurality of blobs wherein conpactness is the proxinmty of al
pixels in a blob to one another. 20 7144 The nethod of claim 69 wherein said
step for determning properties for each of said plurality of narkers
conprises. Cah@tb‘rltﬁhfn%gmaav@ﬁ b Reitibal B6siteacht aid Sest,tepndr ald third ohosraf feé¢ s
wherein said cen ro I ncludes a vertical position and a horizontal

position jn §ai captur e i mge. 45 72. The nethod of claim71
wher ei n B@f%lgpgﬁlaﬁ%rs’ae(?er nmning said plurality of conmand identifiers

conprises: determ ning.conmmand identifi. f e kil
shapes; comparyig FY BYEHE% erggﬁq & O;Sjllu(éléz ia&{/r e@?ﬁ % ?gélﬁ?)g}a?égggiel g)rg ﬁl!tt l?irllé)fg;c h

of said pluralit f sh 5 ' : ! .
res ponsegaid ffet crannf ;@ag}g?dd(’%%u‘%;%q?‘g ﬁ%gﬁg%ﬁéﬁ%{%ﬁ#ﬁfﬁe&r B9 pidious

5  image.

50,  The method of claim 53 wherein said shape includes a first one of said
plurality of markers, a second one of said plurality of markers, and a third one of said
plurality of markers and said step for determining a plurality of command identifiers from

10  said shape comprises:
determining zoom movement of said shape; and

storing said zoom movement.

60. The method of claim 59 wherein said step of determining said zoom

15  movement comprise:

determining an area of said shape defined by said first, second and third ones of said
plurality of markers; and

comparing said area of said shape to a previous area of said shape defined by said
first, second, and third ones of said plurality of markers determined for a previous image.

20

61. The method of claim 53 wherein said shape includes a first one of said
plurality of markers, a second one of said plurality of markers, and a third one of said
plurality of markers and said step for determining a plurality of command identifiers from
said shape comprises:

25 determining pitch movement of said shape, and



73. The systemof claim 71 wherein said each of said plurality of groups of
shape includes a first one of said plurality of markers, a second one of
said plurality of 10markers, and a third one of said plurality of markers
and said step determning a plurality g conmand identifiers fromsaid
shape conpri ses: determ ni ng whet her each of said first, second and
third ones of st%ﬁh% a%ﬁft@f“nbyer@éntnar kers of a particular group representing
are with an area 1s_ Interest in said captured i nage; and 15providing a
previous set of command identifiers for said shape in response to not all
of said first, second, and third ones of said plurality of markers of said
particul ar group bejng wthi aid are i t e sEi@ pieh hod
of claim71 wherei Ei‘%éﬁ%%?# Cgafslal%léﬂréﬁ |e?e§/n os?%d(ga%%gpfsorrdeeﬁnenslgngi ng %ig shape
includes a first one of said plurality of markers, a second one of said

pl ural i t moybmeeirdogrsisesand a third onc of said plurality of markers and said
step of determining a plurality of command identi fﬁi ers. f rofghs%i d. shdape
conprises: dedefrmininpgnhoglconkimatesidsand ere efsayl RIFRHE o ihg sai d
hori zontal novenent. 46 75. The nethod of claim 74 wherein said step for
determ ni ng SQBQPQQ{Q Zaahidlle 0V pRRIDLS angip pra@sate said second one of said plurality

of markers determined for a previous image.

63.  The method of claim 53 wherein said shape includes a first one of said
10 plurality of markers, a second one of said plurality of markers, and a third one of said
plurality of markers and said step for determining a plurality of command identifiers from
said shape comprises:
determining roll movement of said shape; and

storing said roll movement.

15
64. The method of claim 63 wherein said step for determining said roll
movement comprises:
determining a change in vertical position of said first and third ones of said plurality
of markers, and
20 comparing said change vertical position to a previous change in vertical position of

said first and third ones of said plurality of markers determined for a previous image.

65.  The method of claim 53 wherein said shape includes a first one of said

plurality of markers, a second one of said plurality of markers, and a third one of said



determ ning an average horizontal position of said first, second and third
ones of said plurality of markers; and 5conparing said average horizontal
position to a previous average horizontal position of said first, second,
and third ones of said plurality of napkers determined for a previous

i mage. 76. The method of claim75 wherein said step conparing said average
hor i zont glurdl@po$ ntarlass eainpid sep:fos ddtemaiotnigrgplsedlity pf ewnwasd kdantifeist fm
average from said average horizontal position and wherein a negative nunber

indicate§nhgﬁﬁwqg ?Hgg;_and a positive nunber indicates right novenent.
1577. The net hod claim76 wherein no horizontal novenent is determ ned

if the result éﬂx&'@ﬁﬁ FQI§&@?§§H5 R: an@®- The nmethod of claim71
ura

wherei n each &7 eaid groups representing a shape includes a

first one of said it rkers, a second one of said plurality of
20nar kers, anawanggwaga g%B?nggad plurality of markers and sgid nethgd f or
determining a plurality of command identifiers fromsaid shape conpri ses:
determi ning vertical novenent of said shape; and storing said vertical
novenent .

66.  The method of claim 65 wherein said instructions for determining said yaw

movement comprises:
determining an angle proximate said first one of said plurality of markers; and
comparing said angle to a previous angle proximate said first one of said plurality

10  of markers determined for a previous image.

67. A method performed by a processing device for providing commands to an
application comprising:
receiving a captured image, wherein said captured image includes a plurality of
15  groups of plurality of markers wherein each of said plurality of groups form one of a
plurality shapes wherein said plurality of shapes include said first shape, said plurality of
groups include said first plurality of markers;
identifying a first plurality of markers in said captured image, wherein said step of
identifying a first plurality of markers comprises:
20 identifying each of said plurality of markers,
arranging said plurality of markers into said plurality of groups of markers

each defining one of said plurality of shapes,

arranging said first plurality of markers in a first shape;

25 determining a first plurality of command identifiers from said first shape; and



47 79. The nethod of claim 78 wherein said step for determ ning said
vertical novenent conpri ses: determ ning an average vertical position
of said first, second and third ones of said plurality of markers; and
Sconparing said average vertical positgpn to a previous average verti cal
position of said first, second, and third ones of said plurality of markers
det erm ned f Of., &R @WaRUS s STBGBRty of command ideifiershin® coeithod Bgnatd. ai m 79
wherein said step for determining said vertical 10 novenent conprises:
determ ning an average vertical position of said first, second and third
ones of said plurality of markers, and conparing said average

vertical position to a previous e vertical position of said first,
second, and tAPrd gﬁggle 0dLiC 1%%&%&??@00%}1)%%%&&3 determned for a

previ ous 15i mage. . 81. The nethod of rg;oaiﬁn 0 wherein said step for
conparing sai @aa%ﬂfawamq%?ﬂd&‘llg&é}%‘ioﬁ ROV OB subtracti ng
said previous vertical average from said average vertical position and 20
wheresn a negative nunber indicates downward novenent and a positive nunber

i ndi cates upward novenent. 82. The nethod of claim 81 wherein no
vertical movegent iThedgdtan it oRtniol wieecin eeplfor identiffyinginrarkers 6P @PEFEe r ange.
48 83. The nethod of claim 71 wherein each of said plurality of

groups repres 1.0 Rurffty SEbIdbPInWadd édovured insdp@pes i ncludes a first one of
said plurali t?@%:p&g%?gerrs,ya secorllld oneatpof said plurality of markers, and a

third one of sajd pluralit 188bevigbep for determining a
plurality of &8 agpla)é)ﬁ{t?/e;?erreg% §§%§g§1{ﬁga sﬂape conpri se: 5detern ning
zoom movement ic(lje]:cntisf}?ilng egc a[())? ’saianpqurality of markers from said properties of each of said

10  blobs;
determining properties of each of said plurality of markers;
grouping said plurality of markers into said plurality of groups of markers each
identifying one of said plurality of shapes; and

storing said determined properties for each of said plurality of markers.

15
70. The method of claim 69 wherein said step calculating said properties for
each of said plurality of blobs comprises:
measuring compactness of each of said plurality of blobs wherein compactness is the
proximity of all pixels in a blob to one another.
20

71. The method of claim 69 wherein said step for determining properties for

each of said plurality of markers comprises:

calculating a centroid for each of said plurality of markers wherein said centroid
includes a vertical position and a horizontal position in said captured image.

25



storing said zoom novenent. 84. The nethod of claim83 wherein said
step for determning said zoom noverment conprises: 10determ ning an area of
sai d shape defined by said first, second and third ones of said plurality
of markers, and conparing said area ofssaid shape to a previous area of
sai d shape defined by said first, second, and third ones of said plurality
of markers deyer mi mae nfettiodaofasleii BLisvhiernigeaid SEB50T Hetermeiningdsaést pleralitynogs
wherein said step for conparing said areas conprises: subtracting said

previ ous aneand [RMifak doRdpResand wherein a negative nunber indicates zoom
out and a positive nunber indicates zoomin. 2086. The nethod of claim 85

wherein no zogm npve i 1 i & d k-

Fange. ' 49 o 3@5?{&&35%‘3% %af%ﬂqg%ﬁﬁf.%‘é? e e e o 6 bl ural i ty
of markers and sai te r ) 1 ni I | i . Ad | ifi
from sai d shap@U88ApT @ﬁ@g@ﬁﬁgﬁbﬂ%ﬁ%@%er%n%eérgé%to ?g?lg g’% Qghdafgggﬁégﬁl:jer >

5  as prior shapes from previous image in response to determining said plurality of command

identifiers.

73.  The system of claim 71 wherein said each of said plurality of groups of
shape includes a first one of said plurality of markers, a second one of said plurality of
10 markers, and a third one of said plurality of markers and said step determining a plurality of
command identifiers from said shape comprises:
determining whether each of said first, second and third ones of said plurality of
markers of a particular group representing are with an area of interest in said captured image;
and
15 providing a previous set of command identifiers for said shape in response to not all
of said first, second, and third ones of said plurality of markers of said particular group

being within said area of interest.

74.  The method of claim 71 wherein each of said plurality of groups representing
20  a shape includes a first one of said plurality of markers, a second one of said plurality of
markers, and a third one of said plurality of markers and said step of determining a plurality
of command identifiers from said shape comprises:
determining horizontal movement of said shape; and
storing said horizontal movement.

25



storing said pitch novenent. 5 88. The nethod of claim87 wherein said step
for determning said pitch novenent conprises: determ ning an angle
proxi mate said second one of said plurality of markers; and

conparing said angle to a previous angkg proximate said second one of said
plurality 10 of markers determned for a previous inmage. 89. The nethod of

clai m 88 whergin sgj,d KR HOEaROTRAVIdREnSAldstay doadechtningoaidahonestali on
conprises instructions for subtracting said previous angle proxi nate said

second one of staiod p[{)i!ggr,al ity of markers fromsaid angle proximte said
second oREVETeRLCY pﬁ’urality of markers wherein a result greater than

zero indicates pitch and said ste r_detei®nin i | b hiidr $deerof
conprises: suBEEERNIEGA AP REH @?}éze’&{aié’osolgggaol ds'élisdegrg?i?eg%rgi %I%a tshai d plurality
of markers froman area of said second one of said plurality of markers
wher ei n aaid phiselityiof mprksas;éndt han zero indicates pitch-up and a negative
nunber indicates pitch-down. 20 90. The nethod of claim 831 vvhereli n no pitch
movengnt i s debepaimeshid fvdrie osigantel pesitign RiaPravipBt BYesEESOF4NYR! position

of said first, second, and third ones of said plurality of markers determined for a previous

image.

76.  The method of claim 75 wherein said step comparing said average horizontal

10  position comprises:
subtracting said previous horizontal average from said average horizontal position
and wherein a negative number indicates left movement and a positive number indicates

right movement.

15 77. The method of claim 76 wherein no horizontal movement is determined if the

result is within a tolerance range.

78. The method of claim 71 wherein each of said plurality of groups representing
a shape includes a first one of said plurality of markers, a second one of said plurality of
20  markers, and a third one of said plurality of markers and said method for determining a
plurality of command identifiers from said shape comprises:
determining vertical movement of said shape; and

storing said vertical movement.



50 a second one of said plurality of markers, and a third one of said
plurality of markers and said step for determning a plurality of comrand
identifiers fromsaid shape conprises: determning roll novenent of said
shape; and storing said roll novenent. 4% 92. The nethod of claim91
wherein said step for determ ning said roll novenent conprises: determnning
a change in v@dti cdhe poshod off addims3$ dviereintsaihatep Hor dletsmminieg saidj vprtical
plurality of markers; and 1Oconparing said change vertical position to a
previ ous pfhames dothpygéd:i cal position of said first and third ones of said
plurality of markers determ ned for a previous inmage. 93. The net hod

of claim 92 hi 'r&a%nd JePticaf PORASH BYsaididsty Ricbhd ahd RO dricos saifl sai d
first and th;l\/gﬁélg{rllﬁehs 0 %‘26? pleurceelll ?ty of rr%r kelrs conprises: 1b5subtracting

said pr ev&ﬁ%st cganﬁ% \(er(ii cal position fromsaid change in vertical
posi t i onPARY WREFETY ™ h’gat i ve nunber indicates a left roll novenent and a
positive nunber indicates right roll npvenent. . 94, %,Pe lmetsgl%g qf
cl ai %93 wher EPRPHIG $1Y aFoEHRFTICH PGB ARIGVIOPS AREF LU R Wi Thi n a
t ol erance range. ) .

said first, second, and third ones of said plurality of markers determined for a previous

image.

80.  The method of claim 79 wherein said step for determining said vertical
10  movement comprises:

determining an average vertical position of said first, second and third ones of said
plurality of markers, and

comparing said average vertical position to a previous average vertical position of
said first, second, and third ones of said plurality of markers determined for a previous

15  image.

81. The method of claim 80 wherein said step for comparing said average

horizontal position comprises:
subtracting said previous vertical average from said average vertical position and
20  wherein a negative number indicates downward movement and a positive number indicates

upward movement.

82. The method of claim 81 wherein no vertical movement is determined if the
result is within a tolerance range.

25



95. The nmethod of claim71 wherein each of said plurality of groups of
markers representing one of said plurality of shapes includes a first one
of said plurality of markers, a second one of said plurality of
markers, and a third one of said plurakgty of markers and 25said step for
determining a plurality of command identifiers fromsaid shape conpri ses:

51 det er ni ni ngz yawrgougmRatorefais i dvishépeachaotasit uiality sfagrougsirepksarbvenent
96. The net hod of claim 95 wherein said step for determ ning Hsﬁai d yaw 5 '

novenent conprises; .. i i i: i@ riai .
piur a1 90T e R O R e e Do hrevious angl &

or O o Eg'g sl e kats, S aRHEERL bF i@ GnTRIS WrSpARES UG ey foR

chaim ere if said previous angle

is greater than said angle a yaw ri is determned and if said previous
angl e i s detewsinitgaplyeality W@%&ﬁﬂl&rﬁ PrP‘%‘ S&@tsg?ﬂ? %Oé%.n%g& The malto hod of
claim97 wherein no yaw novenent is determned if the 15result is within a
tol ergnce rangetermining zoom movement of said shape, and

storing said zoom movement.

84.  The method of claim 83 wherein said step for determining said zoom

movement cOmprises:

10 determining an area of said shape defined by said first, second and third ones of said

plurality of markers, and

comparing said area of said shape to a previous area of said shape defined by said

first, second, and third ones of said plurality of markers determined for a previous image.

15 85.  The method of claim 84 wherein said step for comparing said areas

comprises:

subtracting said previous area from said arca and wherein a negative number

indicates zoom out and a positive number indicates zoom-in.

20 86. The method of claim 85 wherein no zoom movement is determined if the

result is within a tolerance range.

87. The method of claim 71 wherein each of said plurality of groups representing

one of said plurality of shapes includes a first one of said plurality of markers, a second one
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of said plurality of markers, and a third one of said plurality of markers and said step for
determining a plurality of command identifiers from said shape comprises:
determining pitch movement of said shape; and

storing said pitch movement.

88. The method of claim 87 wherein said step for determining said pitch
movement comprises:

determining an angle proximate said second one of said plurality of markers; and

comparing said angle to a previous angle proximate said second one of said plurality

of markers determined for a previous image.

89.  The method of claim 88 wherein said step for comparing said average
horizontal position comprises instructions for subtracting said previous angle proximate said
second one of said plurality of markers from said angle proximate said second one of said
plurality of markers wherein a result greater than zero indicates pitch and said step for
determining said pitch further comprises:

subtracting a previous area of said second one of said plurality of markers from an
area of said second one of said plurality of markers wherein a number is greater than zero

indicates pitch-up and a negative number indicates pitch-down.

90.  The method of claim 89 wherein no pitch movement is determined if the

result is within a tolerance range.

91.  The method of claim 71 wherein each of said plurality of groups of markers

representing one of said plurality of shapes includes a first one of said plurality of markers,



50

a second one of said plurality of markers, and a third one of said plurality of markers and
said step for determining a plurality of command identifiers from said shape comprises:
determining roll movement of said shape; and

storing said roll movement.

92.  The method of claim 91 wherein said step for determining said roll
movement COMprises:
determining a change in vertical position of said first and third ones of said plurality
of markers; and
10 comparing said change vertical position to a previous change in vertical position of

said first and third ones of said plurality of markers determined for a previous image.

93.  The method of claim 92 wherein said step for comparing said vertical

positions of said first and third ones of said plurality of markers comprises:
15 subtracting said previous change vertical position from said change in vertical
position and wherein a negative number indicates a left roll movement and a positive

number indicates right roll movement.

94. The method of claim 93 wherein no roll movement is determined if the result

20  is within a tolerance range.

05  The method of claim 71 wherein each of said plurality of groups of markers
representing one of said plurality of shapes includes a first one of said plurality of markers,
a second one of said plurality of markers, and a third one of said plurality of markers and

25  said step for determining a plurality of command identifiers from said shape comprises:
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determining yaw movement of said shape; and

storing said pitch movement.

96. The method of claim 95 wherein said step for determining said yaw
movement comprises:

determining an angle proximate said first one of said plurality of markers; and

comparing said angle to a previous angle proximate said first one of said plurality of

markers determined for a previous image.

97.  The method of claim 96 wherein if said previous angle is greater than said
angle a yaw right is determined and if said previous angle is less than said angle a yaw left

is determined.

98.  The method of claim 97 wherein no yaw movement is determined if the

result is within a tolerance range.



