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A wig is a manufactured head covering that is worn to alter ones appearance. Wigs are

worn by men and women alike and are employed in a number of different applications. From a
15 historical context, aristocrats, royalty, and high-ranking officials have traditionally worn wigs to
symbolize status in society. Today, wigs are more often worn to disguise the thinning or loss of
hair. For example, cancer patients often employ wigs to cover hair loss resulting from
chemotherapy treatment. Wigs also find use in an entertainment context to alter the appearance
of actors and performers. In general, the uses and applications of wigs are as varied as the

20 different styles and configurations available.

Wig construction generally begins with a foundation or cap to which real or synthetic hair
is attached. Hereafter, the term cap, wig cap, and foundation may be used interchangeably to
generally refer to the base or support structure for a wig. The characteristics of the cap, such as

25  size, shape, composition, etc. may vary depending upon the particular application. For example,
wig caps may be hand or machine made and comprised of a fine mesh net or monofilament
material. In one embodiment, the cap is comprised of a translucent monofilament material that,
when worn, allows the natural skin color of the scalp to show through. In addition, other
materials, such as Dermafix may be added to the cap, which when heated by body temperature

30  helps adhere the cap to the scalp.



when worn, allows the natural skin color of the scalp to show through. In
addition, other materials, such as Dermafi x may be added to the cap, which
when heatwd 2bys/daasiy t enper at ure hel ps adhere the cap topcharss@alopssier si npl e
terms, wigs are constructed by attaching hair to the cap. The hair nmay be
sel ectively at tmshptt tefins RegsCap comtridédChy httwehing@sls tothetdap dhe huis efiay . J. ,
cover thinning or balding areas, deliver desired entertai nnment effect, etc.
Hai r char aseleetivieBtattached sithé capIo irich hiecheedjloditticteyid uehleqy, coled Highding @ttaldingay
vary dependi ng upon the particular application or construction techni que of
the wi g. Moeagodediver debiedhaniteartaimmgntbeffect)pior | Bad clafacteristivg, duah bs texyund, y@hlitg,
fibers, or animal hair. There are generally three types of wigs that are
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machi ne made and are not necessarily designed for a specific person or
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unfortunately usually conmes at a substantial sacrifice in the appearance
and quality of the wig. Mreover, because stock wigs are made with little
or no input fromthe ultinmate user, these wigs are often recogni zabl e when
worn. | n one eXherphne generallylthred ypesaxf @igs oims are aedileble, sgickh gemi-asteim gndasthinne t o
attach hair to a "weft", which is a long string. Once the hair is sewn to
the weft, madejwigst [Seaek whigsmpewsualtyonarting mddednd acsretingcesserily designed Bemispesifist om
and custom w gs are capable of providing a nore natural | ook when worn.
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i nterchangeably to refer to wigs that are constructed with a particular
appl i cHx i owuallysemes)aton pubsientighsacsifice inntheriappgaraiiet dnd cuality wf Wiegwig. tMereeep and
various characteristics of the hair used to construct the wig, such as

pl acement ,beeaybostockiveigs e anad¢ withydikle asme inprrafyorh checulgmaserizsen dhase wigstaschofien
particul ar application or person. Unfortunately, wig construction is a

t edi ous, trpqeEnigabiswirdP. | atvoe example, sipek wighare gensiredted using a sewing machine to

attach hair to a “weft”, which is a long string. Once the hair is sewn to the weft, it is then
wrapped around and attached to the cap.
15
Semi-custom and custom wigs are capable of providing a more natural look when worn.
Hereafter, reference to semi-custom and custom wigs may be used interchangeably to refer to
wigs that are constructed with a particular application, user group, or person in mind. With
custom wigs, the cap and various characteristics of the hair used to construct the wig, such as
20 placement, color, texture, length, etc. may be customized to match a particular application or

person.

Unfortunately, wig construction is a tedious, time consuming, laborious, and consequently
expensive process. This is especially true for custom wig construction. For example, when
25  constructing a custom wig, the cap is usually custom fit to a particular individual’s scalp. This

frequently involves measuring the individual’s scalp and head and matching the ends of the cap
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accept ancdesired €oiti Hedsmetioidpoint €@ chy may bacbhifizggreas coventhd ésdividwhl’s entirtt i ons
on the cap. Hair is attached to the cap using a manual |abor-intensive
one- bysonecay.ocess. Wg nmakers refer to this process as ventilating a w g.
Usi ng a needl e, each individual hair is fed through the cap, wapped around
itself, and fed back through the cap in a knot tying fashion. The process
enployed is simlar to the 'latch hook' technique used for tying a rug. A
typi cal wi g ma@ndeetheispecifidagonsraictbe Sap apephed ined watnof3acefiihcantie 40ig080
times. Moreover, the manual process used for tying a wig generally takes
bet ween 40omtracté@ilbyhatactsng lairao Mislired Beatidhaon the cape dkdis ttechef tortle, cap isiag gy st em
and nethod for reducing the repetitive manual steps used during w g

const r uct inanual Téber-nteasied bna-byvaetpraessi SWij malctrsexdtfer o duseprocass agyentlating al east
reduci ng the effects of, one or nore of the problens set forth above.
SUWARY Ofvig HEsihg\WEéddlleObdcH Ingiviidwakeliiri ip fed ofirowghehpeaps erappadi aswind stegife andhis udes
met hods for constructing wigs wherein an at |east one effector attached to
a robot i ¢ bagkrthofighethe cipan a kot tyiney flashdome Thp proréssremployed insimiley te thy; latgh doakie
effector is then operated to fixedly attach an at |east one hair to the wig
cap. technique used for tying a rug. A typical wig may require the process repeated between 30,000

and 40,000 times. Moreover, the manual process used for tying a Qig generally takes between 40
and 60 hours to complete.
15
What is needed therefore, is a system and method for reducing the repetitive manual steps
used during wig construction. The present invention is directed to overcoming, or at least
reducing the effects of, one or more of the problems set forth above.
SUMMARY OF THE INVENTION
20 The invention of the present disclosure includes methods for constructing wigs wherein

an at least one effector attached to a robotic arm of a robot is positioned proximate to a wig cap;

and the effector is then operated to fixedly attach an at least one hair to the wig cap.

25 Certain other embodiments of the present invention include a method for constructing a
wig wherein the three-dimensional position of a wig cap with respect to an at least one effector

attached to a robotic arm of a robot is localized and registered with the controller of the robot



Certain other enbodi nents of the present invention ingclude a nmethod for
.constructing a wig wherein the three-di nensi onal posi on of a wig cap with
respect twoanocals7d4east one effector attached to a robot ipcTarsmosfoszsss obot is
| ocal i zed and registered with the controller of the robotfoll owed by the
control | efoleRed B thé EorltroRer@pér@fiig@ie dfRctbetb rét@e thchleast ohetagifroanehdiai r from a
hair staging area and then fixedly attaching the at |east one hair

retri evedsthgingarkdhahdigdnlfixsdlR ataoBin@he at [bMt éhelhoie Bdidieved o tHethalvs@gibamespeci fi ed
by a controller of the robot. Still another enbodi ment of the present

i nvent i onaidzatnroatiiodig sy speafici byuchbhtglePofthegobdiat i ncl udes: registering the
t hr ee-di nensional position of a wig cap with respect to an at | east one
effector attached to a robotic armof a robot with a controller of the
robot; co-localizing at | east one fiduciary nmarker affixed to a nodel with
posi ti 6ns on t$idl anbhercmibpdiaieatrodthepeesén tnverdtioe st aomethal fordonstanengat wigelzst one
hair froma hair staging area; and operating the effector to fixedly attach
t he at | eastuden eedisiéring tletthreediadndisrahpdsition bfd wigshagitingsmecteta ab at leas{t @eat i on on
the wig cap in a position specified by its proximty to the co-l|ocalized
posi ti on effectdrettached toastbodaanf afduchionwith aeenueler oBRE ErboDEGEREETHg@NI@F THE

FI GURES Figure 1 represents a visual depiction of one enbodi nent of w g
const r uct bonfidueiatyodske affixké toprmesiehwitleysitionsedn thewig OEE Ap¢rEDgDEIOREPTIOON OF
SPECI FI C EMBODI MENTS Robots are currently used in a nunber of different

i ndust ri esettieye autshatedaiv fmmalhsir ptagiog sis® snd dpertinp the efféctatitd foedbrattachubepl i er s,
such as ABB Inc., KUKA Robot G oup, CTA Automation Technol ogy, Fanuc

Robot il0s, adtast gnedihi extricvediirae thedial stagifig arebotadoateh agbowigaay inrsgposition r ol
technol ogy. Oten, robots are integrated with manufacturing processes to
renove or sgkifieil batteprotimity eetie ¢oslocdhiaereposition ef theat tdastrone fiducianemarier.
environnment, robots ordinarily increase the speed of the manufacturing

process and reduce the manufacturing costs (e.g., l|abor costs) of a
BRIEF DESCRIPTION OF THE FIGURES

15 Figure 1 represents a visual depiction of one embodiment of wig construction methods of

the present application.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

20
Robots are currently used in a number of different industries to automate various

processes. A number of different suppliers, such as ABB Inc., KUKA Robot Group, CTA
Automation Technology, Fanuc Robotics, etc., offer a wide range of robots and accompanying
control technology. Often, robots are integrated with manufacturing processes to removerr
25 eliminate the need for human intervention. In such an environment, robots ordinarily increase the
speed of the manufacturing process and reduce the manufacturing costs (e.g., labor costs) of a
finished product. With the present invention, a robot may be configured and employed to reduce

or eliminate the repetitive manual processes typically associated with wig construction.



finished product. Wth the present invention, a robot_my be configured and
.enpl oyed to reduce or elimnate the repetitive nmanua rocesses typically
associ at estlowadn4vdsg constructi on. Robots are provi ded I npraTusosn3safic
different configurations. For exanple, robots may be provided with one or

more robotic arsBots AEHHARIGRR ndthbd 6P aTEBcRt coRfiEh Blons) LHAE ExalpRERLOE may be
peripherals. In nost applications, a robot uses at |east one robotic arm

that is copfvidedrwith Whd br aRorefrbgsit Odrmat mesHaridal ddttabiimenBA and@odbhbAkypeeidrof the
robotic armto performa desired task or function. For exanple, printed
Circuit boaigheriRN U MG UPIRICHiIONS D rbKP QLeS at18aét A1 rblVHO kintthat iFBorfiglildd &ith@st or S
for picking and pl aci ng sem conductor chips on printed circuit boards. In
thi s caseeffédi® a@hdhe€ bVt nkd alilistdlehd/ o Bh& t6BbticOAMITE pErdotinS dekibaltask Sor Gidtieaidtl. € of
grasping and releasing a chip. The present invention is not limted to any
parti cyl aFor &@BpleOpritedditcGi badrd SanufRiree use bt hineligyrobdtictrig itk REfest@bOt S
are configurable wth an appropriate anount of intelligence and arm contr ol
capabi | i t Yortpitkin@ A€ ladifig @hiidbhdioe clifon fipet iciréuittbonrds Uia lthip a6, eisessactor is
associated wth wig construction. One such robot configuration is taught,
for exanphesally B sddtién mB¥hbcisth tHaOis c4pabl8 of grddpirighed mieatisgd chipf whi ch are her eby
i ncorporated by reference as if set forth inits entirety. Wth the present
invention, a robot 1, as shown in Figure 1, is configured so that it may
interact with a wig cap 2 in a controlled manner to selectively and

preci sel y pl acahégiesent inveleion rinbt lliodtad icoany. patticulenmbot] dresfigatative 8athedenent ,
~a cap 2 is placed in known three-di nensi onal space with respect to a robot
1. Thase skidty efidifferehthrebas sre wbifigumplervathi at apptopadte amountrbf mtedligenkief 4nd rgnt
video or other registration techniques nay be used to orient the robot

and/ or oneomrol rayabilityototeiwe aur rimwwiatehthe epptitoe hauslh@owsses afosiatek aithlveg a cap
hol der 3, such as a stand or other suitable structure, may be positioned
and conf i gowsgdction. Kinesuthirdhoeesndigwratimi ip raghtsfoneamplet in U.8sRatant No.od,$8%¢/4p obot
1. By placing the cap 2 upon the cap holder 3, the cap 2 becones oriented

i n space whetdonterts peliictt ave hdrebyrimdoqorated by reference as if set forth in its entirety.

15 With the present invention, a robot 1, as shown in Figure 1, is configured so that it may
interact with a wig cap 2 in a controlled manner to selectively and precisely place hair in desired
locations. In one illustrative embodiment, a cap 2 is placed in known three-dimensional space
with respect to a robot 1. Those skilled in the art will appreciate that a number of different video
or other registration techniques may be used to orient the robot and/or one or more robotic arms

20  with respect to the cap. For example, a cap holder 3, such as a stand or other suitable structure,
may be positioned and configured in known three-dimensional space with respect to the robot 1.
By placing the cap 2 upon the cap holder 3, the cap 2 becomes oriented in space with respect to

the robot 1.

25 Depending upon the particular application, a universal connector 4 or similar device may

be configured to be cooperatively operable with the robot 1. The universal connector 4 simplifies



Dependi ng upon the particular application, a univers connector 4 or
.simlar device may be configured to be cooperatively erable with the
robot 1. wbeoessnisvmpesal connector 4 sinplifiesorienting acpluseasiosgsqef
different cap holders 3 in three-dinensional space with respect to the

robot 1. GRéntia¥ APHslty SRRt tHEhdMY Rlid weeocnmaﬁmnmoép&%rm@re@pae Rethe

attached to the universal connector 4 and pre-oriented in three-dinensional

space W t boboE3P®6f edafhpleBach Qb@fe pluraﬁt? of bépshﬁ’d%?srm hfdy bk ARacRédfoathé ti¥iv&Eal Cap
hol ders 3 may vary in size, shape, and a cap holder 3 that best

mat ches t bennsétéies andl petiRiefe®fin ﬁardéﬂfuhérﬁiéha'ﬂlrspﬁ&ﬂmal FERpectoR ekt @d. Inlthis
pre-oriented, a particular cap holder 3 nay be selected, attached to the

uni ver sal e£iphs; elePlurdlity 8NéhpihbRier BQkay/afy ih 672€, 3hdpeet€ Qinll by RAldR 1 thRGad | ed
using the robot's control system Cenerally speaklng, t he uni versal

connector nftcHethd 8z skPY bLLpartilac &dp, 2 BHf Bewale@ted) If Pletotieed; aPhigilaiBap
attachnment that assists the repeated placenent of the cap holders 3 in

subst ant i abldsr $ ReaySksTEelqetd] httaohedWot the @EBRSIt cofiecton e, rad s sloredAoigtfdtionm cap
hol der 3 may al so be used with the present invention. In one illustrative

enbodi mentonfixufatisd @allcdPusip! the rrobot¥Bdonid6l §%teML C Senerallgnipaaksnpa hed finiéreal end
user's head and/or scal p. The data collected during the scan nay be used to

cust om ze cédhectehi 4BEE bOAS, desidé holde Bsftvatd@rwitdas pofaimi sthdhaenihatasdapthbol der
3. It should be appreciated that a nunber of different scan techni ques may

be used t gepestd platenichi & tHatsp. hdldees 3 iCfubktatany eHecsans pddsar whieekspdcoto taxanpl e,
in US Patent No. 6,585,746. In this exanple, a video systemis used with
one oriomokgbocBMeras to map | ocations of interest. A range finder may al so
be enpl oyed for neasuring distance. The data coll ected during the scan may
i nclude the shape and di nensions of the end users head and scal p, | ocations
of thinning hair, hairline details, hair color, density, coarseness, or
st ereovi si on nAayuden wsehold® 3rregodist teustd itk tiehaysentamentonreln Dne fifiswdtive he
head in virtual space. This data nay then be processed and used to
f abri cat e embadimémma aapmhap delder3 mipbepudiced fiemaiskdn dfeheckmd asdrtyddad and/or
scalp. The data collected during the scan may be used to customize the dimensions, shape, and
15  other characteristics of a cap holder 3. It should be appreciated that a number of different scan
techniques may be used to collect this data. One such technique is described, for example, in
U.S. Patent No. 6,585,746. In this example, a video system is used with one or more cameras to
map locations of interest. A range finder may also be employed for measuring distance. The
data collected during the scan may include the shape and dimensions of the end users head and
20  scalp, locations of thinning hair, hairline details, hair color, density, coarseness, or stereovision -
may be used to reconstruct the shape and dimensions of the head in virtual space. This data may

then be processed and used to fabricate a custom cap holder 3. Moreover, as will be described

below, this data may also be used to customize the wig construction process.

25 The robot 1 may be operated and controlled using any number of different control

systems. In one illustrative embodiment, the robot 1 operates using a computerized control



bel ow, this data may al so be used to custom ze the wig construction
.process. The robot 1 may be operated and controlled ng any nunber of
di f f er entwoandgraabs4gsystens. In one illustrative enbodi nercr/ushesnsdans 1
operates using a conputerized control systemthat is cooperatively operable
with one gysiipthat a0BeRsdivelp op&atle Gith dfe 8 MdreQamerdé Bcasel oh hatardanglinteles, for
exanpl e, an effector 5 attached to a robotic arm7 of the robot 1. As wll
be descri bie€ idorRkdefor lehenpé, fag @ffedtors dfayhet B6 b tstotiakml 2asthe astot Of A3 WiDdk 6,
needl e, or any other mechani cal device useful for grasping individual or
groups of destibedatetow, the effedtdr] 3/ may tisodhlde ray 1¢ateoreastt a heokt fiencedip &. anlybotkowver ,
the effector 5 may include an array of nmechanical devices that are
aut omat i calechanical devich asefiddtl grasping imdivdget at growls\of dpie aabdobotically atallong thal | y
attaching hair to the cap 2. Using a nmulti-canera stereo, orthogonal, or
ot her d&onthhaigtr tht cqn?. Mosocathe effecsy Sintay indudeapabrhe ofahedi@tient devides that dre
position of an effector 5 in three-di nensional space with respect to a
speci fi c poomtticafly intrehagghblo mdecovpegativelp ogeratfofor esbatiqalle attackhing hr toltheumbr at i ve
enbodi ment, two canmeras nmay be attached near the distal end of a robotic
armof th&. robot 7, and the views of the two caneras configured to overlap
with the effector 5. If the locations of the two caneras are known with
respect to the position of the effector 5, the control systemis
confi gurabl e using conventional |ocalization techniques, such as
tri angul ati on, Usiog e ahwtHcahea slesospéiogalal, @r iothet atrfignratdn, threcafrblesystom 8 i n
t hr ee-di nensi onal space. I n another enbodi nent, a range finder 8 and a
caner d09 wepableef deteramingithe asitidnhd adieffectdr Sein thregt-dimensiinelt spacearith refpe¢thear obot
7, and the view of the canera 9 configured to overlap with the effector 5.
As descr i spdifgtywing of iifiteredi eon| Dwigt ¢apris  bér ¢xtampleamgenef iilustrativegenzhodimant teanera 9
are known with respect to the position of the effector 5, the control
syst em i s carogras may evitieched nerg thealiniad and ofabbdtio aan pLthe rabat 7. eahihe gigws of the
calculate the spatial orientation of the effector 5 in threedi nensi onal

two cameras configured to overlap with the effector 5. If the locations of the two cameras are

known with respect to the position of the effector 5, the control system is configurable using
15  conventional localization techniques, such as triangulation, to calculate the spatial orientation of

the effector 5 in three-dimensional space.

In another embodiment, a range finder 8 and a camera 9 may be attached near the distal
end of a robotic arm of the robot 7, and the view of the camera 9 configured to overlap with the -

20 effector 5. As described above, if the locations of the range finder 8 and the camera 9 are known
with respect to the position of the effector 5, the control system is configurable using
conventional localization techniques to calculate the spatial orientation of the effector 5 in three-
dimensional space. As is known in the art, a range finder 8 is operable for communicating with

the control system the distance to a specific area of interest. With this configuration, the control

25  system may be cooperatively operable with the camera 9 and the range finder 8 to determine the



space. As is known in the art, a range finder 8 is opgrable for
.comunicating with the control systemthe distance t@h specific area of

i nt er est .w@i20dv/dtabd43 configuration, the control system negThs2@80p&mati vel y
operable with the camera 9 and the range finder 8 to determ ne theposition
of the ef fpegficrofthd difeétbr LR-thredrBiRthashal spaqeacith rabpedt t6 & §REIEE pbiat of impegiohi C
point of interest on a wig cap 2. The control system may include a display
system 10avigiedp 2as a screen or nonitor 11, to facilitate visual interaction
with a robot operator. For exanple, prior to wig construction a realtine

i mage 12 of t hEhecovptrd siFym hery dichyde aydisplagRysteni €6 a0éheat of Wrekmer mokiok 1oper at or .
To capture the real-tinme inage 12 of the cap 2, any nunber of caneras may
be f ocusedacilitaté hisuat aperactiol et @ rotiepeagonTdpr exaalpleg pri@dal wig @nsttuci@nereak
and/ or the previously described caneras attached to a distal end of the at
| east &ne timebmagec] 2aif theahp 2 ray be Bioplayed akd pragented yo thé rabof dpetant Té exphuné thees may
be enpl oyed using the captured real-tinme video image 12 to control and

cust om ze réshémuiiigageali2sdfrthectap ) apy mowss of Eaateens Ny Hecfoanssluad thg eap Dy Théve
operator or used directly by the robot 1 to direct the process. In one

i |1 ustr at icamerenipayinaiad¢ additivaalremkras anviéorthalprovibushgdesdribed eamgyasditisgicdyed nay
be visually overl apped with data previously used to orient the cap 2 and/or
t he cap hdisthbenddfithe at heast @dé bt aomaf the peboe?. Komrrietx ahdfferent devbmquss opebey
oriented, an inage of the cap holder 3 may be el ectronically stored in the
conput er i zagloyashtsing they edppmed Taktimerwvifso dfmaged2 darohtod! dead @stomizebtbe rvaigal | ed
and overl apped with the real-tinme video inmage 12 of the cap 2. For exanple,
t he i n@ge comstrudiion @rackssr Datarmeayf reamimalined by tHeaperatoe ndeseé directly by the rebdsddp nent |
to make the two i nages nore distinguishable, the inage of the cap holder 3
i s el ectrdneattliclpyockssr matted into a three-di nensional wire-frane inmage that
i's superinposed onto the real-tinme video inmage 12 of the cap 2. In an
alternative and nore sophisticated enbodi nent, the control system may be

In one illustrative embodiment, the real-time video image 12 being displayed may be

visually overlapped with data previously used to orient the cap 2 and/or the cap holder 3 in three-

15 dimensional space. For example, once properly oriented, an image of the cap holder 3 may be
electronically stored in the computerized control system. The image of the cap holder 3 may be
recalled and overlapped with the real-time video image 12 of the cap 2. For example, the image

may be either wire-frame or surface rendered. In one embodiment, to make the two images more
distinguishable, the image of the cap holder 3 is electronically formatted into a three-dimensional

20  wire-frame image that is superimposed onto the real-time video image 12 of the cap 2.

In an alternative and more sophisticated embodiment, the control system may be
configured to accept several identified points of interest on the real-time video image 12. This
data may be entered interactively by the robot operator or captured automatically by the control

25 system. In one illustrative embodiment, fiducial markers 13 may be placed at selected locations

around the cap 2. These points of interest may be matched with previously stored data used to



configured to accept several identified points of intgrest on the real-tine

video image 12. This data nay be entered interactive by the robot

oper at or wo 20@pl4us4ed aut omatically by the control systemrcTIUS2003@38446
illustrative enbodinment, fiducial markers 13 may be placed at sel ected

| ocat i ons osiemulrectap Dén thige-dimenkioas @p4eo inith Sespdct tortherobsit1. Mbynglreal ABdeGiapgingl t h
previously stored data used toorient the cap 2 in three-di nensional space
W t h r espetborithms tixor clied tlatd mahipilaipnrtedhhiqbdskrowmipaha g, dlegedlitineimagnid/ oir

ot her data mani pul ati on techniques known in the art, the real-tinme i mage 12
of the caphezapfynapde ressloddviad therthee-tirendiénabgpack kiews todhadobstdace known to t he
robot 1. By visually interacting with the control system the robot

operat or may CcBgvomllyéntéragingiwgthalgohttal cysten) therrolsoe speritor payoaistomiza thel gighavi ng
desired characteristics. For exanple, once the cap 2 is positioned for
const r Bct icomstru@iog procgsd 3o produved v havimppdesihal clanct@jstiesn Homexpinple, ofideghecap 2 may
be di spl ayed on the display system 10. As descri bed, the previously stored
ori ent at i @nis pesitipeediay cdmstruceiom lelge gositivhedviea bapdpatir 8v anhimédes fitieakp L imay benage
12, or the real-tine inage 12 may be napped with the orientation data

al | owi ng displgdd annhedapy systemi X0h Ashdesaribed, the previoushgtorddorieAmtiond thage oragl

i nput, the operator may recall a previously stored inage of the end users
scal p andberedabledandAgvepamed ouitl the dexd-time bmdge $Z; amrthe geat-time émageuRemag bscal p
and/ or head may create this inmage. The operator to help facilitate the

cust om wi grapprdswithuthei apiantpticancdatssallemyngr diretl interahiion with the @didinrealyege dbherat or
may interact with the display system 10 to control and custom ze the w g
const rl@ct iadditignabiopwsthe Pparaterxmaspieenl] a previuslyotoreshienaat of therend users e¢adipandigirt h
control systemusing a |light pen or other data entry device and select a
vari ety ofheadi fAsenreviqusly descrbde saahringibe end user cssalpfand/prchead gay eretie thirigdee ed.

For exanple, the operator may select desired hair location, i.e., coverage,
hai r col orThe deamaionty help failitatethe elsiorrvigsonstrueion peagess say gcell thistdataoper at or  may
select to blend certain colors, fade certain areas with respect to hair
density, color, hair direction, etc. As a practical matter, it should be

appreci ated that the control systemand its software may be _
The robot operator may interact with the display system 10 to control and customize the

15  wig construction process. For example, the robot operator may interact with control system using
a light pen or other data entry device and select a variety of different variable characteristics of
the wig to be produced. For example, the operator may select desired hair location, i.e.,
coverage, hair color, density, texture, direction, coarseness, etc. The operator may select to blend
certain colors, fade certain areas with respect to hair density, color, hair direction, etc. As a
20 practical matter, it should be appreciated that the control system and its software may be
configured so that virtually any variable considered during traditional wig construction may be

varied and robotically carried out.

In another embodiment, the robot operator may control and customize the wig
25  construction process by physically interacting with the cap 2. That is, the robot operator may

enter data into the robot control system by physically interacting with the cap 2. For example,



configured so that virtually any variable considered_guring traditional wg

.construction ray be ied and robotically carried o I n anot her

enmbodi Nnenwo 2bds@4rakot “operator may control and custom zeCrhms2es5938446
const r ucE BRI prid Celidsby SigiysHoal |y interacting with the cap 2. That is, the
robot opensihgea damyenentiesicedis suchnt @ wahe lighbpdn, mamner, @lc., $Has ha&Beby ofdtya igal | y

interacting wwth the cap 2. For example,i iT" " "(tm " I i I"""" i ipr ."
"" c:n n ithred-dimensidnal spacehwitH despectitd the rébop 1, the fobot-dpkrator Siaf Ghtéradd aith tedapy
device 14, such as a wand, |ight pen, marker, etc., that has been oriented

i n three- Qitrersk oemlof apacse onpdriorm ethpedita ¢ntrytfinetiorsb dthe ata eftey devizetmager at or
may interact with the cap 2 to mark areas of interest or performother data
entry functifelssor Winal, deyieadiegiupon e partieulareappliation. r €hie approschvdllves thedeb@ndi ng
upon the particular application. This approach allows the robot operator a
nor e handspeaatonp procaltdnds-en appepachu s wigl castdomzatioaraid mey adsb Do abreora famnitiar dndmi | i ar
and confortable process to the operator. In yet another illustrative
enbodi mentcpmfonable perat Grtheweperatant eract with a nodel, such as a head nodel,
that is cooperatively operable with the control systemto custom ze and
control the wig construction process. The nodel may be configured and
oriented in three-di nensi onal space with respect to the robot 1 in a
fashi on that ik wt aotler illugiratineemtzdinient, deropgratolimag interact withe maidle kudray abe
arranged such that identified points on the nodel correspond with
i denti fi edieglonedel timn ist doepecaiively@petatrle Hith theviogtra apstédn tdisistogizz addcentwhthey
device 14, such as a light pen, pointer, etc., the operator may interact
Wi th tlfe moglebnstroctionprasaisze Thhenodelgme hs confighicd rngooedekin titee-dmyaeionalay be
a uni versal head nodel capable of being repeatedly used for nultiple wig
const r uct ispage prith gespert ¢o thAraber hirt 2 {ashign that is sigtilentortheledp hobdgr he Morasuerethet o
match a particular end user or application.

model may be arranged such that identified points on the model correspond with identified points

on the cap holder 3 or wig cap 2. Using a data entry device 14, such as a light pen, pointer, etc.,
the operator may interact with the model to customize the wig construction process. The model
15 may be a universal head model capable of being repeatedly used for multiple wig construction
processes. Alternatively, a custom model may be created to match a particular end user or

application.

Once the control system is configured for a particular wig, the robot 1 may be activated to
20  begin robotically constructing the wig. During this process, the robot retrieves hair 16 from a

hair staging area 15 and attaches, i.e., implants, the hair 16 to an identified location on the cap 2.

The hair staging area 15 may be arranged and configured in any number of different
ways. In one illustrative embodiment, the hair staging area 15 is configured in an n X n array
25  organized, for example, by color and length. In this illustrative example, the rows of the array

are organized by color, while the columns are organized by length. It should be appreciated,

10



Once the control systemis configured for a parti cul wi g, the robot 1 may
,be activated to begi ,oboti cally constructing the During this
process, wbeaoossnlaeds2r elri eves hair 16 from a hair stagl ngcarzsacsbisne

att achesg=i g, Ll Eant St exhelfiair 16 to an identified location on the cap
2. The haihbw&leA@hangthar IR@ chiradi@istife skh hangea, anthei ahingl) cesehéss 2y nfightber of
different ways. In one illustrative enbodinent, the hair staging area 15 is
confi gur ede fidtluded 1 the Srg@iZafiyn Sohgadli Afnunitef ofniadifidationstiyayCil ddead thelhairgt h.
In this illustrative exanple, the rows of the array are organi zed by col or,
whi | e t he saghg amiRs 1 fkcacodiaodatecadlditiynd! ergtid). Mbicogdtithduld e apfre@atedhatchny N.

~ir .. " ni imitr~. ~~_ " 1i is it ur however, that other hair

char act er itypkio€ Bair e Witlasonetnibim] wig/dvnktaiciicn manilsobke nseddthsbaymesent isteatiomri ght
be included in the organi zati on schene. Any nunber of nodifications may be
made t6é the hair staging area 15 to accommodate additional criteria.
Moreover, it should be appreciated that any type of hair used with

conventi onal Wiy faesentucd hwangemsnt af the hive 1ugatle awrdyhs dfdgmaplygseptogiamuedt | on.
The pl acenment and arrangement of the hair 16 in the array is ordinarily
pre- pr ogr amwree robut’s cotte! systeot ' Bhiscioformasion swls vayndepEhdisg ipeingherenfiguratidnldf vary
dependi ng upon the configuration of the hair staging area 15. For exanpl e,
i n one il ltheshairagtagie @eddTi Fenexamplee inconst itlodtragyes¢nshpdingenp gy cantmiesystem is
anticipate the hair 16 to be stored in a direction parallel to its

di r ect i on pofgrametedi tevauticipats itheghaihi 6 td hé storedtin gndirectien pasilisl td itpraljrection of
automatically retrieve the hair 16 necessary for conpleting the wig

conf i dlr atrétoeval. nplsinglahis infermatidro thegplat dtraay. ausnatieadly réthens thiphaiel6 fagessarxanpl e,
the robot 1 may be equipped with two caneras attached to the distal end of
at | east doreompletng the wigmoRfigufdtion dwnehyghetobatopeater. pr ovi ded to the control
system and the control systemis operable to use this information to
identify individual hairs stored in the hair staging area 15. Once an

i ndividual hair 16 of interest is identified, the control
As described above, for example, the robot 1 may be equipped with two cameras attached

to the distal end of at least one robotic arm 7. The camera views are provided to the control
15  system, and the control system is operable to use this information to identify individual hairs
stored in the hair staging area 15. Once an individual hair 16 of interest is identified, the control

system directs the effector 5 attached to the robotic arm 7 to retrieve the hair 16.

After the effector 5 secures a hair 16, the effector 5 is moved by the robotic arm 7 to a

20  position proximate the cap 2. Using any number of techniques, the control system operates to
automatically and robotically move the effector 5 to attach the hair 16 to the cap 2. As described
above, the effector 5 may include at least one of a hook 6, needle, or any other mechanical device

or tool for attaching the hair 16 to the cap 2. In one illustrative embodiment, the control system
attaches the hair 16 by moving the effector 5 in a manner that mimics the manual ‘latch hook’

25  technique used in conventional wig construction, however, any attachment technique may be

11



system-directs the effector 5 attached to the robotiggarm7 to retrieve the

Jhair .16. After the ef@@ctor 5 secures a hair 16, the fector 5 is noved by

t he r obotwo 2a66m475420 position proximate the cap 2. Usipog/usegosnssider of

t echni quEs: T e jepit Fol “siidd-thiioperates to automatically and robotically
move t he aifiliggdt MMorove) thd Effector 5 haylt@i equipfedt with N magaine dr aksy o6l ittedreabove,
the effector 5 may include at |east one of a hook 6, needle, or any other
mechani calcagh®le of Beifig adtaidticaldr deployioitien gitdchiag thahair 16totthe dape. cap 2. I n one
illustrative enbodi nent, the control system attaches the hair 16 by noving
the effector 5 in a manner that mmcs the manual 'latch hook' techni que
used in conventional w g construction, however, any attachnent techni que
may be pG | | TThé ropotic proces@f hair retrieval -and attachmént may 'be wépgehtedg domploted awtddr , t he
effector 5 may be equi pped with a nagazine or array of tools that are
capabl & ofthdreigrgnsiutttninirdces| Hay redehiet a gt oflaeaptaict.adhk ryottdperatvaimay ionitar t he
cap 2. The robotic process of hair retrieval and attachnent may be

r epeat edl ywheangthueti@Oprodesd bsirtgh for wkamnpte) detafarebéntoned canassandalisplayagdtan 1& st at e
of acceptance. The robot operator nmay nonitor the construction process

usi ng, f orPesxdicallyaf dashel, dfe@pemeninaphcdhecpmesamdamdedt it phpy asl/gigaorekore
Periodically, if desired, the operator nmay halt the process and inspect the
cap 2 and thé grotess srigingeomhietefrap desired.i ¥ nvedssagy, amdficationd mey bd awdde msing Hie
necessary, nodifications may be made using the control system For exanple,
at any poicantradgysteny Konexampde, eomspointdurmg therwig eenstrudtinr propess.ahoeperater eyl t t he
robot 1 and interact with the control systemto nake nodifications to hair
col or, 10t exials the, rolpsit & cadrinteract with tietopntred nybteny togmake orodidicatipas fodigireolor, texture,

Al ternatively, the control systemmy permt onthe- fly nodifications,

whi | e t he nlasbmoent,1quakityyasdier ary, otiiirevaniable: | Altareativayshei¢onispl system seay PSRt above
are illustrative only, as the invention nmay be nodified and practiced in

di f f er ent thafly mgdificationsy whiteihneabst bisparkén®t to those skilled in the art

The particular embodiments disclosed above are illustrative only, as the invention may be

15 modified and practiced in different but equivalent manners apparent to those skilled in the art
having the benefit of the teachings herein. Furthermore, no limitations are intended to the details

of construction or design herein shown, other than as described in the claims below. It is
therefore evident that the particular embodiments disclosed above may be altered or modified and

all such variations are considered within the scope and spirit of the invention.
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having the benefit of the teachings herein. Further e, nolimtations are

.intended to the det a’ of construction or design h n shown, other than

as descriweadoean4trdze clai ms below. It is therefore evi demCTiusasostobs46

parti culal: "Enbiidt feht.s “Hiidéf-bied above may be altered or nodified and all
such vari &fHabRslamked; consi dered within the scope and spirit of the
invention.i !r- .." it nr r ir pitr . "t:no211.8 " , ii ." " |1 U ,
T A N at, i .S clai : et hod for constructing a wi g

conpri si né': (a%(%ﬁglgfl ?rgﬂqsﬁg@gaé*{}gf@?g?&gne effector attached to a robotic
armo f a robot proximate to a wig cap; and (b) operating the effector to
fixedly attach@hppsiiioning as; gt leaseonggitectercttaghed (g ayrobats. arm of a 1abat prEXipEK 1Of cl ai m
1 wherei nythgyalngl east one hair is attached to the wig cap through a latch
hook technique. 3 . The nethod of claim1 wherein the three-dinensional

position of the wig cap relative to the effector is registered with a
control |l er of @h%pe @B%B‘Fe ec.torf‘hgxﬁﬁ!&ﬂ% a9 af legyf ﬁl?erhagt‘?/\ﬁgwg %Pt he
registration is obtained through at |east two caneras via a triangulation

t echni que2. 5 . Theheethel dfethirofl wHesimthd avibast exerhatrhieatefiedad te Wig ciphtbrougloapri ses
nmore than one nﬂ:eq%ri\iu%al device. 6 . A nmethod for constructing a wg

conpri si néa.c (gf CA i ng the three-dinensional position of a wig cap
with respect to an at | east one effector attached to a robotic armof a
robot; (bP- opeFhsthethpd: dfelainn fl rersiin the greecdimpnsioaaliniogition of the wig eanaclpfaiertof rom a

hair st agyQfaL&as registered with a controller of the robot.

4. The method of claim 3 wherein the registration is obtained through at least two cameras

via a triangulation technique.

5. The method of claim 1 wherein the effector further comprises more than one mechanical
device. ’
6. A method for constructing a wig comprising:

(a) localizing the three-dimensional position of a wig cap with respect to an at least one

effector attached to a robotic arm of a robot;
(b) operating the effector to retrieve the at least one hair from a hair staging area;

(c) operating the effector to fixedly attach the at least one hair retrieved from the hair

staging area to a location on the wig cap specified by a controller of the robot.

7. The method of claim 6 wherein the at least one hair is attached to the wig cap through a
latch hook technique.
8. The method of claim 6 wherein the three-dimensional position of the wig cap is localized

through a video registration technique.

9. The method of claim 8 wherein the position of the wig cap after the video registration is

displayed as an image on a monitor.

10.  The method of claim 9 wherein the image is overlaid with a second image.

13



(c) operating the effector to fixedly attach the at lgast one hair
.retrieved fromthe'h staging area to a location o he wi g cap specified
b y a corwoabéens7zazf e robot. 7 . The nmethod of clai mpéTwsesosiosssibre at

| east onErihidl r lil&s Btifiac BEd H-bi-the Wi g cap through a latch hook technique.

8. The metihod Tlhe méthddBfRlaih 6 viierdirl thethiderd@Rendion® Poditismadf tmslgtcapia 16eafizeihe wi g
cap | | acal i,z dthr ugh video reqgistratio echni que. T? met hod of
i m & WABPESHrIDE e BOAT £t Bibtie ORICR ORI iab POYRES i HiE™ P JHCEE Phi on | s
di spl ayed pagefaedioragpm. on a nonitor. 10. The nmethod of claim9 wherein the
image is overlaid with a second inmage.B- a. ' ' P ,ii iui ,."." ,. -11 |r |

"t 11. The ”’%ﬁ%{*. Zefgﬁa?rh%‘v%eﬁ@}fﬁgieﬂecwg?&h*éf &%p‘?:%é!"rﬁ‘o% R on PRS0

the wig cap is rou e use an at least one universa
connect er devieg positions a wig cap holder in a predefined |ocation. 12. The
met hod of claim6 wherein the effector further conprises nore than one

mechani caly3deviksanetiodt of ERén Ii@wﬁaemqﬁe b8k %Re m@&mm dbhgs mraato&ﬁaaéhu?
mechani cal devi ces are autonmati cal bi/ i nt erchangeabl e and cooperatl \Y;

oper abl e fBPChapBPlecar FyoPsRt YN PRIEAOIHIET BRoticay PUashae it oy quRdaiytieap.
14. A net Rgglcdpor constructing a wig conprising: (a) registering the

t hr ee-di nensional position of a wig cap with respect to an at | east one
ef fector Etached rmof a. robot with a controller of the

robot ; (b) co- "8%¢ gTogf?rﬁﬁnsgrPthnéﬁs“flg8?{‘éprﬁswﬁu0| ary marker affixed to a nodel

Wi th positions on the wi g cap;
(a) registering the three-dimensional position of a wig cap with respect to an at least one

effector attached to a robotic arm of a robot with a controller of the robot;

(b) co-localizing at least one fiduciary marker affixed to a model with positions on the

wig cap;
(c) operating the effector to retrieve at least one hair from a hair staging area;

(d) operating the effector to fixedly attach the at least one hair retrieved from the hair
staging area to a location on the wig cap in a position specified by its proximity to the co-

localized position of the at least one fiduciary marker.

15.  The method of claim 14 wherein the at least one hair is attached to the wig cap through a
latch hook technique.

16.  The method of claim 14 wherein the model is the individual for which the wig is being

constructed.

17.  The method of claim 14 wherein the effector further comprises more than one mechanical

device.

18.  The method of claim 17 wherein the more than one mechanical devices are automatically

interchangeable and cooperatively operable for robotically attaching hair to the wig cap.

19.  The method of claim 14 wherein the three-dimensional position of the wig cap is

registered through a video registration technique.
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(c) operating the effector to retrieve at |east one ir froma hair

.staging area; ‘(d) op ting the effector to fixedly ach the at |east one

hai r retrwewveas/drzam t he hair staging area to a | ocati onpom/ush@swBg4€ap i n a
posi ti onFdpdct il &y . FBE3E-bikEim ty to the col ocalized position of the at

| east one20.i duThexnythotofesim Kowhetéi theggokicion of the lvdg wapldfienkvilee irdgistitatonads | east
one hair ids attached, to the vmg ca.lg through a I atch hook techni que. 16. The
met hod of 5P1AY§H28 2 rRl e PREE ARZ MBBYS™ i s the i ndividual for which the wig is
bei ng constructed. 17. The nethod of claim 14 wherein the effector further
conpr i ses 2hor eThehmethohef whoh2Ai wherein ¢hei iomge 18oveTlaid with Acdconfl imbgd which
wherein t ani cal devices are automatically

i nt erchange é%?r{etgtg%%ﬂ{:hgg%grt% ‘ely operable for robotically attaching hair
to the wig cap. 19. The nethod of claim 14 wherein the three-dinensional
posi tion g?- t hEhangghedzph claim 2lewhesein the @verlidogepmd dmage dsed togreplanr fisgst the

t echni que chdstrictioh bfthk fvig. N i 1i--- iris ii:r . >r:ii ii ii ii niir 20.
The net hod of claim 19 wherein the position of the wig cap after video
registration is displayed as a real-tine inage on a nonitor. 21. The nethod
of claim20 wherein the image is overlaid with a second i mage which
represents the end user of the wig. 22. The nethod of claim2 1 wherein the
overlaid second imge is used to preplan or direct the construction of the
Wi g.
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