SYSTEM AND METHOD FOR PROVI DI NG COVWWAND SI GNALS FROM A CAPTURED | MAGE Fi el d
of the Invention This invention relates to a processing system More

parti cul awbyp10ds08s5i nvention relates to using captured PERFS008G0ERT er m ne
command signals for an application. Still nore particularly, this invention
relates to a systemin which a canerg captures an inmage of a user with a
first set of markers proxinmate the head of the user and a second set of

mar ker s $YSFEMANB METHOR FOR PROCIDING COMNANIE SIGNWIERROM A vi rt ual
reality environment such as a gane or other interactive application based
on the positions of each groupagfrREBIMAGE i 0or Art Virtual reality
environnents are used in a wde range of applications. Sone exanples

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 environnents have bec&}[@%nféle obust and life-like. Mst virtual
reality environnents now allo gh the JBVERUn o obj ect or thensel ves around

the environnment with six degrees of freedom This ns that the object may
be Sroved al Biginyeptionredates te a proqessipg sy Yylorgp Y% &5 MVSAEOY (zoom) .
The object may al so rotate about any axis referred to as roll (along the z

axi s) , repitdasah ubiapg capturddsmagesdto sipterming opaundnalagnals foe ay application. Abldll t | onal
degrees of freedonms may be added if the user is allowed to manipul ate a
S econdmoek) eticul &UG thig verti@xiela8dtith ¥ sgstem ihavigelt a camera captures an image of
a user with a first set of markers proximate the head of the user and a second set of markers
proximate a hand held device; and determines movement in a virtual reality environment

10  such as a game or other interactive application based on the positions of each group of

markers.

Prior Art
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 (albng 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.



for aimng a device. Furthernore, additional degrees of freedom allow a
user to navigate and mani pul ate the sanme object concurrently w thout an

i nmplicit woizbosbsschange the control of one to the ot heCTAS2¢isrobmal
reality environnments and technol ogy have advanced, users want the "virtual
reality" displayed to the user to norg precisely mmc the notion of the
user to take advantage of the detail of the environnment and all ow the user
to be imMersed in the virtual environnent. In the past, several nethods and
systens have been used to track user novenent. One common net hod is through
the use of nutvidnalgeaipesvicamnadd &4 tbchnaldgydrkeddehias us@d dadt econd conmon
nmethod is the use of caneras to capture an i mage and determ ne noti on based

on t he ‘Qirfabrealify” Idﬁ)s‘[{aldyka@ 16 thefusbhe ntfh Bedcisely tbiRicRPdLSH Bf RISS 1o Ml ON

sensors are typically an accel eroneter connected to an object such as

user’ s Jq¢afhocdFthPERl MhWeh 'r(grﬂx‘:r‘en? 3 Qlow AR %)sbé:tizg-%%%%éhg% t@@%lﬁﬁl -

a
requi re wres or sone other orm of connection hese

conpect | { t he user'.s .movenent detracting fromthe enjoynent of
thegexﬁkel{r}llp(znrlllg%%{' tl'ﬂ{glgggsstésneé’g ai“%fﬂ%é’dar‘% Syég?t“? F?’G%E%Qﬁ? fBrleuses wear and
tear as the conponents are constantly used to take neasurenents. Finally,
the pr&9GVEPSRL S9ng sammen methadds fhrough the aseefmetien semsorsicannecteddo aser ' s
ability to npve about the environnment and performcertain tasks. A second
type ofiragkesdabieryard s seqond sommop methed is thewnserof camerspo vaumniimageand t he
user and then detect novenent by conparing positions of an object in the

i mage idatetthime poctioni basedén thieelifitreriqtositions ubthe @bt ini the ggfuled Aeest ype of
camera system an inmage or an object is conpared to an inage of the object
in a known position in relation to the canera.

10 Motion sensors are typically an accelerometer connected to an object such as a
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



From t he conparison, novenent of the object can be determned. In a second
type of camera system an image is captured and conpl ex nmat hemati cal nodel s
such as HyOoghioosesssf or mati ons and Fast Perspective Tran®ColSeacisons2ar e used
to determine notion. It is a problemthat conplex mathematic algorithnms are
needed in both of these systens to degectthe notion. Thus, either

responsi veness to novenent nust be sacrificed or a | arge anount of

pr oces shewpotionl Thesrithecagansivenes td heveyshtenustibs tadidficed efla ldogeandhnt, as a
great ampount of resources are needed to detect notion, only notion of one
obj ect ool AAkRENY APadifjBiiahé &ystdhe fRisiBd ed Hdcosi§! &MBgredhus, those
skilled in the art are constantly striving to provide a notion tracking
SYSt eMahfRfunk b bliithods Gl ddollePRVAAQRNRINCR, Sl ndHoloFhAE SoibliGali B b mPUt er
resour ces iTe maximzing the responsiveness of the sfs emto notion.
Sunmmar f.the . nventi.on The above and other problens are solved and an
advancén?nﬁn{l?%elglt e%?én%’raadgs S[/enﬁ]sterrs and nethod that performin accordance
with this invention. A first advantage of this invention is that sinple

mat femat i cal al gorithns are used to detect notion. This mnimzes the
amount of conputing resources needed to detect the notion and generate
command si gridius, thasqiskilled éy thecaat are gonstardlysitiiiag toprosiseadnotéomirankingzed and
granularity of control is maxim zed. A second advantage is that the notion
of nor eyitbarfooviguadbpaity emdyoringertts thakmthimizes the ushef usmputesrepowreeshehlilev t h
nore degrees of freedom of notion which in turns allows the user to control

t ar get nfvgkiizidPMe Pashaldivnesy ofah el Syt tamorb.l as changing the perspective
of the viewed display.
10 Summary of the Invention
The above and other problems are solved and an advance in the art is made by
systems and method that perform in accordance with this invention. A first advantage of
this invention is that simple mathematical algorithms are used to detect motion. This
minimizes the amount of computing resources needed to detect the 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.



A system for generating command signals froma captured i mage in accordance
with this invention operates in the follow ng manner. A canera or other

i mage capvonrelodsvidsse captures an i mage of one or nore olpCEsGo08EBaeh1 of t he
obj ects has a set of markers having a unique characteristic. Preferably,
each set of these markers has a uniqye shape. The inmage is then transmtted
to the system The systemreceives the imges and identifies all of the
markers in the imge. In sonme enbodinments, the markers are identified by
first identifying blobs of |ike-colored pixels. In still other enbodi nents,

only bl obs 4y, @rgﬁ%ﬁ@&?&%@ﬁﬂﬁ%%ﬂd 9dentifi€s ABHMe ALLGORSESESE. In

" Conpact ness ues of eac b 1s then determned. Fromthe
"conpact ne

ss,  val ue t he marke are. | th i rkers are
| dont PrEod RS e ke ol Fiebe Rl ph b tfflpg PG of e EBORAY 2
Preferably, the operties incl centroid posjtion.of .each of the
narkeﬂ§¥dﬁf?bﬁﬁkﬁéaBW@§@PP9E§(Hﬁgghgsﬂ%ﬁﬁﬁg crguge @F%Pﬂgﬁéﬁ@g?ﬂ@ mar ker s
are grouped into shapes. In the preferred enbodi nent, the shapes are
t r iBanglossiderede “Epmpaginess valnes ofreash hloblia then determped. Eraddisrent s, the
mar kers are grouped by markers having approxi mately the sanme "conpact ness”
val ue ‘apthpacteeg oalpes themerkemsrarefdeaiiehdi ng x or vertical values. After the
mar kers have been sorted into groups representing each shape, the novenents

i ndi cated by each shape are determ ned. The novenents mneasured include
hori zontal novenent, vertical novenent, zoom roll, pitch and yaw

ot o SN By oo el e e e
an aveises. 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.



hori zontal position of the markers and conparing the average hori zont al
position to the average horizontal position of the markers in a previous
i mge. | rweanw/qes95i cul ar enbodi ments, the previ ous horiPedIsGabosav@rage i s
subtracted fromthe cal cul ated average horizontal position to determ ne
hori zontal novenent. In these enbodi nents, a negative nunber indicates

| eftward novenent and a positive nunber indicates rightward

MoV e MeRirifedhbRe hobbezoktal MeViEan haly tedtdmibedilyhdesoleiewithinedtoldraddee
result is within a tolerance range in sone enbodi nents. Vertical novenent

may al 58,08 RelEiRbdEsleqqd stored in the fol l owing manner. In sone
enbodi me%ts the vertical novenent is determ ned by determ ning an average

vertical position of the markers and conparing the average verti cal
position to the average vertical position of the markers in a previous

i mage. In sgne. particul gr enmbodi nents,.the previous veriical average is
subt r act ed E%ngﬁ‘@v%r&?@d?%ﬁ 0 éggfﬂzf&@m\?g Fpﬁé&re‘glﬁsfhtei fého‘f’glgcfﬂ?@reﬁ'i e
vertical mnmovenent. In these enbodi nents, a negative nunber indicates
dovhwasanseeedimenignibe yerisel mpyanent indsternipgdcly delerining an pygage Nertical
Furthernore, no vertical novenent nmay be determined if the result is within
a t ol epesitien ofathganarkers ané cemipauingrthetayerago ynrtivel/positiin toethe averagbeertictler mi ned
and stored in the follow ng manner. In sone enbodi nents, the zoom novenent

i s det pasificiest thy netek&s i Bipfgian imaga bf sonfepatiayler embleiingntopthk ers/icusd
conparing the area of the shape to the area of the shape in a previous

| mage. vdfica ORrRRI | atradted AL itHE%HléﬂatEJi‘%vaa?é!ivféiatﬁ:aﬁb@ﬁtibﬁ 18 Weter@fdeed from
the calculated area to determ ne zoom novenment hi theSe enbodi nents, a

negat | ¥&oH "Relvehdll CRl GRedkC QMbONTRY AV AnkRE ! flaleficd|EBGAwhR! cat es
Zoom 1 n novenent. ur ernore, no
10  movement and a positive number indicates upward movement. Furthermore, no vertical

movement may be determined if the result is within a tolerance range in some embodiments.

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

some embodiments, the zoom movement is determined by determining an area of the shape

15  made by markers and comparing the area of the shape to the area of the shape in a previous
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



zoom novenent may be determned if the result is within a tol erance range
in some enbodi nents. Pitch novenent may al so be determ ned and stored in

t he fol | omOngiEnsyer. | n sone enbodi ments, the pitch noremscroasgoaet er m ned
by determ ning an angle proxi mate the second or m ddl e marker and conpari ng
the cal cul ated angle to the angle prqgximate the second marker in a previous
i mge, hi sonme particul ar enbodi nents, the previous angle issubtracted from
t he calubtidaste@dr@anghe abchlaedanglef addareasrofetht @nctnpraad i mresiosh ahspeante
conpared to determ ne pitch novenent. In these enbodi ments, a result of the

subt r agdhORePlo ARG DSV RRGR Tn HIAB cAMOAINRM, 8 ¥ uliFithOfibRbctidiofar eas

being Il ess than zero indicates a pitch down and a result of the subtraction

of andhGLELNg SLEA" Fin LHR Lk dibaSdOME ARG Wil 1oL1BaR ERSIbRAAY 0T eat er

t han zer a pitch up. novenent may —al's erm ned and

stored | he fal | ow nner, ..hi so nbodi nent the roll nmovement is
det er nPHELAY R R RO E e ectign of 8ite BRE Sl ihin 4ot miorfiF ot and
third narkers of the shape and_conparing the change in the current inmage to
t hed chiggeeas Reipg ersagest %%ﬁf?ﬂ%h%atﬁeat%gﬁlpt he first and third markers of the
shape in a previous inmage. In sone particul ar enbodi nents, the previous
change is subtracted fromthe cal cul ated change to determ ne roll novenent
hi these enbodi nents, a negative nunber indicates roll left and a positive
nunber i ndi Rall @sovienleht miaghlso beuletehainednad staredeiauthe follomhingmansgreln sone r ange
may indicate no roll novenent is detected. Yaw novenent may be determ ned

and st gh8sdildentsN el 10111 1AW ¥ BE ABkrmidbd B ERtGHDGIHE HPEHafge Yaiicslapbsiion
determ ned by the size of the angles proximate first and third
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.
15
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



marker in the image. In these enbodi nents, the size of the angles is
determ ned and a yaw right novenent is determned if the angle proxi mte

t he firstwoanloaso$ss greater than the angl e proxi mate thecwisiceasmwasder and a
yaw | eft is determined if the angle proximate the first marker is |ess than
the angle proximate the third marker.71n sone enbodi nents, no yaw novenent
is determned if the difference between the angles is within a specified
tol erance. Bhuiebovieesa otk hovimtaies ahd fdanaw sfgsshsemainciceordatteotvitiethisdvant ages
and features of a systemin accordance with this invention are described in

the f oldvemiidiDarPabaiibed il Be 61l ing DRI PR cSRVN bnkdhrd B wiPinl R ng dr awi ngs:

Figure 1 illustrating a systemfor capturing inmges, generating conmand
si gnal .ding the command signals to a second application in
accordgﬁgﬂﬂaggﬁM% S enbodi ment of this invention; Figure 2 illustrating a

bl ock di agram of onents of rocessi.ng systemithat provi des,a system
in accor dan?ég‘w ! ﬁﬁ%ﬁ%ﬁ%%y&?mﬁqrpcgpwﬁg gn?%ve%%e%@gﬁpggqa@d@gnﬂs@r ating
a flow di agram of a process for generat.ing conmand signhals froma captured
i n § magevigingthesomaad signals te ascersappHeationdp agqeordance yaty qngembodypend 4
illustrating a flow diagram of a process for detecting markers in

accor dahthés invertionne enbodi ment of this invention; Figure 5 illustrating a
fl ow di agram of a process for determ ning novenents indicated by shapes in
a captured Figuge? illusaatiny dblock didgidin ofieompdiedisrafatprodessing System that

provides a system in accordance with one embodiment of this invention;
Figure 3 illustrating a flow diagram of a process for generating command signals
10  from a captured in image in accordance with one embodiment of this invention;
Figure 4 illustrating a flow diagram of a process for detecting markers in accordance
with one embodiment of this invention;
Figure 5 illustrating a flow diagram of a process for determining movements
indicated by shapes in a captured image in accordance with one embodiment of this
15  invention;
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



I nvention; Figure 6 illustrating a flow diagram of a process for nodifying
paraneters of the systemin accordance with one enbodi nent of this

i nvent i orwwOBhounsesys7-18 il lustrating views of images i n@#CTSG2003/000421 er ent
novenents of a shape in accordance with one enbodi ment of this invention;
and Figure 19 illustrating a captured i mage fromwhich markers are
identified for two shapes and novenent identifiers are determned for the
shapes in accordance with one enDetdilédrDesefiptibn s i nvention. Detail ed
Description This invention relates to using captured i mrages to determ ne

command si gPgis $nfeRfioR Rl ABPHol aflol APtured inhdoed Ry ®etdifitd EothBhhd/sighdls forlavent i on
relates to a systemin which a canera captures an inage of a user with a

(ot oo ol SRS, UIEEAt Lk, USSR vhiaPE O™ kor

evi ce; nes novenent 1n a virtual
realit

nvi ronment .such a ne of her i.nteractiv | i cati,ons based
on t he‘y‘}? P§ pbivagsof dAise ‘8@66 ggsgfetrfgrﬁ%i‘%r. prgg@feé%{h@cﬁ@%? dad 25yt em
100 that is executing applications to provide_a software application having
a \A r t $eaPnd markersprogimaie & handheld ongthsr deyiee; and deterniges mgyemeRf ipgher type of
software platform System 100 includes a conputer system 105 including a
pr oceswirtugl ngality enmizomment sacivasot geane oleatherastesastive apiflsationsasedion thef i gure 2.
Al t hough shown as a desktop conputer in Figure 1, one skilled in the art
wi || r pesdistisaf ehdlagroop bEmatkepes of conputer systens are capabl e of

executing the software described. Display 110 is a LCD,
Figure 1 illustrates a system 100 that is executing applications to provide a software

10  application having a virtual reality component such as a game, simulator, or any other type
of software platform. System 100 includes a computer system 105 including a processing
unit, memory, and other devices as set forth below in figure 2. Although shown as a
desktop computer in Figure 1, one skilled in the art will recognize that other types of
computer systems are capable of executing the software described. Display 110 is 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 (/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



anal og di splay, and/or conventional television connected to a video port of
conputer system 105 to provide inmages transmtted fromthe processing
system t owa 20iods089dr i ver as set forth in Figure 2. Keybeam®$G2@B/oand1 ot her

| nput/ CQutput (I1/0O device (Not shown) are al so connected to peripheral
ports of conputer system 105 and are gised to receive inputs froma user for
use in the execution of the software | oaded into the nenory of the system

Caner a cddrfecis3o an TONp@DOT eomdput&aldBrfar ¢dh@hunisatbannik tiedvittaal aeality Sdfpwiare of
conput er system 105 to capture inages for use by software, including

sof t Walhgink Bx &R AR Sp M 105t HuSthEMERth®Proctdies %é%:fdrhﬁé bythd HRted fn W | |
recogni ze that al tthough the enbodi nents set forth in this disclosure are

rocr ) Al Lidh dnCAREH BRG, Hlentrd iR SERTAATINRHEN Blrcl HIPAREY 105

the system i n accordance w is Invention can be execute her
processi ng syst.emthatconnects tp an |/0O port. of .co ter 105 f.or
Sommun LAY P BRSaRTE s YT har et 2 2BY EompiRatior RhTE PESSTRE P W nput or
105. Furthernore, the processes perfornmed by the systemin accordance with
thi 8 i Areeibie$¥3feBe enbodied in software instructions stored in nmenory or
on a readable nmedia; firmwvare; hardware; and any conbination of the
preceding formats for use in the system One skilled in the art will also
note that although the systemis shown as executed by conputer system 105.

The pr ocess@menkifledlis thelet Wil dloy natd thay alsiep@h ahesystenc 3showg as ysdoated tsuch as
a server or other connected systens that connected to system 105 over a

net wor %emgt%f SRtIP165. PREpRkedstafay Mlsé BEpatdrmi¥d vy depsa@hré&stiigt conput er
system 105 may be a vi deo ganme consol e, simulator, or other processing

systemgthahs QIR 488l 6r SREFCOnHAGEd QARnRThGUIRHEEL BYTHER H8%ver a

10  network. Furthermore, one skilled in the art will recognize that computer system 105 may
be a video game console, simulator, or other processing system that provides the same

functions as computer system 105.

To use the system in accordance with this invention, a user would have two or more
15  devices such as headgear 130 and handAdeVice 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



To use the systemin accordance with this invention, a user would have two
or nore devices such as headgear 130 and hand device 140 affixed to the
user. Eachodew/oses9:30, 140 has a set of markers 135, 145Peirsieesos@ngizazed on
the outer surface or projected fromaffixed conponents. Each set of nmarkers
135, 145 are laid-out on the outer syyface in the representation of a shape
hi figure 1, each of set of marker 135, 145 are set out in the shape of a

trianghea@will b&ogﬁ&@fha$ pitlasiaped cslay b ased. Mithenote, ifiossvisishéd ettleri n the art
wi |l recognize that other geonetric shapes could be used. Preferably, the

shapesg, O{I’% . ded,Nays &hebm sﬁdf)"e,eﬁlddﬁﬁflbﬁ@ coRfd BE Sse@Nfh thil @gbodiriédtnct

angl es useé In notion detérmnation in accordance with this invention.

Each set of, markers 13 145 nusj . discernihl e f . o In this
embod; HEARFLpkorer Pastery Bty Sl T el ALREhATE AR R | D LT
one skilled_ inthe art wl| recqgni.ze that other shapes coul d. be. used.

Furt h&%?%@i@”i?seﬁ%m@‘f% C‘ggﬁ’é{rar?aéﬂﬂr %O%WQXEE’@BT %‘?p,mg[}n@fff%ti vity,
shape, and frequency could be used. In this enbodinent, the markers are

| ader thisiinvestiont hat are easily found in an image. Al though, Light Emitting
D odes, RF markers, and different colored areas may al so be used w t hout

departing fromthis invention. As shown in Figure 1, the first device is
head gear 130 that is affixed over the head of a user as glasses and/or

goggl es anda} shwoiaTismek et fdhdevioees heudkar 18bthasisaffixedatiet thedad front
side of head gear 130 and a marker 135 is al so placed at the top center of

the he REGT lafd § abER€ K34, lomehatlenPls Rafmedibe user.
Thus, %l%gﬁg%gﬁ ead ggeogg 535 \E/{m_&ﬁhebe used to control the view of the
virt uaéacﬁ %r%lnlt gi e 8Pf\1/elaﬁogre]:€r1rre 0 42 tahr'ngrker 135 is also placed at the top center of the

10  head gear. Head gear 135 is used to track the head motion of the user. Thus, motion from

head 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.



enbodi nent of the invention. The second device is hand hel d device 140.
Hand hel d device 140 is a substantially circular object held in the pal m of
a hand ofwohelwsesos Markers 145 are set in a triangul ar PCoseaeds®nodabout the
perinmeter of the circle. Device 140 is held facing the canera to allow the
canera to capture an inmage of the mapkers. 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 YhRINAGoR BicRELS pioteishe forideteralnin@lk niotionrvfithostiedts frofithy t wo
exanpl e of device with nmarkers are given. One skilled in the art wll

r ecognjaf et thkdBfedts! Phéd@ phddihdes bd r#eli’ﬁ)nﬂ@&' b§ BRocEsimPS stk eMitinfiBe Mar ker s

that nay be used in this in accordance wth 1nvention.” Furthernore,

al t hou j i i R id L. re | ze any
murber arbdo 8o ERuREE BBt o KL BeRER N 4 ok sBRPER T, &
invention includes processes _for determnin he ti .0f. .t he objects from
t he na?‘i?@‘?sasm&?yl%ﬁ@ tgffjp&f?’gps %’ﬁé%@roﬁ?%ﬁse@s‘i%%&%eé S}ﬁ%&f‘&ﬁﬁé‘@ihﬁl processi ng
systens executing the instructions for performng the processes set forth
bel%w. etEpefiment Hogvexer, pay Rrogpssifienysiem havirecimsay sognpapents maye ussér f or ms

t hese processes in conputer system 105 in this enbodi nent. However, any

pr oc esOnngkidlyd irctine laehwiitl gesignide dhat cbepontennspaneyts o€ thesydtenOire lefkiol | ed in t he
art will recognize that the exact conponents of the systemare left to

t hose gilokd slglled in thbgrt dedigiag b GPitag il aSaBdMot inithakic dnvbation aid that bihes
invention and that other conponents that performthe same functions may be

used WeddisentlaRA et Bin LEEid 8 GHs Gyl Ut |36 RAMBRGR ol thdh tnd nvent i on

Furthernore, one skilled in the art w recogni ze that other enbodi nents

that i %te‘ﬁgﬁ‘l 16RO HRE B HRRATE %drﬂleﬁﬂggey\@l{eeskiliédrim &rt YAl recognize

10  that other embodiments that include the processes embodied in software, firmware or

hardware are possible without departing from this invention.

Processing system 200 includes Central Processing Unit (CPU) 205. CPU 205 is a
processor, microprocessor, or any combination of processors and microprocessors that
15  execute instructions to perform the processes in accordance with the present invention.
CPU 205 connects to memory bus 210 and Input/ Output (I/O) bus 215. Memory bus 210
connects CPU 205 to memories 220 and 225 to transmit data and instructions between the
memories and CPU 205. I/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 /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



har dwar e are possible without departing fromthis invention. Processing
system 200 i ncludes Central Processing Unit (CPU) 205. CPU 205 is a
processorwormmympdscessor, or any conbi nati on of proces®oTSGaNE/000421

m croprocessors that execute instructions to performthe processes in
accordance with the present inventionp CPU 205 connects to nenory bus 210
and I nput/ Qutput (1/0O bus 215. Menory bus 210 connects CPU 205 to

menor i §511aP2R theart B rédghiza fAswhiy tahberafdypes of meatdrpamyhbetusedto t he nmenori es
and CPU 205. 1/0O bus 215 connects CPU 205 to peripheral devices to transmt
data bgtpReNm{sHUhdibn. and the peripheral devices. One skilled in the art
w Il recognize that 1/0 bus 215 and nenory bus 210 nay be conbined into one
bus or subdivided into many ot her busses and the exact configuration is
| eft to those skilled in the art. A non-volatile nmenory 220, such as a Read

Only Menory,( iS COo cted t nory bus, 210. -volatile ry 220
Stores 1oy ATplsieliay Aat eUAbepE Apra My (R DL fusfie APaffeety
processi ng system 200 and to boot the systemat start-up. Oneskilled in the
ar t5 wi fomemeihsZd Ot Nalatilgipemenyires stares (hsdastwictionsandydaigneeded g 68U o
performthis function. A volatile nmenory 225, such as Random Access Menory
( RAM) , 205togiesiormenfivetesidstrustivpior prangsseg $ach agdheipiocessescion pyovadiBg et or es t he

i nstructions and data needed by CPU 205 to perform software instructions
for preogessasacsurlaneswith ¢hipinvestice Onkakilled d thaki anigwil eycdnéra that @mycor dance
with this invention. One skilled in the art will recognize that any nunber

e A TR 4308 A1 e A PR s e 12
used is left as a design choice to those skilled in the art.
10
I/O 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. /O device 230 is any device (such
as camera 115) that transmits and/or receives data from CPU 205. Keyboard 235 is 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



I/ O device 230, keyboard 235, display 240, menory 245, network device 250
and any nunber of other peripheral devices connect to I/O bus 215 to
exchange wata10Mso89sCPU 205 for use in applications bei ngCesecussdoddy CPU
205. 1/ 0O device 230 is any device (such as canera 115) that transmts

and/ or receives data from CPU 205. Keyboard 235 is a specific type of 1/0
that receives user input and transmts the input to CPU 205. D splay 240

r ecei vesed tb splody titbahstnidtions ERhbRGkviatitg fospthayrioesgiascerrdanceoritethef or a
user to see. Menory 245 is a device that transmts and receives data to and

from QridcR6ra dnodedhnts B9t n@edtnd Mmedi a. Networ k devi ce 250 connects CPU
205 to a network for transm ssion of data to and from ot her processing

systens. This invention relates to providing control signals to an
application based upon a captured i mage. The control signals are generated

based upon t.he ion . of the object in the ¢ ured. | es. tion of the
object is d%’lgﬁe;ﬁ)ﬂfélatr?ﬁs gREF %?H()@&f 1}1%en5]|:a 18%§§12%nag§ g%’tgg nﬁflcog%éw%r ocessi ng
system _ Al t hough, the processes of this odi ment ar referably encoded
usithg with ong fabediment o this inpentiapy Pigerts J0sgHISIE Sﬁeﬁgpg(?gﬁ%‘ie“ﬁ%@r ammi ng

| anguages may beused to encode the instructions wthout deviati ng@ﬁfrom the
pr oc eseapiuredineaged dedmage is qahiareddcs ¢asesta andpeiseb o rroesss BAP & sterw 20 on.
Figure 3 illustrates a process 300 for generating command signals in

accor dane exanmjild oba eanteddmapais shdéwh i BigurevEht Indigurdt cads{r3R&] gBYi ns in
step 305 by receiving a captured inage. The inage is captured by a canera

and pagg&ds hﬁéd&BTﬁ%@Sé’ceSﬂﬁe ld3erBlof hadfes 1338 ErBG s§stein FOC ARl BélsdefiBge i s
shown in Figure 19. In figure 19, an InfraRed (IR) filter is used to just
det ect , {he LSkt 19%6,K91 5, 2hd 3930 HavkAPuRiusHShE Th 0 cadS tHdp1B&naeen

10  form first shape 1950 which is a triangle in this embodiment. A second set of markers 1925,

1930, and 1935 have a unique shape, in this case a circle, and form a second shape 1955

which is again a triangle.

After the image is received, the predetermined markers are identified in step 310.
15  Thus, in image 1900, markers 1910, 1915, 1920, 1925, 1930, and 1935 are identified in step
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



a first set of markers 1910, 1915, and 1920 have a uni que shape, in this
case a triangle, and formfirst shape 1950 which is a triangle in this
enbodi mrerwo 20se898d set of markers 1925, 1930, and 193PChsGeom/onnizgue
shape, in this case a circle, and forma second shape 1955 which is again a
triangle. After the inmage is receivedi4 the predeterm ned markers are
identified in step 310. Thus, in inmage 1900, markers 1910, 1915, 1920,
1925, 1086 casmahdre3Bapsr 950dedtlPF5 e trianglésess i8 itk ddstghrdeerdhoditeats.i Oae bel ow,
provi des one exenplary process for identifying the markers, although other
pr oces skilledfin itdant dthéransthods maybdasedsed. After the nmarkers are identified,
the markers are grouped into shapes in step 315. For exanple, in imge
1900, the markers are grouped into shapes 1950 and 1955. In this

enbodi ment, grouping is perfornmed by storing the grouped markers for one

shape |10 ARRBISHENEIUY br g B0 FET A Blnd S Iy TOROver 1

i's envision groupi ng ne e use ations, the
mar kers_are. gr ed in order. of ascending or horizontal values in the
ot 8 Pt Rfon g, PR, Profepl Wit sBaHE derBined heth Shpgi n 't he
case where shape 1950 and 1955 are triangles as in the described
enbodi FagHrs > ihysbrates jainrecess fpridgternine metinaridartificsyin aeagrdprceilionerhe not i on
identifiers for each shape are then determned in step 320. In this
enmbodi wEhodinkent pf thig iaventsoer t i cal , zoom roll, pitch and yaw are deternined
for each shape. Figure 5 illustrates a process for determ ne notion
identifiers in accordance with one enbodi nent of this invention. Once all
of the notion identifiers are determ ned for each shape, the command
Once all of the motion identifiers are determined for each shape, the command
10  identifiers may be translated into command signals if an interface is required to allow
communication between process 300 and the application requiring the signals in step 325.
For example, the signals may be translated into signals expected from a joy stick, keyboard,
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



identifiers may be translated into conmand signals if an interface is
required to all ow communi cati on between process 300 and the application
requi ri ngwohelmisgsval s i n step 325. For exanpl e, the sigmrarsGaens/obei21
translated into signals expected froma joy stick, keyboard, nouse, or any
ot her device from which the second application receives signals to continue
processing. Alternatively, the calculation could be directly provided to
appl i cat i orpEIRSIIYTEEL B1obPare dieteertl] Hie peifieatids fbedatridiniag skigies fonnthac cor dance
with this invention. Process 300 then ends when command and/or determ ned

Mot i ony)d tdil it LA Bintdn® ColpatiiSssdFthd §16b andlldugatd. qri n step 330.
Fi gure%l(z&i%?%gésl{?@gﬁéggh?ruogess 400 f(())?ﬂ)iadenstsi fying the markers in step 310 of
process 300 in,accordanc i i 1 Scal V.E0E QNG FEOCESS
200" bagrnaes P EREiER0ES - HbhdadREs SRR ERR: i hob e dMifita Ellin HOPEDS
enbodi ment,, bl obs are groups.of adjacent pixels havi he me and/ or
subst &A%G BKELS) YR drogyare ?E’(?H%F m Iﬁ‘fé’%iﬁ?fgﬁ?ﬁ %ﬂ?aﬁﬁlefssca@o O(ien\yg? ﬁé’ml s wel |
known and is left to those skilled in the art. Typically, blobs are a group
of 5adjpetiater sadareedwhichsnaseheessiblished byaequniing therotiter pixele(neimetesiand of ¢ he

bl obs are detected, the properties for determ ning shapes fromthe bl obs
are cabmlhahbet ofipixdhascapnhibeiobiat., Typicplytoaawpectogsstihexpsbssbd b$ cal cul at ed.
For purposes of this discussion, conpactness is a nmeasurenent of how cl ose

al | parti clgs 4i(dted bf sbj€@P@efiinetdr of objeet)f2 om one anot her in the object. The
conpact ness can be derived from perineter and area (which may be

est ably Nt i xels (perineter and total nunber of
W?gl%g\g)qy glf%cbki %ﬁ%&ests R aRUSHECP

pi xel s _ ject. Typically, conpactness is expressed as: M=
4p(ar eGflncoef, th%béo?ncy}azt/m(:?seorfla%%beirs k%wﬂ?it ?scéo)nll]f?ared 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, /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



Where Mis the conpactness of the object. Once, the conpactness of a blob
Is known, it is conpared to the conpactness for the shapes of the markers.
| f conpacwoesw/@m®sequal or at |east within an accept ablPeTiSchersanee1 of
being equal, the bob is identified as a marker. The desired properties for
each found marker are then cal cul atedgand stored in step 420. For purposes
of this enbodi nent, the centroid of each marker is found. The centroid is
t he center &iguré 8 ilbintrats padcsss J00ominichss difeegproans &or defergimng the mativeh i s f ound
usi ng common wel |l known techni ques. For purpose of the rest of the

di scus sdetifietdhie Acddd@aick Hith@ne RAMoHinkht Of tHiRIetidnS T HewisaEthe t he | ocation
or position is referring to position of the centroid. After the properties

of 1 he dRBkdRInoiHir IS EILNPL 6 akdbroURIN T Shih hoth Ak thihcigaPSy o 1 LIT S

enbodi ment, the ers-are group y equal or su iall'y equa

conpac I lcheindicate dent.ical. s es....For . ex | e, markers
1925, %@%%ﬁ aéﬁ& Lb?%&@%?' F?’Fﬂ%’gﬁ c%gg Bf gl‘r?seéléﬂsélpg’rs}ﬁgﬁaslﬂ%gf @e aﬁ%ﬁd@?nes s of
approximately 1. Thus, they can b rouped .t oget her. Markers 1910, 1915,
S 2o PBOLIAeES ST Qe ORA P80 S ORI S G HgAES 4 THRvE 1 SO1 3.
Further, the grouping may be done in order of ascending horizontal or x

val ues ferg. rpece, appotkelledandles art well reeoReire that thefolborping eqnatons 9re100

ends. Figure 5 illustrates process 500 which is one process for determning
t he nogiven fordemianguler shape Huwayed dinis expédidid thaorenskibbidrie tite aaf canhing vitivent i on.
To facilitate the discussion of figure 5, Figures 7-18 are provided to show

t he mohiodify thésedostepeitibathetizddmedicll EhARE using sBnplé hdfhdniBGS and QoS ES
of this discussion, the position of the shape in a prior inage is shown in

outline formand the position in the current inmage is shown in solid

10 Also prior to starting, process 500 may determine if all of the markers for the shapes
are in a region of interest 1905 in the image. A region of image may be any area of the
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 complgte
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:



form Furthernore, one skilled in the art will recognize that the foll ow ng
equations are given for a triangular shape. However, it is expected that
one skil w0 20r/atsbesart can and will nodify these for us@CmSGhoosioh@21
geonetrical shapes using sinple mathematics and geonetry. Also prior to
starting, process 500 may determne i all of the markers for the shapes
are in aregion of interest 1905 in the inage. A region of imge may be any

area of theMwmpmenetotrismgs.= (Ghiksq2xety30e3 d@ilarplogdxlyy di scardi ng any bl ob
i ncludi ng pixels out side the region of interest and then determ ning

whet hefyiRas Ngdket e RbAgshts HRRRioR 35 1R e ke & B YRR in Be dﬁ?ﬁeﬁﬁh?&ge,'c% a shape
does not have a full nunber of markers, default signals such as the |ast

set of pHELATAREAnR B0atich BPthe B H3RY: fdhe A3 Padfigiaped [rom t he mDtion

of thaf shape. we Is1s left as a gn-choi c f those skilled in
th . P 500 beaqi ' t 505 b lect i .0bj ect f
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identifiers begin jn ste i ning and storing horizontal

p géo by deter g g
mov@meAovepeR ikt Tp preyent sublls movemens frosm siusine o vsmsst IptsCls 8h present

shape 705 is shifted to the left past of shape 700. Figure 8 then shows

pr esentol¢rapggeraggnoistir exameple o S thworizpgiial moveperit< Shageing®ete motwrigpntal not e
that the size of the shapes does not change. Thus, the shift can be

det er mmoedmbyt. ttaspassibdgthahthistobrage ixadjustdtde by dret wser o dpplicativh t he mar ker s
in the present inmage to the average x or horizontal position of markers in

a pr evmuﬁ/iﬂ%me Gomfnahhl A glahrédess fiehla® hdSo8&kY 8hd o inlVRMAE 8L Aesdibeat al =
(ql x+g2x+q3x) /3 - (pl x+p2x+p3x)/ 3 Where: gqnx= the horizontal position of

the nt g agr igl%(we.\/&f Exe%@ﬁ%iit b trhp esqtgLerdEththé AREfakind anggﬁ( ufjlng g%y&@ﬂhi igont al

position of the n marker 1n ape in past I'na

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 = (q1y+q2y+q3y)/3 - (ply+p2y+p3y)/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 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



In this nmeasurenent, a negative nunber shows novenent |eft and a positive
nunber shows novenent right. To prevent subtle novenents from causing
novenent wetenkisesys a tol erance range of for exanple -.PBCIT/Seaoisnontal
novenent < .5 may indicate no horizontal novement. It is possible that this
tol erance is adjustable by the user gg an application receiving the comand
using a process such as the process shown in figure 6 and descri bed bel ow.

Howev ebeloEERevdr Sthb®fdre lft folihee skiielli thel att hhleing ahd/bRkdinga 8ydémain USi Ng a
systemin accordance with this invention. Vertical novenment i-s determ ned

and st U 8fiahfe slifhiokRentfibgure 9 illustrates upward vertical novenent in
whi ch present shape 905 is shifted up from shape 900. Figure 10 then shows

present inage 1005 shifted to downward from past shape 1000. One will note
that the size of the shapes does not change. Thus, the shift can be

i tho. pr eseHm PRBGEEDCiRErayEAgE ol mien 105 FiBBE? i BlesiioRars i n a

previ ous i mage as shown in the follow ng equation: Mvenent vertical =
(ql@+q2§/t-ﬁ!i@9§1¥13g awgpfromhe sergen ingwhigl peeseny shave HOSvesmallershiesil0on of t he
nth marker in a shape in the current inage, g, pny = the vertical position
of t heFigute Ihthke shaws prhsens hragee 1205 gasmingmge comingcloder o theasgerivent , a
negati ve nunber shows downward novenent and a positive nunber shows

nmov emewhidatesest shipe PLOBViS Margeithin pastiehper 006. Prcowilteats tlag thervensfithe
detection, a tolerance range of for exanple -0.5 < vertical novenent < 0.5

T A S 0 Y b R B o e ance 1
shape formed by the markers in the present image and previous image as shown in the
10  following equations:
First area is determined for the shape in each of the present and previous image using the
following equations:
Ma=sqrt ((m1x-m2x)"2-+(m1y-m2y)"2)
mb=sqrt (m3x-m2x)"2-+(m3y-m2y)"2)
15 mce=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 = qarea-parea

25



receiving the command using a process such as the process shown in figure 6
and descri bedbel ow. However, these are left to those skilled in the art
maki ng arsiDep1ousNsyg a systemin accordance with this i nPEmMSIGANNS/0EGIAM
novenent is determ ned and stored in step 520. Figure 11 illustrates
zoonout or backing away fromthe scrgen in which present shape 1105 is
smal | er shape 1100. Figure 12 then shows present inmage 1205 zoom ng in or

com nanGhiR$fdastremhe a 865RK0 numbehiltivsoeaeit nshveprni2Qba pésitiv gatibarhan past
shape 1200. One will note that the area of the shapes change. Thus, the

zoom C@@Q%Qﬁhﬁ&ﬁ@d&&%@ﬁ& &tisistd B vaM &t af8mA-88ne mdvemeahape formed by

the markers 1n the present 1nmage and previous i nage as shown in the
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(nme*(ms-ma) *(ms-nb) *(ns-nct)) where a, b, and c equal sides of the shape;, nF
i mdge Teceiving;thejcaremanyl esimg @ Arocespeyeh antheprosspnyhommdn fieuvs ard depggled x bei ng
hori zontal position and y being vertical position. Once the area of the
shape Balowm Howewuythesstare lefige thasarskiled amthetantemaldeg and/ot fring fh aystenh from t he
previous image (parea) are determ ned, zoomis determned in accordance

Wi t h td&Rordance 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 mec=sqrt (m1x-m3x)"2+(mly-m3y)"2)
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. 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))



foll ow ng equati on: Zoom = garea-parealn this neasurenent, a negative
nunber shows zoom out novenent and a positive nunber shows zoomin
novenent .wOQOvESUe®at subt | e novenents from causi ng novemremiSGdesmoaizon, a
tol erance range of for exanple -0.5 < zoom< 0.5 may indicate no zoom
novenent. It is possible that this tdoerance is adjustable by the user or
an application receiving the command using a process such as the process
shown iWhere gugle isthg rsize@g therangledmorgagwis thipweagerfor whieh ¢cheaargzld imfshapeoist hose
skilled in the art nmaking and/or using a systemin accordance with this

i nvent being deieriminedovenent is determ ned and stored in step 525. Figure 13
illustrates pitch back or upwards in which present shape 1305 has | arger
shapes at the bottomand a small er shape on top than shape 1305. Figures 14
then shows pitch forward or down where present inmage 1405 has a |larger top

mar ker caog tlﬁarﬁilglé%rar@ﬁ)fuflg{]ai@ﬁrié(@ét ,[iﬂgtf'inqﬁé %%IE%ngéaﬁg% As the top and

bott om shapes are sna one w So notice ape of the triangles
forpged chan _ it,ch can be determ ned by the size of the angle
progfnate tﬁgg?oggﬁébéﬁ%%ﬁd mar ker in each imge. Therefore, conparison of
this apgle can indicate pitch. Thus, the follow ng equations can be used to
find piteh. First the length of the sides of the shape in each of the
present and _previous inmage are determ ned using the follow ng equati ons:
ma=sqrt ( ( mit&@ielk 0} and (@3 are@yg2 bep) WBEsqrt  ((nBx- n2x) L2+( nBy- nRy) L2)
nc=sqrt ((m x-nBx) L2+(my-nBy) L2)

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) - (p1y-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.



where a, b, and c equal sides of the shape; nr inmage p or q; g being
current image and p being the previous inage; x being horizontal position
and y beiwg2vsyaspgoal position. After the sides are det epgirsedodasteeosat ccosi ne
of the sides is used to deternmne the angle proximate the second marker
using the follow ng equation: mangl ez =
arcos((malL2+nbL2-ntl2)/ (2*ma*nb))Wiere angle is the size of the angle; m
again is the inage for which the angle in shape is being determ ned. Once
the angles are found, pitch is determned in the follow ng manner: pitch =
pangl e- qang}, nid hRAsdrbmept, b ‘ﬁgga?f% nafBel (HdRsaER follidioRérfant an@h pRbitivd =
aktch_up else (pitch >0) "and ((p2_area-gq2_area) O ) pitch = pitch down

ere g : ' : ' and
2. ar i SRRl o hfitoRient 6 ERARRUITR o chis AmHb iAoV ERER
novene 1.5 determ ned an tored.in.step. 530. Figure. 15 j.llustrates |eft
rol | e 1P rwéw%rog@qxagwgep-g %gﬁglcﬁagmﬂ'?rfl% ﬁe’gfr?a\lkblpglcg e 5%1 shape
1500. Figure 16 then shows right roll novepent where the present inage 1605
tit3 echarizgpial@pyeen it frrqssibitthat ’fﬁ@é@l?fa@ﬁ%lmdwsta}? By {hﬁélﬁgft% é&sj ze of the
shapes does not change. Thus, the shift can be determnm ned by conparing the
aver agapplicationvesei viog thectvammyandodsingreprocessisuelhnad tha iprapesfesirwign figure 6

and described below. However, these are left to those skilled in the making and using a

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



the present image to the average y or vertical change of first and third
markers in a previous inmage as shown in the foll ow ng equation:

Movenent jwol2b102050895y - q3y) - (ply-p3y) Wiere: gny= the vecriscadosposizti on of
the nth marker in a shape in the current inmage, q; pny = the vertical
position of the nth marker in the shaZ® in past image p.In this
m*aasur(—igrena’,ég a f(EFgat.i ve nunber shows |left roll nmovenent and a positive
nunber €% qrf’a piged theppessine of the sidesienteddodeteeming venamdsploromte ausi ng
novenent detection, a tolerance range of for exanple -.5 < vertical
movenerhe secomd matker peing thesfoowingrdquatioral novenent. It is possible that this
tol erance is adjustable by the user or an application receiving the command
usi ng a progesgekuaitog(tmatdnper' QaabR)4Pmarme)) fi gure 6 and described bel ow.
However, these are left to those skilled in the making and using a system

i n accor danganyle3~aréd3{(End DVRBID- b2 YEWnIPYRYENt 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 snaller shape on the
bottom |l eft than shape 1700. Figure 18 then shows yaw | eft where present

i mge | r rker on the bottomleft. apnd smaller marker on the
bot t om@%ﬁ@ﬁ%ﬁhgég?og%pagg Bbreakis theinase fomvhieh fasangleinshaprjs, one
Wil ai}so gioi?i ce %hedﬁ{%e of .the triangles forned changed. Thus, yaw can
be det SFFEASHBINCE AR ngher icatesdhe marksk prasimateithe anglerdPargle Hamdir ker i n
the i mage. Therefore, conparison of these angles can indicate yaw. Thus,
the foPRRsle Agreifemeemapared diPangleikisgreaterfrightlygmmoviineat istdeerhiigtahd of t he

si des of the shape in each of the present and previous inage are determ ned
usi ng Phrglé 3lid greatagthen yaw left is indicated.

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 received. 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



equations: ma=sqrt ((m x-n2x) L2+(my-nRy) L2) nb=sqrt ((nmBx-nRx)
L2+(nBy-nRy) L2) nt=sqrt ((m x-mBx) L2+(m y-nBy) L2) where a, b, and c equal
si des of wbeoshspsds m= i mage p or q; g being current i nmege/Senaspodiei ng t he
previ ous imge; x being horizontal position and y being vertical position.
Afterthe sides are determ ned the aregosine of the sides is used to
determ ne the angle proxi mate the second marker using the follow ng

equat i weful peagirelal Ralfycas{ronmbdt+ Hol2verbit Mdy(12vaatine hpplications. It is

pangl e3=ar cos((ncL2+nbL2- maL2)/ (2*nmb*nt)) Where angle is the size of the

angl e; edPiAGRidthatShdLekiIRRUEtHoQkt MAia6A Wil ded B hRerhati AR difieds biithis
determ ned and the nunber indicates the nmarker proximate the angle. Pangle

1 and ; . ENCTeiel I ight yaw novenent
IS detl@?@ﬂ%ﬂ#@&ﬁgﬁéﬁ}@@%ﬁﬁ%ﬁéﬁp g{tﬁg E{gsrdg{;lft er tq R%%la%%e?g#rg{?ééb\?hdi cated. After
all of the novenent identifiers are determ ned for a shape, process 500
determnes if identifiers for another shape nust calculated in step 540. If
nore shape renmin, process 500 repeats from step 505 ot her process 500
ends. Process 600 illustrates an exenplary process for changing any
paranmeters intol erance factors or translations, hi this enbodi nent, process
600 is invoked 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

10



paranmeters. This may be done by entering a nuneric value or sliding a
di spl ayed power bar to the desired setting, hi step 615, the setting is
recei ved.wohelomsmssSetting is stored in step 620. After PhE/SG208etding i s
stored, process 600 waits for new conmand in step 625 or may end. The above
is a description of an exenplary enbegi nent of a system for generating
control signals using a captured inage. It is envisioned that this
i nvention i SVhati$ claithatisyuseful in a virtual reality environnent. However,
it may have other applications. It is envisioned that those skilled in the
art can and will design alternative enbodi ments of this invention that
infringe on the invention as defined in the clains set forth bel ow Wiat is
claimed is:q1. Assy ”%sft&H‘ifoPrcoﬁn%HﬁHMé AnCafflicBRR el ARORENE £X6AKLR] 1N 2
sof t war e systen1co rising: circuitry c I gure recelve a captured

i mge; rcuitr cqnflgured toidentify a first plurality of markers in
sai d cﬁﬁt&?gﬂnﬂﬁg , circuitry configured to arrange said first plurality
of markers in a fjrst sha ircuitry configured to determne a first
pl WWality of conffafHtr V&%‘Piélgulr?‘ﬁ fodesaivig santeref 1age; shape; and circuitry
configured to translate said first plurality of command identifiers into
command si gnal s; ciewitrg comhgured éa édensfy |fgstplarafity ohearkesirpr said wgptutedcamer a
comuni cabl y connected to said processing to capture and transmt

. Image;

circuitry configured to arrange said first plurality of markers in a first shape;

circuitry configured to determine a first plurality of command identifiers
10  from said first shape; and

circuitry configured to translate said first plurality of command identifiers

into command signals; and

2. The system of claim 1 further comprising:
15 a camera communicably connected to said processing to capture and transmit
said captured image.
3. The system of claim 1 further comprising:

circuitry configured to transmit said command signals to a second

20  application.

4. The system of claim 1 wherein said circuitry configured to identify markers
comprises:
circuitry configured to detect a plurality of blobs in said captured images;

25 circuitry configured to calculate properties for each of said plurality of blobs;



said captured image. 3. The systemof claim1 further conprising: circuitry
configured to transmt said command signals to a second application. 4. The
syst em ofwol2aionsissdherein said circuitry configured to ipdersG26os/oneker s
conprises: circuitry configured to detect a plurality of blobs in said
captured inmages; circuitry configureg to cal culate properties for each of
said plurality of blobs;circuitry configured to identify each of said first
plurality of marckedhityf éodfighidctopdenty teaels obkaid ofirst pluecdity of meakdrs from
configured to determ ne properties of each of said plurality of markers;

and C%ﬁaﬂﬁé&ﬁ&; fshidwi&yl to store said determ ned properties for each of
said plurality of markers. 5. The systemof claim4 wherein circuitry

configured to ool uhal Sxifl L PIPRRILIRS [beRREOlR gl Yilfity off bl obs

conpri ses: circﬁ???& configure e conpactness ea

pIuraIitg of bl obs wherein conpactness is a neasure of relative distance

bet weeW 5 Hf'al ity of pixels in said blob. 6. The systemof claim5

wherein circuitry configured to cal cul ate said ([i)ropert_i eE for eafch,gf sai d
or (8)

plé@rality of bl @gfgul@afnﬁ(pnfglg@d to store said determined properties each sai
plurality of markers.
5. The system of claim 4 wherein circuitry configured to calculate said

properties for each of said plurality of blobs comprises:
10 circuitry configured to determine compactness each of said plurality of blobs
wherein compactness is a measure of relative distance between a plurality of pixels in said

blob.

6. The system of claim 5 wherein circuitry configured to calculate said
15  properties for each of said plurality of blobs comprises:
circuitry configured to determine an area of said blob; and
circuitry configured to determine a perimeter measurement of said blob.
7. The system of claim 4 wherein said circuitry configured to determine
properties for each of said plurality of markers comprises:
20 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.

8. The system of claim 7 wherein said shape includes a first one of said

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



circuitry configured to determ ne an area of said blob; and circuitry
configured to determ ne a perineter neasurenent of said blob. 7. The system
of cl ai mwowhavmssyssaid circuitry configured to determ RETSGo@SDI4Rs f or
each of said plurality of markers conprises: circuitry configured to
calculate a centroid for each of saideglurality of markers wherein said
centroid includes a vertical position and a horizontal position in said

capt ur eduiahiygef merkerh end seidepirafitry Icanfigiredte detenmémi a phirably oficomnbesd a

first one of said plurality of markers, a second one of said plurality of
mar ker sdemifidrsafrérhisaid shaype afmsisestpl ural ity of markers and said circuitry
configured to determne a plurality of command identifiers fromsaid shape

conprises: cir cuidifNit§Qsbnifigifeddo deteffing WHelRr WHGH HelaiCR&R seformiBind tfliifr(ﬁ st,
second and third ones of said plurality of shape are with an area o

i nt er esfned B SR Hubfilf §f ﬁﬁ}ag E%?f{fth Aekes bf fitdrbdt¥n gaﬁg E%Fg:wegﬁfntag?,%g vide a

previ ous set of command | Iers i n response said first,

sec@nd, and third; f said plurality of .markers_bein i t.hin sai.d area
of |gnt erest. O. %ﬁrg{?@s?%n %lfedcfoaipﬁqv‘)éﬁé?rg}'lﬂu%gf’tdogﬁ& ﬁ‘eﬁa%r T$HR ¢ st
one of said plurality.of rkers, a second one _of said plurality of

mar ker sr?SpQHngfé’ ‘?qjiiq'l]dgfb%d Stg sgegneb| %datﬁ}r@)f’nSﬁ ofragifd grlaraliygoismiatkets being t ry

configured to determne a plurality of conmand identifiers fromsaid shape
conpr i Jeighin gaid grgatof ynterss i gured to deternine hori zontal novenent of said
shape; and
9. The system of claim 7 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 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
10.  The system of claim 9 wherein said circuitry configured to determine said
horizontal movement comprise:
circuitry configured to determine an average horizontal position of said first,
second and third ones of said plurality of markers; and
20 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.

11.  The system of claim 7 wherein said shape includes a first one of said

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



circuitry configured to store said horizontal novenent. 10. The system of
claim9 wherein said circuitry configured to determ ne said horizontal
novenent worpro/esesdsci rcuitry configured to detern ne anPrParsGags/oheri zont al
position of said first, second and third ones of said plurality of markers;
and circuitry configured to conpare &4id average horizontal position to a

previo r grizontal posi.tion of said first, second, and third ones
of sai ﬁﬁlﬁ@\i&?ﬁqﬂﬁy f ?‘Fgf?éﬁlisglﬂg‘llgy PR rp@,to Aeraineoy pluralityeof dommard

syst em. of .%:I ai.m 7 wherein said shape includes a first one of said plurality
of mar I%‘%Pg,lerﬁf?&ﬁﬁﬂﬂls@i’é%m@é?sd plurality of markers, and a third one of
saidplurality of markers and said circuitry configured to determ ne a
plurality of conffiiry genfigiredtosdeteromnesairtica hAp@nRANDE safPhap&iahgui t 'y
configured to determ ne vertical novenent of said shape; and circuitry
configured to storaigpicdnfigirtd wattorovyid Veftical hdverhlg System of claim 11
wherein said circuitry configured to determ ne said vertical novenent
conprises: circuitry configured to determ ne an average vertical position
of said first, second and third ones of said plurality of markers; and

circuitry confi guhedydOn GPRALE IS@hQ']pl%vs%E(fl gf‘?lﬁ gltcbgﬁ!%lgﬁg%(l) tgﬁlefgrr}@lﬁig ,sgidones of

previ ous average vertical position of saild
sai d p{,éfﬁ@.({lirﬁ&(,e&%n{@o%%sseszdeterm' ned for a previous inmge.

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

10 circuitry configured to compare 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 image.

13. The system of claim 7 wherein said shape includes a first one of said
15 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 zoom movement of said shape; and
circuitry configured to store said zoom movement.

20

14, The system of claim 13 wherein said circuitry configured to determine said

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



13. The systemof claim7 wherein said shape includes a first one of said
plurality of markers, a second one of said plurality of markers, and a
third onewof2omaisagopl ural ity of markers and said circuit PgTSGR6GS@OeRd t O
determne a plurality of command identifiers fromsaid shape conpri ses:
circuitry configured to determ ne zoot novenent of said shape; and

circuitry configuted..to re.sald zoom npvenept...14. The system of ¢laim
13 wherein said %?r?gllﬁyt%oéltﬁ%%rﬁfi is[%ﬁ?lgaaliega]g{e)?r ?H'Fﬁ’éd é]ét}P& t?&d}%‘ﬁﬁ%‘?@%f’%
conpri se:, Gircuj onfigured to determ ne an area of said shape defined
by sai ¢2f) ?ﬁ?f’? “L“'ct?&%ﬂgbyaﬁéfgt ﬁ’f%“ﬁ%ﬁ %’Fim trdy opesy o4 saidy phiralitsir afemarkers
andcircuitry configured to conpare said area of said shape to a previous
ar ea 0F13§§P@e§ﬁ%fp%pf§w&éﬁagﬁ/ said first, second, and third ones of said
plurality of markers determ ned for a previous imge. 15. The system of

claim7 wherein said shape includes a first one of said plurality of
mar kers, a second one of said plurality of markers, and a third one of said

pl usal ity of 1fmr Kiiessysteth i dlaifii 7CWhéreih e4IAf SHAPE GHcIh@esIRBETORE & Ridiral ity
of command identifiers fromsaid shape conprises: circuitry configured to

det er mpRgalpty t S mBRERNBNecOid DAL APE vy i LT i gured tg.store

said g}pt c% !rymvement . 16.eCThe%§§/g’{§§1ﬂg@uﬁ%§fr??fé&g\ﬁsa’r %Illﬁggféflr%%&grocffﬁa(fy

confi gﬁtﬁﬁit&%fdﬁlaﬁ{efg Al §ﬁhdcir%'u}t?yh cShguted fo GOMRAIRSS :plurality of command
identifiers from said shape comprises:

circuitry configured to determine pitch movement of said shape; and

10 circuitry configured to store said pitch movement.

16.  The system of claim 15 wherein said circuitry configured to determine said
pitch movement comprises:
circuitry configured to determine an angle proximate said second one of said
15 plurality of markers, and
circuitry configured to compare said angle to a previous angle proximate said

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

17.  The system of claim 7 wherein said shape includes a first one of said
20  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 roll movement of said shape; and
circuitry configured to store said roll movement,

25



circuitry configured to determ ne an angl e proxi mte said second one of
said plurality of markers, and circuitry configured to conpare said angle
to a prewous10d3ggos proxi mate sai d second one of said plParsiG2eos/ood42mar ker s
determ ned for a previous inmage. 17. The systemof claim7 wherein said
shape includes a first one of said pbgrality of markers, a second one of
said plurality of markers, and a third one of said plurality of markers and
said circuifgy cowd é;@uiledf thidet7ewhirsia @idtiwduitry cynffured roragtemiide saidf i er s
from sai d shape conprises: circuitry configured to deternmine roll novenent
of saig @fé‘?nen@% decuitry configured to store said roll novenent.18. The
system of claim17 ere| n said circuitry confi gured to determne said roll

oo SPPL SSiafky CAbde BT OLEART ! Sl B TLABACARRAOG: Ly Yes! | col

position of sai °f I rd ones of sal ers; and

ci rcui t nf| g e.sai d change verti cal position to a previous

changear} PPFSC sa%démaf%@%pargg dal?qcrst and third ones of said plurality

of markers deternined for_a previous |mag 19. The systemof claim?7

whér ei n sai d shagecuitae Ferfisired 19 pampasp saigt clgeq Vﬁrttﬁabpi)%ﬂ}orbfo FRFREQTS, a

second one of said plurality of markers, and a third one of said ;f(@fsrallty
e

of maréenge dndvestical masiton OF ysalxbrﬁrstgant(bdlhltcb aes exfnsaid muralityr af im
command identifiers from said shape conpri ses:

determined for a previous image.

19.  The system of claim 7 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 circuitry configured to determine a plurality of command
identifiers from said shape comprises:
circuitry configured to determine yaw movement of said shape; and

circuitry configured to store said pitch movement.

15
20.  The system of claim 19 wherein said circuitry configured to determine said
yaw movement comprises:
circuitry configured to determine an angle proximate said first one of said
plurality of markers; and
20 circuitry configured to compare said angle to a previous angle proximate said

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

21.  The system of claim 1 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



circuitry configured to determ ne yaw novenent of said shape; and circuitry
configured to store said pitch novenent. 20. The system of claim 19 wherein
sai d cirowDt2ow/sesysi gured to determ ne said yaw novenenPCTOSGROGSHOE21
circuitry configured to determ ne an angle proximate said first one of said
plurality of markers; and circuitry ggnfigured to conpare said angle to a
previous angle proximte said first one of said plurality of markers

det er np1aR@ty SHapds Mherdidsid iplirgiéty lshapéseinslnge eadoirscilaips) saidvphraity ofai d
captured image includes a plurality of groups of said plurality of markers
wher ei oglgsfigclgllﬁe S #rd lprrﬁlhtktoYnfhfrké}g,%ﬁssaﬁ@@fﬂe‘ﬁﬂﬁlr@lfer edthpridki ty shapes

wher ei urality of shapes include said first shape, said plurality

of groups includ ' ' / i f . id system further
conprises: cir cu%cr%)%}hg%gn"ﬁggteﬂ gé%%lnilf%xéanc? ioff ;/ggi gg’?ﬁrﬁlgﬂyadgg?%ﬁ%rg’ur ality of
markers; circuitry confiqured to arran ai.d plurality of . ker.s into
said plurality 0?1}/‘69%5@ ’&Pf‘%athaéﬁaEg%aagﬁPﬁﬁlﬁXioﬁ&a@ﬂ Sﬁ}to §%§H§’ﬁlgfl{ﬁlﬁsyaq#iqt y of
shapes; circuitry confiqured to determne a plurality of comuand

i dént | geBpsofimarkerscactodetming eng efisaisk plurelibeet shapes: circuitry configured to
transl ate each of said plurality of identifier for each of said plurality
of shapes into ccmwndcaifipuaddsto dRernifieea plypsaliéyrodtomandnidentifitxgrfoheach
conprises: circuitry configured to transmt said command signals to a
secondof plurality of shapes; and

circuitry configured to translate each of said plurality of identifier for each of

said plurality of shapes into command signals.

10
22.  The system of claim 21 further comprises:
circuitry configured to transmit said command signals to a second
application.
15 23.  The system of claim 21 wherein said circuitry configured to identify markers
comprises:

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
20  properties of each of said blobs;
circuitry configured to determine properties of each of said plurality of
markers;
circuitry configured to group said plurality of markers into said plurality of

groups of markers each identifying one of said plurality of shapes; and



application. 23. The systemof claim2 1 wherein said circuitry configured
to identify markers conprises: circuitry configured to detect a plurality
of bl obs W0 208W03089apt ured i nages; circuitry configured POTS&2e8000421
properties for each of said plurality of blobs; circuitry configured to
identify each of said plurality of mgrkers fromsaid properties of each of
said blobs; circuitry configured to determ ne properties of each of said
plurality of mardueuBiy eonfidtiréd Yo ctumé isgidr detetnningd uepesiddsdfqpl eachl oft saidf
markers into said plurality of groups of markers each identifying one of
sai d wuﬁﬁﬁy&Mh£§m§hapes; andcircuitry configured to store said determ ned
properties for each of said plurality of markers. 24. The systemof claim
23 wherein said circuitry configured to calculate said properties for each
of said plurality of blobs conprises: 25. The system of claim23 wherein

said circuijry nfigured.tp.deferm ne propert.ies far h id.
plurality c?% : ma?ﬁlﬁr @ggeg?rﬂf F@&E%CYVE]?SH gag}&)c‘fgﬁlfllira ucrogﬁg%r %gg(élc%{ﬂ]gat%egaéd
centroid for each of said plurality of markers wherein said centroid
i n@l udwepesticadior pack ofsaid nlwghty M ploPsicompsisetal position in said captured
i mage. 26. The systemof claim25 wherein said circuitry configured to
determ ne said

25.  The system of claim 23 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

10  markers wherein said centroid includes a vertical position and a horizontal position in said

captured image.

26.  The system of claim 25 wherein said circuitry configured to determine said
plurality of command identifiers comprise:
15 circuitry configured to determine command identifiers for each of said
plurality of 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
27.  The system of claim 26 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:



plurality of command identifiers conprise: circuitry configured to

determ ne command identifiers for each of said plurality of shapes; and

ci rcui t rywoanfo/gosved to save each of said plurality of @cospg003@pesesenti ng
each of said plurality of shapes as prior shapes from previous image in
response to determning said pluraligy of conmand identifiers. 27. The
system of claim 26 wherein said each of said plurality of groups of shape

i ncludes a fir stciaRryodondiguebdnb Wegtiing vifethrm ket of said St aecbrdrenddhirdai d
plurality of markers, and a third one of said plurality of markers and said

Ci rcui dfey ($QBd SuFARy P HAkEsEME pactichMF gkédpyr@tres@@tmg% wiR Nl reglo$ from

sai d shape conprises:circuitry configured to determ ne whet her each of said

first ’in?é?e%?ﬁ%aﬁf‘%gﬁﬂé&ﬂn es,of said plurality of markers of a particular

group representli are wth an area of interest in said captured i nage; and

circuitry configured to ovi,de a previous set of commnd | tifiaens for
sai d shape in recgggﬂgyecqngirg%etddfglpro‘gée LBCYOHP P%tto% cou ng,lgfgﬁlgi%?shff% aﬁ énes of
said plurality of markers of —said particu|ar group_bein i.thin said area
of 5 nt¥epain respensepnehalk it %F@F?ﬁ%ﬂ%d@“@i Gnes g€ Reid praality PIFESSt y of
groups representing a shape includes a first one of said plurality of

mar kerof,sail pmeticotat goowp ofing wiithinpdaid arka efingsrestar kers, 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
determ ne horizontal novenent of said shape; and

28.  The system of claim 26 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 horizontal movement of said shape; and

circuitry configured to store said horizontal movement.

15 29.  The system of claim 28 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
20  previous average horizontal position of said first, second, and third ones of said plurality of

markers determined for a previous image.

30.  The system of claim 29 wherein circuitry configured to compare said average

horizontal position comprises:



circuitry configured to store said horizontal novenment. 29. The system of
claim 28 wherein said circuitry configured to determne said horizontal
novenent WOrzpro/esesys circuitry configured to determ ne amCaisezerg@oduati zont a
position of said first, second and third ones of said plurality of markers;
and circuitry configured to conpare gaid average horizontal position to a
previous average horizontal position of said first, second, and third ones
of said plurali tc}i‘rcfﬁ\tl\l%rf@fnki@ﬁﬁedd@t aibtraaiedid previbupriovizontal hvergee fi36. siihe
system of claim 29 erein circuitry configured to conpare said average

hor i 2ot Ak, A2 drf boS{HTR dnd SFhdrbin & hedaltve fihb&Un@italed 18 Ridvaflent@ida
a;gyg?ﬁs ﬁ;I;O? al axgragg yonlsall ?Yerage horlzogtal position and

wher 0 ve .nunber, i ndj ¢ s le novenment and a positive nunber
|nd|céP@IYFF:ﬁ%@%ﬂ¢@W§ﬁFgm§T8bqﬁ%%systen1of claim 30 mhePein no hori zont al
nmovenent is determned if the result is within a tol erance range. 32. The
system of claim 26 wherein each of said plurality of groups representing a
shape includes a first one of said plurality of markers, a second one of
sabd pl ur al3l hefsystemkel daimAQ whereinme kerizoptal él&i‘f&mﬁph%%ﬁ?t?@lﬁ?dq }#a‘gﬁer s and
said circuitry configured to determne a plurality of comand identifiers
from gasult is kdihén & aigancsaangei rcuitry configured to determ ne verti cal
nnvenen: of said shape; and circuitry configured to store said vertica
novenent .

C

32.  The system of claim 26 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 33.  The system of claim 32 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
20  average vertical position of said first, second, and third ones of said plurality of markers

determined for a previous image.

34.  The system of claim 33 wherein said circuitry configured to determine said

vertical movement comprises:



33. The system of claim 32 wherein said circuitry configured to determ ne
said vertical novenent conprises: circuitry configured to determ ne an
aver age Weoooalsog9esi ti on of said first, second and thi rPdToGeesohLai d
plurality of markers; and circuitry configured to conpare said average
vertical position to a previous avergge vertical position of said first,
second, and third ones of said plurality of markers determ ned for a
previous image. gtbuitkhEorfpatiMoodeteindhénad Jvetage eficabpekition ofl isaidyfirst,
configured to determne said vertical novenment conprises:circuitry
confi ! ; i@l position of said first, second
and t%@éﬁﬁéﬁ@éﬂ%ﬁ@é&ﬁd&%g@&l@éﬁy oféﬁn%{rskﬁgs; and circuitry configured to
conpare said average vertd cal, nosit.i . ' V. i cal
bos) 11 on of sal eney gl B Btpofrdi8 fa e thAR, PRIAPE VBN o ver
determ ned for a previous i, e. 35. .The st em of. cl ai 4 erejn said
ci r cuidvPpee oisFticgl paditien Og éﬁg:(%ét’ Sesda gt %@t Y Ofoﬁﬂcgpmﬁéggy }tlc\’?%ark?fﬁ'pr i ses:
circuitry configured to subtract said previous vertical average from said
av@r agleteravingddfar a peyiqusémagihd wherein a negative nunber indicates downward
novenent and a positive nunber indicates upward novenent. 36. The system of
claim 35 wherein no vertical novenent is determned if the result is within
a tol erance range.

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

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

and a positive number indicates upward movement.

36. The system of claim 35 wherein no vertical movement is determined if the result

is within a tolerance range.

15
37.  The system of claim 26 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.

38.  The system of claim 37 wherein said circuitry configured to determine said

zoom movement comprises:



37. The system of claim 26 wherein each of said plurality of groups
representing one of said plurality of shapes includes a first one of said
pl ural it ywoformensksdss, a second one of said plurality of Poaskesms/ooand a
third one of said plurality of markers and said circuitry configured to
determne a plurality of command idegifiers fromsaid shape conprises:
circuitry configured to determ ne zoom novenent of said shape; and

circuitry confi gucBfiry Qon¥iolfed 16 debrABRMmn@yLoEMid skdpe defiaed g kaith fokt, cl ai m
37 wherein said circuitry configured to determ ne said zoom novenent

ConprhﬁgﬁﬂQ&HQHﬂ&Bﬂbi?ﬁgﬁfﬁﬂ%%ﬁfd¥“Qﬁkéﬁﬂ&ﬁp an area of said shape defined

by sai I'rst, secon ones of said plurality of markers; and

circuitry configured to r i Q i t QWS area
o sai d Shape daHieHOE ByTEura icpBptoNaRfngh of B sfitRS st Beh s
plurality of rkers determ ned for a previous i e 9...The.sysi em of

cl ai msa W?@Pﬁ‘?#(@ oY R Sy §eceB ffﬂ@fﬁ {9t c?r}?%h%é’iga]é%(i of Bakes
conprises: circuitry configured to subtract said previous area fromsaid

ar da alstermineddpna prayeyetiingge. nunber i ndi cates zoom out and a positive number
i ndi cates zoomin. 40. The system of claim 39 wherein no zoom novenent is
determned if the result is within a tolerance range. 4 1. The system of
claim 26 wherein each of said plurality of groups representing one of said

pl ur alji ty ofg. shapgssysted bflgsina3$ wheteiw bed @frcsityctopfigired itd to afmpame keds, a
seconda one

areas comprises:
circuitry configured to subtract said previous area from said area and wherein

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

40.  The system of claim 39 wherein no zoom movement is determined if the

result is within a tolerance range.

15 41. The system of claim 26 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.

42.  The system of claim 41 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



of said plurality of markers, and a third one of said plurality of markers
and said circuitry configured to determine a plurality of comrand

i dentifi ewe 2brooso®ai d shape conprises: circuitry confi gecesGeasdetser m ne
pitch novenent of said shape; and circuitry configured to store said pitch
nmovenent. 42. The systemof claim4 3gwherein said circuitry configured to
determ ne said pitch novenent conprises: circuitry configured to determ ne
an angl e proxi matiecui@ay dosEgeatitocdmpate shid shgbd ter épretioue inglapkaimate said
andcircuitry configured to conpare said angle to a previous angl e proxinate

sai d seeeRdom st afd SatditpbEhatkietsydBfmiFRIdNEF 8 pARigIsAinpgs] for a previous
i mge. 43. The systemof claim42 wherein said circuifry configured to

conpare said average horizontal position conprises instructions for
subtracting said previous angle proximate said second one of said plurality

of markers om sai d angl r.oximat.e sai d .second one. of id plurality of
v Ker s winers ' 10% SyTPE G QARET MRS ohig“Fibn PRted b Corfpeth i
circuitry cogf i_gur?d to.determ ne sai d pi tcrg further conprise: circuitry
cortt i gfiYeERLS: BOdimal aRYSIUOT, CaPHERS Wskuctions Stor publiaging sHd Bevieds dngleurai ity
of markers froman area of said second one of said plurality of markers
wher ei prozimajertseid sesond emeee! sahplurdity dfnmpdkarsefopi said-angleaprgximate gaidi ve
nunber indicates pitch-down. 44. The system of claim43 wherein no pitch
nmov enesdcond omkedfevaid plachlity of inerkeesswhdreing resulhgeatar thah ec@riadicatanpiech aifl. The
system of claim 26 wherein each of said plurality of groups of markers
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

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

44. The system of claim 43 wherein no pitch movement is determined if the result is
within a tolerance range.
15
45.  The system of claim 26 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.

46.  The system of claim 45 wherein said circuitry configured to determine said

25  roll movement comprises:



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 onewof2omaisagopl ural ity of markers and said circuit PgTSGR6GS@OeRd t O
determne a plurality of command identifiers fromsaid shape conpri ses:
circuitry configured to deternmne rojd novenent of said shape; and
circuitry configured to store said roll novenent. 46. The system of claim

45 wherein sai d gihigy! donfigaRf fodlet@thiida Rintreninneoriedl hosioloh afewientrst
conprises:circuitry configured to determne a change in vertical position

of Salagdfﬂ'é}hf&ne@%%&lﬁysa, g%sfn%kér?-'ﬂdp' urality of markers; and circuitry

configure 0 compar change verti cal p05|t|on to a previous change in

vertical positi on of Sa'n%gu%ed éC%g’an}%w & 1%91'15;08& lﬂst@vd]%)évghs mar ker s

deternined for & tﬁP i OULS mag e sys rein said
circuitry confl dto co dve ti.cal p0|t| £, _sa rst and
t hi r d HARES & V§ pﬂoﬁlltlﬁpl n{/) P8 gflpilgglftp’y % #edﬁred to
subtract said tprew ous change vertl caI p05| tion from said change in
vebt i ceterpasidtfpompreniPudeags- n a negative nunber indicates a left roll
novenent and a positive nunber indicates right roll novenent. 48. The
system of claim47 wherein no roll novenent is determned if the result is
within a tolerance range. 49. The system of claim26 wherein each of said
plurality aof7 gr opRssydfeniTof kRii® 46 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

10  said change in vertical position and wherein a negative number indicates a left roll

movement and a positive number indicates right roll movement.

48.  The system of claim 47 wherein no roll movement is determined if the result
is within a tolerance range.
15
49.  The system of claim 26 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.

50.  The system of claim 49 wherein said circuitry configured to determine said

25 yaw movement comprises:



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 onewof2omaisagopl ural ity of markers and said circuit PgTSGR6GS@OeRd t O
determne a plurality of command identifiers fromsaid shape conpri ses:
circuitry configured to determ ne yay novement of said shape; and circuitry
configured to store said pitch novenent. 50. The system of claim49 wherein

sai d circuitry coRbitBUERSihRdtR! @itiiife G iadgMaWoRkMREBAI first one of said
conprises:circuitry configured to determ ne an angle proximate said first

one °fp1&%ii®é}‘r}f£rﬁéﬂs}éhd°f markers; and circuitry configured to conpare said
angl e*to a“previous’ angle proximate said first one of said plurality of

mar kers determned for a_previous inage., 51. The system of clalm 50 .wherein
if said previ ousCIE?Hnyecqng%Bfreéé? g?mp?ﬁ%aléiaﬁnéleatﬂﬁlpée\éo?/sawg% %rﬁfd%‘lha{s& Fader i ned
and if_said previous_angle js less than said angle a yaw left is
det er fitplerpe cf saidphwralilyqtaparksrs determingd fQppteyiRUhBN38sw novenent is
determned if the result is within a tolerance range. 53. A nethod
pewformed by a processing device for providing commands to an application
conprising: receiving a captured inmage; identifying a first plurality of
markers in %lai d Tlepsystead of eagea;50 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 52.  The system of claim 50 wherein no yaw movement is determined if the result

is within a tolerance range.

53. 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;
arranging said first plurality of markers in a first shape;
determining a first plurality of command identifiers from said first
shape; and
20 translating said first plurality of command identifiers into command

signals.

54. The method of claim 53 further comprising:
transmitting said captured image from a camera communicably connected to

25  said processing device.



arranging said first plurality of markers in a first shape; determ ning a
first plurality of command identifiers fromsaid first shape; and
transl at iwgQ 28siidogosr st plurality of command identifi ersPCmiScG2esmnwad
signals. 54. The nethod of claim53 further conprising: transmtting said
captured image froma canera conmuni ggbly connected to said processing

devi ce.55. The nethod of claim53 further conprising: transmtting said
command signals to a second application. 56. The nethod of claim53 wherein
said step of identifying markers conprises: detecting a plurality of blobs

in said Ca?%%rEd?hgﬂgﬁﬁﬂcﬁ@%ﬁﬁ%§ﬁ%@@ﬂQBﬂRﬁ%ﬁ%€s for each of said plurality

of bl obs; ntifyrng eac sai Irst™p ality of markers fromsaid
properties of sajd bhl.ob:; determ nin erties of,.each of said plurality
of markers; and émlﬁﬁlgﬁﬁcfoma&d qugraosﬁg?rﬁ aé’é)h?%lron‘each of said
plurality of markers. 57. The nethod of claim56 wherein said instructions
to calculate said properties for each of said plurality of blobs conprise:
determ ning a conpactness of each of said plurality of blobs wherein
corfpact ness5¢.s aThemsthod offclaim (53 tWheeeinisaid sirpeofidaniidsing mapkais edmpysest pi xel s
in said blob.

detecting a plurality of blobs in said captured images;

calculating properties for each of said plurality of blobs;

identifying each of said first plurality of markers from said properties of said

blob;
10 determining properties of each of said plurality of markers; and

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

57.  The method of claim 56 wherein said instructions to calculate said properties
for each of said plurality of blobs comprise:
15 determining a compactness of each of said plurality of blobs wherein

compactness is a measure of relative distance between a plurality of pixels in said blob.

58.  The method of claim 57 wherein step of calculating said properties for each
of said plurality of blobs comprises:
20 determining an area of each of said plurality of blobs; and

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

59. The method of claim 56 wherein said step of determining properties for each

of said plurality of markers comprises:



58. The nethod of claimb57 wherein step of calculating said properties for
each of said plurality of blobs conprises: determ ning an area of each of
sai d pl uraDi2o1/0568951 obs; and determ ning a perineter neasuserestooaRl each of
said plurality of blobs. 59. The nethod of claim56 wherein said step of
determ ning properties for each of saod plurality of markers
conprises:calculating a centroid for each of said plurality of markers
wherein said centcﬁbllgtm&cﬂ gendrpidy forepachcef sgid gilvdatity afidnakdre rltzrpeinadaid
position in said captured i nage. 60. The nethod of claim59 wherein said
shape icagtaid eshales avstticahpositiorsaidd Ipkrizoatal positidn iiREkideiapuréd @agend one of
said plurality of markers, and a third one of said plurality of markers and
said step of determning a plurality of command identifiers fromsaid shape
conprises: determ ning whether each of said first, second and third ones of

sai d plural by oftnsliaRoa'd? kil s eR Gla MR SSabl SRy chedkuned

i mge; and providing a previous set of comrand’l déntl
not - al -S| LSt and thi.rd..ones of said plurality of parkers
bei Bg. PRIt UdnikBn SBSRNPs B PatgyLotRL S e cinde dhii sod el n s
shape iﬁlcll;l L{de a Li rst .ong of sgi d plurality of markers, a second one of
sai d pPU¥Fdf Y["?%ﬂf SharARg said stepy of detgimigingrre PRYalyiod command identiffernfiorer s and
said instructions to determne a plurality of command identifiers from said
shape é@ﬂﬁhﬁ@é?@ﬁﬁsﬁucti ons for directing said processing unit to:
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

10 providing 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.

61.  The method of claim 59 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
15 plurality of markers and said instructions to determine a plurality of command identifiers
from said shape comprise:
instructions for directing said processing unit to:
determine horizontal movement of said shape, and
store said horizontal movement.

20

62.  The method of claim 61 wherein said step for determining said horizontal

movement comprises:

determining an average horizontal position of said first, second and third

ones of said plurality of markers; and



determ ne horizontal novenent of said shape, and store said horizontal
novenent. 62. The nethod of claim6 1 wherein said step for determ ning
sai d horiwormsalosngsenent conpri ses: determ ning an aver &ge/Sleodsnon2al
position of said first, second and third ones of said plurality of markers;
andconpari ng said average horizontal 4qiosition to a previ ous average

hori zontal position of said first, second, and third ones of said plurality
of markers det er SPHRAING paid ayerage borizanted gesitios to BrEeviethodrage Inirabnab9
wherein said shape includes a first one of said plurality of markers, a
second pesitiondf sad dirgt, secanilf yndthindeores 0§ saidnslumlithof thadkes Otemahed Rrugal ity
of markers and said step of determning a plurality of command identifiers
from sareli@Bamegeonpri se: determ ning vertical novenent of said shape, and
storing said vertical novenent. 64. The method of claim®63 wherein said
step for determning said vertical novenent conprises: determ ning an
average vertical position of said first, second and third ones of said

plusality ofzmar 0 r sai.d e vertical positign to a
previ ous aver ageif@érﬁ??tgg 030@?& g%q"é er%lgl S&“f?ﬁ%‘e @’9 ‘QEBH? m%rséldones of
said plp ql|%¥ mar ker s ter g
urality markers a secon one of sai plurahty 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:
determining vertical movement of said shape, and

10 storing said vertical movement.

64.  The method of claim 63 wherein said step for determining said vertical

movement comprises:
determining an average vertical position of said first, second and third ones
15 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 image.

20 65.  The method of claim 59 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:

determining zoom movement of said shape; and

25 storing said zoom movement.



previ ous i mage. 65. The nmethod of claim59 wherein said shape includes a
first one of said plurality of markers, a second one of said plurality of
mar ker s, woQow/ashgosd one of said plurality of nmarkers amdTssizahsgoept f or
determining a plurality of command identifiers fromsaid shape conpri ses:
determ ni ng zoom novenent of said shgpe;, and storing said zoom novenent. 66.
The met hod of claim65 wherein said step of determ ning said zoom novenent
conprise: determning an area of said shape defined by said first, second
and third ones of said plurality of markers; and conparing said area of

sai d shape a egllxtﬁi re@aif SaiheNRRGid8ehNEH dRMerPRlifk fshidSkeoiecond,
and third oénégs o’?ﬁeg\zﬁ pl ural ?lty of ngr kers1 detegrm ned forlﬁiga Sprev?(())us

i mge._67. The net.hod of claimb59 wherein said shape includes a first one
of saﬂﬂ°8?ﬁ?ﬁf???“%% mar kers, a second one of said plurality of markers,

and a third one of said plurality. of mackersg.and. said step for. .determ ning
a plurality of c%ﬁ??ﬁﬂ’&‘ng&%ﬁf‘?afqtleg)f/"sd @?B?Tﬁ[i‘ls(fﬁ'ieabé’ﬁﬁ lfébﬁfa‘?ﬂﬂ’gé@&ﬁ& i ni ng
pitch novenent of said shape, and storing said pitch novenent. 68. The
nmetshodofgrideplugaliiyodt mgrkesi #ndsai d step for determ ning said pitch

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.

10 67. The method of claim 59 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:

determining pitch movement of said shape, and

15 storing said pitch movement.

68. The method of claim 67 wherein said step for determining said pitch
movement comprises:
determining an angle proximate said second one of said plurality of markers;
20 and
comparing said angle to a previous angle proximate said second one of said

plurality of markers determined for a previous image.

69.  The method of claim 59 wherein said shape includes a first one of said

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



novenent conprises: determ ning an angle proxi mate said second one of said
plurality of markers; and conparing said angle to a previous angle

pr oxi mat eveant/esessond one of said plurality of markers @ersScGaas®dosor a
previ ous i mage. 69. The method of claim59 wherein said shape includes a
first one of said plurality of narker? a second one of said plurality of
mar kers, and a third one of saidplurality of markers and said step for

det er mpiRidMdly af Bia!r'l(éi‘é b/ sB8 sﬁ:@ YoRBetehBiRMtg 4 pREAI) 0 CbHniadd S0&RE PPN Ses:
determning roll novenent of said shape; and storing said roll novenent.

70. Thg:ieihad, énggaln169 wherein said step for determ ning said rol
m)verrent corpri s determ ning a change in vertical position of said first

and third ones of, sai.d. p d conparing said change
vertical p05|t|oﬂafgmﬁuﬁfggPgﬂgxgﬁé%ﬁ%“¥§m9%59?cal position of said first
and third ones of said ality of markers determ ned for a previous
i mage. 71. The n'étPHB&S"BE ‘Eﬁ 1égn"v\,herel n said shape includes a first one
of said plurality of markers, a second one of said plurality of markers,
anc® a third one of said plurality of markers and said step for deternining
a plurality of command identifiers from

70.  The method of claim 69 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.

71. The method of claim 59 wherein said shape includes a first one of said
15  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 yaw movement of said shape; and
storing said pitch movement.
20
72.  The method of claim 71 wherein said instructions for determining said yaw
movement comprises:
determining an angle proximate said first one of said plurality of markers;

and



sai d shape conprises: determ ning yaw novenent of said shape; and storing
said pitch novenent. 72. The nethod of claim7 1 wherein said instructions
for deterwDnorgssssd yaw novenent conprises: determ ni n@CarsGaongloeo4ar oxi mat e
said first one of said plurality of markers; andconparing said angle to a
previ ous angle proxi mate said flrst gj%e of said plurality of markers
determ ned for a previous |mage he net hod of claim53 wherein said

captured image iggh &&gﬁ@kd Eé)rext'loﬁg DS p aimﬁhwseaid tﬂrsPBnéTBflsﬁﬂS
wherein each of sal ura Ity of dgroups ormone of a plurality shapes

wher ei al i aid first shape, said plurality
of groﬂﬁ??iyn%fm%rﬁ{egs &ey"?ﬁr%egpg‘gﬁ eb{&%%ﬂgggesnnr kers, and said nethod further
conprises: identifying each of said pI urality of markers; arranging said
plurality of markers into said plurality of groups of markers each defining
one of sai d lurality of shapes; determining a plurality of commnd

i dentifi ers’¥or thenetodef daim $%/Whﬁfe§hﬁfﬁb§apt‘§ﬁ IPRSEIEF &@?Sn?g régehtydtt sai d
plurality of identifier for each of said plurality of shapes into conmmand
si gnal grougstof Phealityt b thadderss whireiy 8adhuof Iseid plorality of rggoups 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, and said method further comprises:

identifying each of said plurality of markers;

arranging said plurality of markers into said plurality of groups of markers

10  each defining one of said plurality of shapes;

determining a plurality of command identifiers for each of plurality of
shapes, and

translating each of said plurality of identifier for each of said plurality of

shapes into command signals.

15
74.  The method of claim 73 further comprising:
transmitting said command signals to a second application.
75.  The system of claim 73 wherein step for identifying markers comprises:
20 detecting a plurality of blobs in said captured images;

calculating properties for each of said plurality of blobs;
identifying each of said plurality of markers from said properties of each of

said blobs;

determining properties of each of said plurality of markers;



transmtting said command signals to a second application. 75. The system
of claim73 wherein step for identifying markers conprises:. detecting a

pl ural it ywofzotaoshe9si n sai d captured i nages; cal cul ati ngPprsEeeasioesi2f or each
of said plurality of blobs; identifying each of said plurality of markers
fromsaid properties of each of said,plobs; determning properties of each
of said plurality of markers;grouping said plurality of markers into said

plurality of groygspiaf s dﬁaf&tfaphlatmmﬂté ¥hidoplaRatPbt gﬁjugs Rif uikéky of
shapes; and storing said term ned propertles for each of "said plurality

of mar 4 erein said step calculatlng sai d

proper%%gléidefm&eg;r&ﬁ @&i}?ﬁé{g&ﬁl bl obs corrpri ses: neasuring

conpact ness of each of t bs rein. co ness is the

proxinmty of all ?ﬂaﬁﬁ%fa IBV%Hm?g%Sﬁ‘”§ﬁ§%ﬂ%$“ BHHMW%gﬁﬁﬁﬁﬁﬁh of claim

75 wherein said step for determning properties for each of said plurality
of markers conprises: calculating a centroid for each of said plurality of
mar kers wherein said centroid includes a vertical position and a horizontal
posi tion inf6ai dllzaptethaddof nlaipe.7578herghesai@strpdcaléulating paid Propesties forsai d

step for determning said plurality of command identifiers conprises:
det er ng¢agh bsaid pruedlity ioflBlvbk compasdsor each of said plurality of shapes;

measuring compactness of each of said plurality of blobs wherein

compactness is the proximity of all pixels in a blob to one another.

10 77.  The method of claim 75 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.

15 78.  The method of claim 77 wherein said step for determining said plurality of
command identifiers comprises:
determining command identifiers for each of said plurality of shapes;
storing 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

20 command identifiers.

79.  The system of claim 77 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 step determining a plurality of

25  command identifiers from said shape comprises:



storing each of said plurality of groups representing each of said
plurality of shapes as prior shapes from previous inmage in response to

det er mi niwgQ 208dogsbural ity of command identifiers. 79. Pha/Sspamsenedi claim
77 wherein said each of said plurality of groups of shape includes a first
one of said plurality of markers, a ggcond one of said plurality of
markers, and a third one of said plurality of markers and said step

determ ning a plg@ihigihetimeREof sdrIfidst, kedohdfah@ MhifPbibs D asa ﬁ)_lurality
conpri ses: det erm ni ng et her each of said first, second and third ones of

said p i i i G r: } - ar Lkih an
rea off liieislofd pHRLHEE Brft ApRAHHNE A8 Bl Al ok RERAL WM G Lol O
command identifiers for said shape in response to not all of said first,
second™35®%hi rd ones of said plurality of markers of said particul ar
group being within said area of interest. .80.. The_ nethod of, claim 77
wherein each of RAVHIRG HPHEVIQW sgfolsopumandidgtdicshior sy éﬂél?’Fa‘Bée%PHE?%tﬂes a
first one of said plurality of markers, a second one of said plurality of
marker 8ot alhef said firstdsepead.ofndstiind qyles od|spidyplyrality ok araskesn @f saidpastiaparof
determining a plurality of command identifiers fromsaid shape conpri ses:
det er ngroup yeingwithimsad areawdimgatestof sai d shape; and storing said horizontal
novenent. 81. The nethod of claim 80 wherein said step for determ ning said
hori zontal novenment conpri ses:

80.  The method of claim 77 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 step of determining a plurality
of command identifiers from said shape comprises:
determining horizontal movement of said shape; and

storing said horizontal movement.

15 81.  The method of claim 80 wherein said step for determining said horizontal
movement comprises:
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
20  position of said first, second, and third ones of said plurality of markers determined for a

previous image.

82.  The method of claim 81 wherein said step comparing said average horizontal

position comprises:



determ ning an average horizontal position of said first, second and third
ones of said plurality of markers; and conparing said average horizontal
posi ti on WO 2a1005e8950us aver age horizontal position of sa&icu/SGzemstopoecond,
and third ones of said plurality of markers determ ned for a previous
image. 82. The nmethod of claim8 1 wperein said step conparing said average
hori zontal position conprises:subtracting said previous horizontal average

from sai d aver aggnhastoMialpreasnd hevizoand WeRipei flom fARDatdrygs RuRmital
i ndi cates |l eft novement” and a positive nunber indicates right novenent. 83.

The rﬁ&gﬂiﬂo&@hﬂzﬁé@rﬁge@gsﬁ@ ﬁmﬂeerhmgica@@t@ﬁ mgrg&ﬁg%n% lsdagﬁ&tgr?enﬁ 6 [ f the

resu I'swthin a nce range. 384. The neth ein each

of said.pluraljty of groups representing a shape includes a first one of
said ﬁPﬂEﬁ%@Fﬁhﬂ¥°Wﬁ?§gTs, a second one of said plurality of markers, and a

third one of said plurality of markers and said nethod for determning a
plurality of command identifiers fromsaid shape conprises: determ ning
vertical novenent of said shape; and storing said vertical nmovenent. 85.
Thé et hod 83 WQleanathed ofiislaini §2 $apwin pe horigenteaneyemertig dsigrmaingd if theal
novenent conprises: determ ning an average vertical position of said first,
secondreauidistwiithial adslemnce range.

84.  The method of claim 77 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 method for determining a
plurality of command identifiers from said shape comprises:
determining vertical movement of said shape; and

storing said vertical movement.

15 85.  The method of claim 84 wherein said step for determining said vertical
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
20  position of said first, second, and third ones of said plurality of markers determined for a

previous image.

86.  The method of claim 85 wherein said step for determining said vertical

movement comprises:



of said plurality of markers; and conparing said average vertical position
to a previous average vertical position of said first, second, and third
ones of swpaoplososlity of markers determ ned for a previPOuSG2om®@e04286. The
met hod of claim85 wherein said step for determ ning said vertical novenent
conprises:determ ning an average vertjgcal position of said first, second
and third ones of said plurality of markers, and conparing said average
vertical positi onletebmiifg evbocraga vetiagepostiohi cfahidoBst, tdebdhdodndsthird dnks St
second, and third ones of said plurality of markers determ ned for a

previ oWg shilplfalit 6f meneersbhiod of claim 86 wherein said step for conparing
sai d average horizontal position conprises: subtracting said previous

vertical aver age dnamagl deesge WALLL 8LBohLL caNs WERELN Brgpot ve

nunber indicates novene a positive war d

novenent ....88. -Th t hod of clai.m 87 erein no vertical venent is
det er ni? ﬁ%lggflfo fls?‘llg tﬂgts 3?%On|8’sa‘?7d ﬁWiaror}fSto 13 @aﬂB@ﬁFyaﬂ El.a%??'gs. H%ﬁ’émﬁﬁ‘ﬁ EIP of
claim 77 wherein each of said plurality of groups representing one of said
pl uPal PES YIS 1@8pes 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

87.  The method of claim 86 wherein said step for comparing said average

horizontal position comprises:
subtracting said previous vertical average from said average vertical position

10 and wherein a negative number indicates downward movement and a positive number

indicates upward movement.

88. The method of claim 87 wherein no vertical movement is determined if the

result is within a tolerance range.

15
89.  The method of claim 77 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 step for
determining a plurality of command identifiers from said shape comprise:
20 determining zoom movement of said shape, and

storing said zoom movement.

90.  The method of claim 89 wherein said step for determining said zoom

movement comprises:



determining a plurality of command identifiers from said shape conprise:
determ ni ng zoom novenent of said shape, and storing said zoom novenent.

90. The meOhlot/mB3H896] ai m 89 wherein said step for deter mpaiTsg2emiodos200m
novenent conprises:determ ning an area of said shape defined by said first,
second and third ones of said plurali4gy of markers, and conparing said area
of said shape to a previous area of said shape defl ned by said first,
second, and t hi r dictprainieg angted opbaid shapeydefihedrby kaid dirsteseeond aebithirdronas
previous image. 91. The nmethod of claim90 wherein said step for conparing
sai d awoéasd pbmplity o snarlsuytandict i ng sai d previous area fromsaid area and
wherein a negative nunber indicates zoomout and a positive nunber

i ndi cates zoom i RomParingl§ed bRk PG Faibshaieab M ReviodGEL! staﬁ'(‘P sl%a%g %HR%@S;’E Is

determned if the result is within a tol erance range e et

clai m ¢hidvete, SclorRAGhd Wird 8heh BE Wif!dlohiiff of urérﬁmtegt%?% one of said

plurality of shapes includes a first one-of sal mBFREPY, a

secgnd rHE{e of said plurality of markers, and a thlrd one of said plurality
rK and said step for determining a plurality of conmand identifiers

from sai d shape conprises: determ ning pitch novenent of said shape; and

91. The method of claim 90 wherein said step for comparing said areas

comprises:

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

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

92. The method of claim 91 wherein no zoom movement is determined if the

result is within a tolerance range.

15
93.  The method of claim 77 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 step for
determining a plurality of command identifiers from said shape comprises:
20

determining pitch movement of said shape; and

storing said pitch movement.

94.  The method of claim 93 wherein said step for determining said pitch

25 movement comprises:



storing said pitch novenent. 94. The nethod of claim 93 wherein said step
for determning said pitch novenent conprises:determning an angle

pr oxi mat eveant/esesdond one of said plurality of markers; pam$Geanspasrszng sai d
angle to a previous angle proximate said second one of said plurality of
mar kers determined for a previous inegge. 95. The nethod of claim 94 wherein
said step for conparing said average horizontal position conprises

i nstructions for dstesminaes mangeproxpnetgissidseenyl eepfsaidmivmliyasfnakennd one
of said plurality of markers from said angl e proxi mte said second one of
said phodality of markers wherein a result greater than zero indicates
pitch and said step for determning said pitch further conprises:

subtracting a pr ey uﬁnggma@glewhq)r&@&g%gg;ﬁosaﬁna%@&ﬂdF%ee&ﬁi é\x/}]é'of)gaidmr kers

froman area of said second one of "said plu ty of markers ereln a

nunber 4j Fadi . ni.tch-up and a negative nunber
Fhﬁalﬁ&%h?agkér@ @&eﬁl’ﬁﬁ%gd?q F Ogésolgﬂa%ﬁ p 9

i ndi cates pitch-down. 96. t aim 95 wherein no pitch novenent

is determned if the result is within a tolerance range. 97. The nethod of

clarm 77 wherein each of said plurality of groups of markers representing

one of said. pluralit f shapes includes a first one of said plurality of
SBeond tsribeBpd

mar ker s, ton i elajgn fq miherein saidaptrp fer canwaring (saidd averegof sai d
plurality of markers and said step for determining a plurality of conmand
i dent i hp@@tql,p@ﬁa,tlggicgmgﬁgggensjmqpomss’@s 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
10 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.

15 96.  The method of claim 95 wherein no pitch movement is determined if the

result is within a tolerance range.

97.  The method of claim 77 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,
20 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.



determ ning roll novenent of said shape; and storing said roll novenent. 98.
The nmethod of claim97 wherein said step for determning said roll novenent
conpri seswodetoarsnsdni ng a change in vertical position of peaisd26asroge42and
third ones of said plurality of markers; and conparing said change vertica
position to a previous change in vertdical position of said first and third
ones of said plurality of markers determ ned for a previous imge. 99. The
met hod of cP8i m ddewrethedn of glaims 98 whereir gajshastepg faradeterngintrigs abidpedl t i ons
of said first and third ones of said plurality of markers conpri ses:

subt r agtavegestéadnpisesi ous change vertical position fromsaid change in
vertical position and wherein a negative nunber indicates a left roll

moverent and a_pdsietiininguleheigeliflVeARGPpostiaOr & birdTRUERER] ondOfF salle
nmet hod of claim99 wherein no roll novenent is determned If the result is

W t hi Nphirdl}ty OF Alers;ange. 101. The method of claim 77 wherein each of said
plurality of groups of markers representing one of said plurality of shapes

i nciudes a first j d rality,of markers, a.secqond one of_ said

pl ué ality of mar ﬁg@gaﬂﬁgﬁg t"ﬁ%ﬂ Yaenég%fp"éléﬁ"&k‘ﬁ}laui’aﬁvf‘i‘v Denge, i 3FRicahd sai d
step fQr.. m. Al a.plurality.of c nd identifiers fromsaid shape
conpri § e%&&%gf %arl%fﬁfqrﬁ?d le B Hesaid quqggycpfgﬁagbg:s dgtegmined for a previous

image.

99.  The method of claim 98 wherein said step for comparing said vertical

10 positions of said first and third ones of said plurality of markers comprises:
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.

15 100.  The method of claim 99 wherein no roll movement is determined if the result

is within a tolerance range.

101.  The method of claim 77 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,
20 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 yaw movement of said shape; and

storing said pitch movement.



storing said pitch novenent.102. The nethod of claim 101 wherein said step
for determ ning said yaw novenent conprises: determ ning an angl e proxi nate
said firswoanw/shs9sai d plurality of markers; and conpar Pag/Ssaoms/oangle to a
previ ous angle proxinmate said first one of said plurality of markers
determined for a previous inmage. 103.52The met hod of claim 102 wherein if

sai d previ oqazang[l els reaft elr. t hﬁ()n said angle a yaw right is determ ned
and if said previ dus™&NgH el §4mes Ol pdreini didantgpefon Jeterminig s8d yaw
determ ned. 104. The method of claim 103 wherein no yaw novenent is

det er &G OHPISES LIt is within a tol erance range.

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

and

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

plurality of markers determined for a previous image.

103.  The method of claim 102 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

10  is determined.

104.  The method of claim 103 wherein no yaw movement is determined if the

result is within a tolerance range.



