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

Wgs are worn by mSYSTEMANDMETHOIRRORROBOTRICWESSISTED wither of

different applications. Froma oRSITRUCTRONCONt ext, aristocrats, royalty,
and high-ranking officials have traditignally worn wigs to symbolize status
In society. Today, wigs are nore often worn to disguise the thinning or |oss

of hairs For exanple, cancer map EWiRedteigMIEPRDOY W gs to cover hair |oss
resulting from chenotherapy treatnment. Wgs also find use in an

entertai nment context to alter the appearance of .actors and perforners. In
general, the uses and applications of wigs are as varied as the 20

different st yles and confpgpkmdNnEPoRER A8 LPPIMCATEONSt ructi on general Iy

begins with a foundation™oF cap to whrch real or syntnetic hair is

attached. Her eafrhi@hpplitdien SIRmIpEcHRY toV. 9 PRARionA Afplib IR BiaheP S0/678 588) Giled S €d
i nterchangeably to generally refer to the base or support structure for a

W g. The chadicket®l 2l cs of the cap, such as 25 size, shape, conposition,
etc. may vary dependi ng upon the particular application. For exanple, wg
caps may be hand or machi ne made and conprised of a fine nmesh net or
nmonofi | ament material. |n BACKGROUNDGRYAEINVENGDONS conprised of a
transl ucent nonofilanent material that, when worn, allows the natural skin
col or of the scalwgtisa shofactubed heglitovdring ghedis tvioontp ahtrhmcs appearance. Wigs are

worn by men and women alike and are empioyed 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 wom 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 transiucent 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.



materials, such as Dermafix nmay be added to the cap, which when heated by
body tenperature 30 hel ps adhere the cap to the scal p. WO 2006/ 047542
PCTI US2005/ 038446 I n sinple ternms, wigs are constructed by attaching hair
to the capwoles/daasse may be sel ectively attached to thepcEpsihesossich t he
needs of the end user, e.g., cover thinning or balding areas, deliver
desired entert ailmsimple teffseeigs aft @nstddared by Rewkicg Bait ®t the 8ap. SThehharsmiyebet ur e,
quality, <color, length, etc. may vary dependi ng upon the particul ar

appl i cat i onsetectivebragthched toitiacap achaichgbendsdsalff thelvad wiey e.g/brveothimning bhimldirai 1 may
be conprised of human hair, synthetic fibers, or animal hair. There are
general | y t¥paseddliyesedesieefl epjegainment effeet, ceteavHain ehigfagterisiicy shch asamiture,umeldyy  and
custom nmade w gs. Stock wigs are usually machi ne made and are not

necessari | yeUs/FRgte §tcs By wansdrpending uponyhe Basticulsr applipatipe g% opsiructio techeigue st ock
W gs are_us | y. cheaper jn cost, which upfortunately 10 usual]y cones at a
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because stock wigs are made with little or no input fromthe ultimte user,
these wigs are often recognizable when worn. In one exanple, stock wigs are

constructed usi a_sewn chine tao tach.hair,to a."weft" .which is a
| ong string. On?gerf A gﬁnszagy @eegmoé‘%gﬁ"ﬁa ar\?vg}’atﬂ?ﬁf‘tsmfl% l'é:\r{l]\ﬁo%ag%%uesg ®ar ound
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provi di ng a nore”nat ural en wWo rea ce to sem -custom
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constructed wth a particular appli ion, e roup, Or person In'mnd.
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construct the wig, such as 20 placenent, color, texture, length, etc. may be
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construction is a tedious, tine consum ng, |aborious, and consequently

EXPENSi Ve Pfebspfiible withSvon® 18 SRE&Hample, ok Wiks hr@ Cortasctedising § sewiripsrhdchiaé ioon. For
exanpl e, when

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 wom,
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



25 constructing a customwi g, the cap is usually customfit to a particular
i ndividual's scalp. This frequently involves neasuring the individual's

scal p and head and netgi ng the ends of the cap 2 006/ 047542 .
PCTI US2005MaB 8616475420 e individual's hairline. Considetatusfsiigiml SO gi ven
to the desired coverage the wig is intended to provide. For exanple, in the
case of partbithd indiidialasSkmjrliid)eComflelRon 1 also @eh ol teadbsiredndoyerhge HBOWEY isbal di ng
portions of an individual's scalp. In the case of conplete bal dness or if
desi red froimeaded dspmovide Eéramaimoe, it thetchse of aptiaityldines, diwndap may de comstraeder t he
individual's entire 5 scalp. Once the specifications of the cap are placed
in a state ofy acoepbaldive portibes ofiag irdividuglsrasalp.u by el casy obieampditd badfnkrsior ift o
desired locations on the cap. Hair is attached to the cap using a manual

| abor - i nt endssited fromes pasmetirestandprintsthe capymayhgicanfigured e poverthe fidividypliscmtss as
ventilating a 10 wig. Using a needle, each individual hair is fed through

t he cap,swrs&ﬁ)‘ﬂed around itself, and fed back through the cap in a knot
tying fashion. The process enployed is simlar to the 'latch hook'

techni que used for tying a rug. A typical wig may require the process

repeat ed bet weery 30,000 000 tines I\/breover he manu rocess used
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proxi mate tQcithdugh %&ap in a knot tying fashion. The process employed is similar to the ‘latch hook’
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 \.wig 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
2 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



and the effector is then operated to fixedly attach an at |east one hair to
the wig cap. 25 Certain other enbodi nents of the present invention include a
met hod for constructing a w g wherein the three-di i onal position of a
wig cap Wi twoemspesiz to an at | east one effector attacledussoosossedsoti c arm
of a robot is localized and registered with the controller of the robot 3 WO
2006/ 04754 2foPsNdd U @bt foB Erdbpératiniy Chiel cffedtsl tddigtrievethen feast ohd leir fivpedairi ng t-he
effector to retrieve the at least one hair froma hair staging area and

t hen fi xed| stagirgtases andthert foedlp bttdckiagthe anestivas ainretievied frowd tHerhourstading da@ite St agi ng
area to a location on the wi_fg@cap specified by a controller of the robot. 5
Still anot htlocatiphertherwigtcapspetingd hyagommtleriofitherobplon i s a net hod for
constructing a wig that includes: registering the three-dinensional

position of a wig cap with respect to an at |east one effector attached to
a robotic¢c ann of a robot with a _controller of the robot; co-Ilocalizing at

| east one fi ductlipspthepsmbogimentaf the gresegt igventiopds a Rethed ‘gb‘ﬂ‘i‘i’“ﬁ‘l’f@ agie thale wi g
cap; operat]j the effector tq retrieve at. |east ope hajr froma hair
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ENVBODI MENTS ts are current use unber o erent
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such as ABB Inc., KUKA Robot G oup, Aut omat 1 on Technol ogy, Fanuc

Robot i Cs,  efeifiedyfite profinmily &Pthé AIBEaIR pb RS the AleaRCone FBRRYY RffkercONt 1 Ol
technol ogy. Oten, robots are integrated with manufacturing processes to
renmove or

BRIEFE DESCRIPTION OF THE FIGURES

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

the present application.

DETAILED DE PTION 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.



25 elimnate the need for human intervention. In such an environnent, robots
ordinarily increase the speed of the manufacturing process and reduce the
manuf acturing costs (e.g., |labor costs) of a fi nis?‘i product. Wth the
present i nwaniob@e7saa robot nmay be configured and enpl oyedriiSzoo9edese oOr
elimnate the repetitive manual processes typically associated with wig

construction. 4RobMs aOREViad 154 Runttfer 41\ dBRRABIA ns. RoP&ample/Bbay @¥ivded in a

nunber of different configurations. For exanple, robots may be provided

Wi th one orprévided withohé @r aidie robidBiC lAms] @ftthadicilaftatiRivhs, amitd/ @kier Qe oft ypes of
peripherals. In nost applications, a robot uses at |east one robotic arm

t hat i s corderipheratsd Iminbd applicatiohd, @ edbotrusestat lrash e reliotio armmtbatiis @nfigusddakitheend of t he
robotic armto performa desired task or function. 5 For exanple, printed

ci rcuit boaafidctomattathed stior aeas adiswal endlvbths rdbatid oy to pbrbinin @ dasined task orfustibmct or s
for picking and placi ng sem conductor chips on printed circuit boards. In
this cas®, Fonexasfplecprinted dirguit beardahanpfaghuresotsé whotsbaingrobotic st withseffeetprabl e of
grasping and rel easing a chip. The present invention is not |limted to any
particul ar fPorigkingspd plasing sgicanduespr chirs pherinted gircuithogrds. jIe this case, te effestorist robot s
are configurable with an appropriate anount of intelligence and arm control
capabi | i ty “Seplly @ gystian Bechanijopthatds capabipeo! grasningapd trleasig A FBP- pr ocesses associ at ed

with wig construction. One such robot configuration is taught, for exanple,
in US. Patent No. 6,585,746 the contents of which are hereby incorporated

by ref if set forth in its entirety. 15 Wth the pe i pventi on,
2 robot 1. s srgnART gyl il b Gfieytcabidn e bRl el Ract wch
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robotic arms 20 wth respect to the cap. For exanple, a cap holder 3, such

as a stand & corfelkS bf WhitH ADhRb$ incdtprbteEby 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 robptic 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



may be positioned and configured in known three-di mensi onal space with
respect to the robot 1. By placing the cap 2 upon the cap holder 3, the cap
2. beconmes oriented in space with respect to the _rot. 1. 25 Dependi ng upon
t he parti cwoamosqapdszcati on, a universal connector 4 or seTU$BISESMECE nay
be configured to be cooperatively operable with the robot 1. The uni versal

connect or  4rigatiiplal flir@Ry oP difieletORF hOer® 4 an Birce. dilaifoRdl QR4 46th 1QHER Y B9 2

plurality of different cap holders 3 in three-di nensional space with respect
to the rolshot 1. FopéxampR@kleof Meghrabiy dfdgp Ridersad mby boOinatlnn 1 Qe d@iversad May be
attached to the universal connector 4 and pre-oriented in three-di nensional
space w th comegtect ahd prelveentabint thrie-dilnansidnalisspace weithpdespect tth eheplobat dl. | Inythief cap
hol ders 3 may vary in size, shape, etc., and a cap holder 3 that best 5

mat ches t heexanple therplirditapfecap holderphmey oy iasize ahaps, etea pndecapdiolert idiat best
pre-oriented, a particular cap holder 3 nay be selected, attached to the
uni ver sal d@qiﬂ#ettnge@pd shage efaparicwarsep Dmpebesglestesh If rreanientpdr apartisalar@pal | ed
using the robot's control system GCenerally speaking, the universal

connect or 4°ligs 3 Jeryabsyselstpd.caitached (o) ghe univgrsal poprecoF 4npidoits stered opgtation
attachnment that assistf the repeated placenment of the cap holders 3 in
subst ant i alPPEuRHEoL sgealled Jisiog; the, rahpt v, cquirel systemy oGengeally speakiggothe pmiveesal yst om

cap holder 3 ma | so, be used with tggm resent inventiop. Ln one

T ustrat i vemep bRty e, bl sptigprh ot i PG LA BPe BEEHTS B o scan

of the end user's hea /[ or cal.Lp. The data collected durin he scan may
be used 1o "ERrLAPIERR A Y e hoRERah sfaguil e me BFER ot i Pec oo o

a cap h der(r)bois1 It should be appreciated that a nunber of different scan

t echni ques nay be used to collect this data. One such technique is

described, for exanple, in U S. Patent No. 6,585,746. In this exanple, a
video systemis used with one or nore caneras to nap locations of interest.

o] ot o ol 3 BRSPS oy RERRO dlih s
users head ¢af@diment, a custom cap holder 3 may be produced from a scan of the end user's head 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. Moi'eover, 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



20 scal p, locations of thinning hair, hairline details, hair color, density,
coarseness, or stereovision nmay be used to reconstryct the shape and

di rensions of the head in virtual space. This data n‘ t hen be processed
and used t wd mbsiidesze a custom cap hol der 3. Moreover, PsSTAWSI0bs/d3essdescri bed
bel ow, this data may al so be used to custom ze the wig construction process.
25 The r obaodystém ity isleoemevely esbrablOvithooak lop mbrectamerenfpadad omanvires ofdiftedstl f er ent
control systens. In one illustrative enbodi nent, the robot 1 operates using
a conput er i thatdnchdes, faglexantpld) aVNSFRBO 6 At i 4@ a RSB SRODOT thSBWAE . Aswilldn t hat i s
cooperatively operable with one or nore caneras focused on an area of

i nterest tdeseribsdhbalepyethe effestor Sxmapineludenst legst enet dfra BeoktG, aeddied ot anyacthesbot i ¢
arm7 of the robot 1. As will be described below, the effector 5 may

i ncl ude at Meshanicaldrxice psefi fos grasping indixignab or grpuns el hait androbogigatiy; attackiae theevi ce
useful for grasping individual or groups, of hair and robotically attaching
the 5 halr P8R ﬁ'e%?p Moregysy, dhs adiecton, ypaycipghuderag array ofgyechamel feucesithat areqy  of

mechani cal devi ceg that ar aytomat i cal |l y injerchangeabl e and copoperatively
oper abl e fo"r“t"P‘dB‘ii‘ﬁY i g&ﬁ’t“a@ﬁf‘?@“ﬁ‘é‘ies“!’ atlhhé” g?)““'%’.at L 9 ¢ ¢9P- caner a
st er eo, ortfogonal, or other configuration, the control systemis 10

capabl e of ‘determ ning the position of an effector 5 in three-di nensional
space with respect to a specific point of interest on a wig cap 2. For
exanple, in one illustrative enbodi ment, two caneras nay be attached near

the distal end gglaé‘ ta rtﬂBt?—[é%ﬂferaagt ,];?rt%u%gnaﬁ.o %he? co@?ﬂ?ﬁﬂfﬁéicﬁml 9)];ste¥:tpﬁ two

caneras configure 0 oV ap w eftector ocations of the

two Ccamp ascafilbf of HRCHHAiNY trhg'gnfsﬁﬁf?%_%n defer Win RS- difnORioR11 sﬂdﬂ?_wﬁﬁ fegebab 2 the
control systemis configurable using 15 conventional l|ocalization _
techni ques, sadiichpoast dr fikté@B@eh &t Wi@ap 20 FoRb:GHbR! f dRGINGRANVe 2mbEih&R @i ON Of
the effector 5 in three-di nensional space. In another enbodi nent, a range

finder 8 an@dmera€AfEbeutiBchbdieaPBe alktaPeall 8fh OBRIC ati 6f tHe b7, and the views of the

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 S 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  systern may be cooperatively operable with the camera 9 and the range finder 8 to determine the



end of a robotic armof the robot 7, and the view of the canera 9 configured
to overlap with the 20 effector 5. As described above, if the |ocations of
the range finder 8 and the canera 9 are known wth r.pect to the position
of the ef fwewimos/frssbhe control systemis configurabl e usimgsensant i onal

| ocal i zation techniques to calculate the spatial orientation of the effector
5 i n t hr ee-positicresfshecafiadtorsyia tieee-diBensidndk spavewith redpbie tod dpecific poait @Linfeientdar 8 i S
operabl e for comrunicating with the control systemthe distance to a
specific arewigodpd nterest. Wth this configuration, the control 25 system
may be cooperatively operable with the camera 9 and the range finder 8 to
determ ne the ThoqoueqGaytan 18y nclpdT digtyCBntaB d 4ach 3 @stresnon mehiterHa, tof f ect or
5 in three-di mensional space with respect to a specific point of interest on
a wi g cap Zacilitefe visead intespctien, with arobetyopprater. (Koe examplesprics jo wigspustriction aggkh as a
screen or nponitor 11, to facilitate visual interaction with a robot

1
oper at or®  PRe igRafhd of thesan gmay be digplpyednd pressated tthesropt operater. (Tocaptiriiise 12 of

the cap 2 may be .di spl.ayed an resented to the rohot qperator. capture
the real -ti "“Fﬁé’@%ge?]f %ﬁ“’t‘ﬁ%gcgﬁ “ﬂ“gﬁﬁgcaﬁlﬁﬁﬁé‘?“yé’f’ eeusrd o 4he 8D 2bgg'?sﬁcused on
the cap 2. These canpr as, r@a}{aincl uded/adtgli ti onal aner as and/t%r t,’tt_‘,tle

orevi ous| y FREE Pa%Rclids adduional camerqs agd/or the preyipusty, qescabed camefap ataghed @ ast e

robotic arm:. 0 arje Lffere '
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custom ze t L n t lL.QR A NESS: [ Lz ad t he
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11 ustrgd i @n@BRAIpRRAS, Dhidfnaly8ekishditR by keDealiPGCusdPaiRe 8 dlé RBbAYVed may be
visual |y overl appeé’ w th data“previously used to orient the cap 2 and/or the
cap hol der @reitihelptdce®: 15 di nensional space. For exanple, once properly
oriented, an inmage of the cap holder 3 may be electronically stored in the
conput eri zed control system The inage of the cap holder 3 may be recalled
and overl apped with the real-tinme video inmage 12 of the cap 2. For exanple,

t he i mage 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



may be either wire-frane or surface rendered. In one enbodi nent, to nake the
two i mages nore distinguishable, the inage of the c hol der 3 is
el.ectronically formatted into a three-di nensional 2 ire-frane inmage that
i s superinwasade/ostsaz t he real -tine video i mage 12 of thectmpo8soismean
alternative and nore sophisticated enbodi nent, the control system may be
configured ¢renttbeept? is dwerdishensidmal tpatd with nespeat testhofobotrit distngtreabtimé happirgal - ti me
video image 12. This data may be entered interactively by the robot

oper at or or algaitimsraadforathes data maxipylatioh yechnimyedonwn ol thOst, thegeabtime inmge h2of
illustrative enbodinent, fiducial nmarkers 13 may be placed at sel ected

| ocations Hif eaprdnayhe reselpedinto thedkyee-dimensional sifacq kmpwn tothe tobst Ibe mat ched wit h
previously stored data used to 8 WO 2006/ 047542 PCT/ US2005/ 038446 orient
the cap 2 in thBydiswilydperngingwith ghecentsp} sysiep.dlgrabat opesatorray cysierize the wigi ng
real -ti rrapgd:ufng al gori t hns and/ or . ot her cﬁ%ﬂa mani %;I ation techni ques
known i n°t hePopictonRRResssdoprotiycra wigbayios fesirgst chasapigristics, For pramplseoneedgFaPed i nt o

t he t hree-djpension space.known to. the robo ., By .visually interacting
Wt the: cohtABTHGUL s FBRREOT S0 postiote bRt St TGO prdond Y &
construction process t.o .produce.a W i desired character.istics. For
exanpl e, on%lg’q?yﬁéo%éﬁ dls'i‘%f ?Stﬁlggliot iA 5 ﬁ'gs&‘tl?%’rtﬂ% it ‘fs[}’cs? r%?negt?%o.“, m‘ﬁ%zs[f“fyi oned on
a cap hol de i I 2, dj 2 i ay
ystom 10, HenspR8 shdBAFaicd WiE G2 Rl 12 0B EGRE Bude D2 ha0b,
recal l ed ang, ouetkRRRCHichid) dabCatbRik dlbd BuddtRGEwRE heQbaltifie ih&R! 2! 4@ 1 mage
12 may be .map.pe&' with the or%aent atﬁgnhﬁapé al 'l omﬁng cdi relct iﬁ%@eracti on with
the realiot i gRitloAA HPutl the opfatdOnAtedall la PRAHoudNREEA inldd€ o OREERRErs SRl ah@6ral | a
previously stored image of the end users scalp and/or head. As previously
descri bed, Bea&NAsprevibRE RIS SannngIBAdnD ustslbalp M@acheAdiardreutd tBis fihdgs. | Nage.
The operator to help facilitate the customw g constructi on process nay
recal | thi sThadperatordio @elp EBRditatOheuatomwigeutstiuofichipatss Wal Fecilnisdatapl ay system 10
to control and custom ze the 15 wig construction process. For exanple, the
robot operator may interact with contraol systemusing a light pen or other

data entry device and select a variety of different variable characteristics
of 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 entr).l 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,



the wig to be produced. For exanple, the operator may select desired hair

| ocation, i.e., coverage, hair color, density, textye, direction,
coarseness, etc. The (.rator may select to blend ca ain colors, fade
certai n ar SaB200é/0i5e2espect to hair density, color, hairpdi/usmbiasedasetc. As a
20 practi FAC Trat¥ér 3 Bt SH3b-Y5e appreciated that the control system and

i ts sof t warwingmydabaentry deviidegdr sudh 80a vl light pény adatkyr, atoy thaglids dbdneoriemedinder ed
during traditional wig construction nay be varied and robotically carried
out. | n ancthteedimentiendl specetwitht respeat titbe robgsdr the enbotnappratoomey mlermnwliticihie tapni ze t he
W g 25 construction process by physically interacting with the cap 2. That
is, the robbte easkarstsf intergst onerfarm ofbar datp satey functionso e datp ertmysievieymavee by
physically interacting with the cap 2, For exanple, 9 WO 2006/ 047542

PCTI US2005/ Wissiets 67 WisesT depgnding wppn_the peicyler prplication, Ahis apnrgachallowsdbe bots ych as

a wand, Light pen, ker, etc., that has . been qQriented in .
three-di#mn%ﬁ’él“k"g'a% 77 #pppoachda #ig pustopization And may alsp ke 2 o fmiliseind; or may
interact with é_gg cap %ltlo mar k areas of interest or performother data
entry funct o5 0k RECes o e PEIOT yovi ce may be wirel ess or wired, depending
upon the particular application. This approach allows the robot 5 operator a
nor e hands-on approach to wi g custom zation and nay also be a nore fam i ar

and | contortabl &, 4 QRPN ARERSh e ol Bl LD Gln 4 blta' £ ve

enbodi ment, the operator nay Interact W such as a nodel ,

that 1 c00RgS bla/Shat GEARNAy Wit N, GOQRER! sy dtP kb AisE 3t A Beand

control the 10 w g constructlon process. e configured and

ori entedo | MuigioRfuEloTSATLAN2 /TS BRES nif 2 HARARA'and 8ridd 1 oReLdifhedsond f ashi on

that is simlar to the cap holder 3 reover, the nodel may be arranged

such that igeRtwifhiréfed®@ tht foboiM nHradkiRd Mat GRS RAREIcapinblier 3 Mbredvie thePOI Nt S
on the cap holder 3 or wig cap 2. Using a data entry device 14, such as a

light pen, mpedeningy be afthuiped such it i0g@ifial finty VR Yhel diddel e éspividiwithtidatifisdgeintst 0
custom ze the wig construction process. The nodel
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.¢., 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



15 may be a universal head nodel capable of being repeatedly used for
multiple wig construction processes. Alternatively, a custom nodel may be
created to match a par@cul ar end user or applicati Once the control
systemis wsanicogosrsad f a particular wig, the robot reyUbRSskigat ed to
20 begi n fepTi.chlGGonSt Boptiig the wig. During this process, the robot
retrieves higpwevehGhdt e lair ch@hdteristicaOButias dineah, ynthdd] aiinkiacdafitnesd, el. mightpl ant s,
the hair 16 to an identified | ocation on the cap 2. The hair staging area 15
may be ar r agedudad th thoorgamgutiedschéinea Maymumntiee bf mbdifitatibramesytbe nwdy &.thd Khirone

il lustrative enbodi ment, the hair staging area 15 is configured in an n x n
array 25 ottagingiapeed) tf avconmmedats|additiong! aritdriar Maredverahshptld b apprdviagedithat ergt r at i ve
exanple, the rows of the array are organi zed by color, while the colums are
organi zed btyPd of hejr weed with eqapentionabwigsppstrectipmmaxilso be gsed@yith dpgy e Byention.

PCT/ US2005/ 038446 P C o' /tj5US/ 364r-fi'-6. however, that other hair
charactefistics, such as hunan, synthetic, aninmal, coarseness, etc. m ght

0L | R B e ™
Mo , It d b [ d t hat t f hai .t h

TN S TE N TR A Y
o T el AP R et 5ol o, B S B T )

pr e- progranmne eTo system I'S n"wll- vary
dependi ng ong.l.: [ f Qilai r. stagln 154 anpl e,
in one ill a |§1eﬁ)e lgg#éng{ﬁtlgﬂt etoc%%t?or 0 saygl%egﬁénl g"ﬁ%fre%glllsaﬁl’rrmeg@d’nt%x

anticipgge fhe Aﬂailgsmkgm% Shi8iaifdnOe hob Rafhuhdtiehita) B2 theair'18 rbdefiafyl T LT ON

of 10 retrieval. | I's I nformtion, ero 1 may automatically
retrieve thg: BalfeidPmb @hASshtiof Bput 6PMPIBbI Betathl® W g configuration input

by the robot operator. descri bed above, for exanple, the robot 1 may be
equi pped with two cameras attached

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 atrm 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 manua! ‘latch hook’

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

1



to the distal end of at |east one robotic arm7. The canera views are
provided to the control 15 system and the control stemis operable to
use this information t.i dentify individual hairs st d in the hair staging
area 15. Owoeoean4isadi vidual hair 16 of interest is idene¢frusmosdsgascontr ol
system di feEX T .t HE EfSetBdR UBMdE t ached to the robotic arm7 to retrieve the
hair 16. Afitdized Rdoredvier tlieoaffeliorsemay Bseqriphal withlSmagabine of dresytoftools tha areoved by
the robotic arm7 to a 20 position proxinmate the cap 2. Using any nunber of
t echni ques, capible of being altonsyicdlly deplgyed whansitiching the hainkfi to twichy2.and robotical Iy
move the effector 5 to attach the hair 16 to the cap 2. As described above,
the effector 5 may include at |east one of a hook 6, needle, or any other
mechani cal device or tool for attaching the hair 16 to the caP 2. In one
illustrative enﬂbﬂm@mnmqeﬁ@fd@lﬁmvﬂsaygﬁmm@f may he epeaiediyeempicted B novi ng
the effector 5 in a nmanner that mmcs the manual 'latch hook' 25 technique
used in eonVEMiE GRsHCn Bracess besteachedytate ff frrgripnce. o THe ot SRRHYTRAVIRAKYi que may
be It WO 2006/ 047542 PCT/ US2005/ 038446 PCTr ED 5,:' 3 p~ V VW@FG
utilized. NYF EEBIction precessusing. fgh example, the alorermpenti Wﬁsﬁn‘édﬁﬂ&a"é’?‘ﬁél r array
of tools that. are .capable of bein utomatically depl oyed en attaching
Uhe hair 16778040 iEGTes: the Reersionsoad el oF Bcsstany fmspest e pabc apd it o Sy

at t achnment [ t edl onpl.et.e ntil. .5 . W uct | process
nas. r eached PP & YRR sERpMeS BRI iBisp. sibalndfioh! el BB SHE O 0
constructio ' for &ﬁpg | and

di spl ay sys%g%l%gsm F@?F’[olgﬁpgé Imf I @gitﬁegﬁ?@{nﬁ%&ope lg%gs?&ﬁgﬁgﬁayt he
process 1gndydiisesd: 1 aftfinferit wittPRE cotirdl 5[ RenPdHkE mokifiSatiBEQS BRScdict, (BRLBY

conpl eted as desired. If necessary, nodifications my be nmade using the

control sysfignedrQuaiy,aWoLany JthePPiYialQ| Alterkhbivdly) Shel PftroMshtcpPMey Serid bAN
process, the operator nmay 10 halt the robot | and interact with the control

system to makey moifitdiea) waikahd @b diigwadiahg®r, texture, placement, quality,
and/ or any other variable. Alternatively, the control systemmy permt on-
the-fly nodifications, while the robot 1 is working:
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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The particul ar enbodi nents di scl osed above are illustrative only, as the
invention may be 15 nodified and practiced in different but equival ent
manners apparent to those skilled in t hd3art havi ng the benefit of the
teachings herein. Furthernore, no limtations are intended to the details
of construction or design herein shown, other than as described in the
clains below It is therefore evident that the particul ar enbodi nents

di scl osed above nay be altered or nodified and all such variations are
consi der ed Whiths élainfl: scope and spirit of the invention. 12 13 Wat is
clainmed: 1. A nmethod for constructing a mﬁg conprising: (a) positioning an

at | east one x {;ﬁﬁ&%rc%ﬁétﬁ&ﬁﬁg R,?Fgmth HQB armof a robot proxinmate to a

wi g cap; and operating t ect f| xedly attach an at |east one
hair to th ein th thre nsi Qn 0S r1of t he ca
relative tg:Mﬁ%u PE@EWH§E$§t9Q&ﬁ %ﬁgﬁhaﬁ’gﬁﬁﬁﬁ% ¥ 6?pFW@nW8£%% and
wher ei n thé""gé@?é“PFlatl on i s obt ai ned through at least two caneras via a
triangulation technique. 2. A nmethod for constructing a wig conprising: (a)
| ocal i zi ng (bheperdiingsheltffenter todixkdlyastach anatdéastond hpictephewighcapespect to an at
| east one effector attached to a robotic armof a robot; (b) operating the

ef fect or t avHegdin iRMBréehtimahsibied pbsiiieofthe ivig caetativaits tlﬁteﬁ@bmg isaegigtere(dC)

operating tfith £EdiR@NIeF oft e FoDOR attach the at |east one hair retrieved
fromthe hair staging area to a | ocation on the wig cap specified by a

control | erta ﬁélga'{e r%?%auo?nsw&r{éﬁrOugﬁﬂtl‘% \Uihgﬁ}g%% §fa "@J@n dneast one

hair is at cap

2. 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.

3. The method of claim 2 wherein the at least one hair is attached to the wig cap through
a latch hook technique.

4. The method of claim 2 wherein the three-dimensional position of the wig cap is
localized through a video registration technique.

5. The method of claim 4 wherein the position of the wig cap after the video registration
is displayed as an image on a monitor.

6. The method of claim 5 wherein the image is overlaid with a second image.



4. The method of claim2 wherein the three-dinensional position of the wg
cap is localized through a video registration technique. 5. The nethod of
claim4 wherein the position of the wig %bp after the video registration is
di spl ayed as an imge on a nonitor. 6. The nethod of claimb5 wherein the
image is overlaid with a second image. 14 7. The nethod of claim 2 wherein
the three-di nensional position of the wig cap is |ocalized through the use
of an at | east one universal connecter that positions a wig cap holder in a
predefi ned 7. qhakictivd dF.clalihe? Whirlethe thred-aintengionblgiositiontofeheehipanpas further
conpri ses rlBéa?izéJ‘ﬁﬁ‘o&ggech‘; IRCHRM £ MastAeivmBrersd] cot@cREAPFosHonk ladiigcdp Wher ei n

dcl%atg)‘ﬁyi ces are automatically 1nterchangeabl e and
or ro

the nore t lmegq}@agﬁelgegl?g

cooperatively oper otically attaching the at |east one hair to
the wig ca 0. thod f.pr.construgtin W g conprising. (a) registering
the three- 31 gﬁ&e?PgQ%g@ﬂfHHBTSP tbeﬁﬁact@g%‘%wrt‘%n?p&ss %@Pret%a‘éﬁn%t | east one
effector at® alidgvicer ohotic armof a robot with a controller of the
robot; (b) co-localizing at | east one fiduciary marker affixed to a nodel
wi t h posi t i%BAse orethddeof oliim & whereincthe opee than nge tmsechaidabdedeestage ret ri eve at

| east one hatamdtically mt¢rahangsatde amdjcaupemtivélg operabledbr rudpotitedlyedtfacltihg thetad
fixedly attleghohdiaipdo the®sg cqgne hair retrieved fromthe hair staging area
to a location on the wig cap in a position specified by its proximty to the

co- |locali Zlgjm%g,ﬂhga Bhst “E‘ingta %E%‘E‘gﬂﬁﬁ?;i duciary marker. 11. The met hod
e r

of claim 10 ereln the at leaSt o I s attached to the wig cap

through a I(g} 1%rg]is e?i%lé the t‘f)perg:'—gium%hsional 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;

(¢) 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.

11. The method of claim 10 wherein the at least one hair is attached to the wig cap
through a latch hook technique.

12. The method of claim 10 wherein the model is the individual for which the wig is
being constructed.

13. The method of claim 10 wherein the effector further comprises more than one
mechanical device.

14. The method of claim 13 wherein the more than one mechanical devices are
automatically interchangeable and cooperatively operable for robotically attaching hair
to the wig cap.

15. The method of claim 10 wherein the three-dimensional position of the wig cap is
registered through a video registration technique.



12. The method of claim 10 wherein the nodel is the individual for which the
wg is being constructed. 13. The nethod of claim 10 wherein the effector
further conprises nore than one nmechaniléal device. 14. The nethod of claim
13 wherein the nore than one mechani cal devices are automatically

i nt erchangeabl e and cooperatively operable for robotically attaching hair

to the wg cap. 15. The nethod of claim 10 wherein the three-di nensional
position of the wig cap is registered through a video registration

t echni que. 135ThelRethbB@f BRIAQY viterdih ePodRioWde iR Wigldap apestilb@RegRtratifieis 0
cap after ‘ﬂﬁs‘i’.iflgﬁ’eﬂ [=Ts]Y ?éa'[-ﬁh‘le%ha SondipsdHi@yed as a real-tinme inmage on a

noni t or. nmet hod of claim 16 V\herelnthelrragels overlaid with a
second i m ich, re sent.s .t he end user The thod of

cl ai m 17 widr Bisoe et 88 s qi%‘&&% Smagels SerblF e secbhe i B T oct e
const ruct i S?Prﬁfienfsﬁ fhdy usero e wig

18. The method of claim 17 wherein the overlaid second image is used to preplan or
direct the construction of the wig.



