PROCESS AND | NTERMVEDI ATES FOR PREPARI NG ARZOXI FENE
This application clainms the benefit of U S

wee@siledsonal Patent Application No. 60/ 895, 154pCT/UEmd8/055728
March 16, 2007. The present invention relates to a
process and internedi ates for the preparation of
2- (4- nmet hoxyphenyl )-3-[4-[ 2- (| - pi peridinyl)ethoxy] phen
yoxy] benzo[ b] t hi ophene-6-0l. The conpound
2- (4- met hoxyphenyl ) -3-[4-[2- (| pi peridinyl)
ethoxy]phenyoxy]benzo[b]thiophene-6-o| is al so known
as arzoxifene (hereinafter "arzoxifene"). The conpound
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are_described in US P ADBIEQTBber 5,723,474 (herein
"474 patent"). The nethods for preparing arzoxifene,

as described in the '474 patent, use methyl ene

chloride. Methylene chloride is considered to be a

pot enti al occupational carcinogen by the United States
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The invention further provides a process wherein the
hydrochl oride salt of arzoxifene is fornmed. The
w0 poognodsen further provides a process wherei n PEEUS2008/055728
arzoxifene is prepared as Formlll. The invention
further provides a process wherein the arzoxifene is
prepared as Form V. The preferred substituent for each
Rl and Ris -CH2CH3. A preferred enbodi nent is when X
is S and each Rand Ris -CH2CH3. A further preferred
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H2O2, H2SO4, and sul fol ane. Schenme |V Schene |V shows
the coupling of 4-(2-piperidin-I-yl-ethoxy)-phenol to
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for reaction conpletion. Once conplete, quench any
residual oxidant with a 5% aqueous sol ution of sodi um
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m.; 1.5 vol) to the reaction m xture, adjust the

tenperature to 10 0C, and then add water (127.5 ni;

1.5 vol). Adjust the tenperature to 20-250C. Seed the
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ester, charge 12.5 L/kg (5.629 liters) of n-butyl
al cohol followed by 20% (2.34 liters) of the
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allowto settle for 10-15 mnutes or until two phases
have conpl etely separated. Expect a | ower aqueous cut
of approximately half that of the initial
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Charge back fresh n-butanol in 1 volune shots as
needed to increase tenperature and nmai ntai n vol une.
wW@ree/16456t enper at ure and vol une, cool batch t oP@D0£2008/055728

over greater than 2 hours. Confirmthe formation of a
mediumto thick slurry. Reheat batch to 800C and age

for 30 mnutes at 800C. Confirm survival of the seed
material. Slowy cool the batch, over 4 hours, to

-5.00C. Age at -5.00C for greater than 2 hours to
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CuKa source (I=I. 54056 A) operating at 30 kV and 30
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theta with a st sizze, 0 rees,and a sc
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shaddly RS BNd; 35% rel ative hum dity. The x-ray
diffraction pattern confl rrrB that the materi al
roduced is Formll le 5 Al ternate preparation
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§4 nmet hoxy- phenyl ) - | - 0x0- 3- [ 4- ( 2- pi perldln Iyl -
10048 hoﬂl) fofoesesoyp- and: bac avsw&ﬂ%ehz%mmﬂ.wﬂ aaspyrlﬁc

ran‘»%%e@rrwc(ml Ad 2l {8 b3ci@roufid SheBRL)ouhd 80 L w- propyl
“al cohol h stirring and then cool the resultant
sol uti on to -100C. Add 37@6hydroch|or|c acid (6.7
(00487 o Bynsiombifringoifls thesg rulee dipvhidsvelonsd Ai Hiang perthvee
bacl@&dn@@ubtﬁi‘ch@ﬁ wmﬁ hBid% Ly R@ults‘» r.wﬁrnrmlmrges 102 81N @dllows us.
enperature, add Na2S2q 3- 5H2O (6.7 27.0 nmol ) and
to deﬁqlts\/baslr@ow@as@brr@ﬁw o *&l«b l&\do%ftaﬂﬁﬁbidéﬁt seftiwghwithous ther need
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aqueous phase with CH2CI 2 (2x50 nlL). Wash (with
successi ve washes) the conbi ned organi c phase with
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Na2SO , and filter. Renove all the volatiles under
reduced pressure, affordlng 3 4 g9 of the crude product



Col l ect the ethyl acetate phase and evaporate all the
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w0 b@8aessde product as a pal e yell ow vi scous neRE&F/U81008/055728
Add 20 nL of hexane and the mixture is kept at 4C
overni ght, affording the desired product
Di et hyl carbam c acid
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[00MhOH. A Jpesiad hige on BeckgrovndrSebrastian'separ ati on funnel ,
separate the organic layer, and wash the organic |ayer
th f ' .
10084 " WO QefEpi batt filng Mo stoffim ShncBhe e, b Bfiach we
dontt mubkaoolbackgmmlateht 2® tidvieklor om a 'pwtmo@@s stepoWe project
baclg B o d e btone T It B v By BT e S p i o
Thlsog,«eefsmsg:hhlpleﬁafrbahm toheorihwitheths dath dftbryit had baeatpr@jectancshto

e Y5800 06 tsTlos SentiSBEIH 3 & g or T

di et hyl - car bam caci d
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projéctedies Bm\’ergég)%;ﬁrl Jn @k dafi@Pddnhngs &é Q@&%&ﬁcﬁtﬂe real scene,
react or éﬁthe solids will likely ful

y
To qg Bissugesssipllyaye ot it derpe thegxaptdgrs Eﬁ‘a"[“‘éefﬁeg‘re RaEApeIErs
incliR8fe HNGWindh Qxaee rdr fn¥arfebthdt, BEA$OInut mh Rfanhhedff&hbﬁssams

Filter the solution. Charge pre-seed égy
is the ngobgg gn the lensawelops Gmm E@@@ﬂp%@uéwwe@ﬁ tot figure eatcth@real
numBQr \mgﬁmaﬁae LEJIRE bR YT Gk ﬁgggmp@ e@:g!c{ ?ﬁscéeﬂfer-\%;nb m‘?’o&h
3 grans) pure arzoxifene mV. Alow
X asdaeYEi (thos gy thef meas®ee of hgwethe lEoolis tah@hccba@ttbfr IDagE SN

vl fcd B Ao BERY) i gL ey b i i
numbersto“alt tollesaghiandnh pinebor BP02mrhp Lenst SKegaigtbodnX hed Y. Fhis is
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sanple is scanned from4 to 35 degrees in 2-theta with
a step S|ze of O. 009 degrees and a scan tlne of 0.5

S . — o




State Col | ege, PA. SYSTEM AND METHOD FOR TRACKI NG THREE

DI MENSI ONAL OBJECTS CROSS- REFERENCE TO RELATED
WO\RBBNIOATT ON [ 0001J This application clains theChesmsh$ess72s

of U S. Provisional Patent Application No. 60/892, 738,

filed March 2, 2007, the contents of which are hereby

i ncorporated by reference herein. BACKGROUNDOF THE

I NVENTI ON Field of the Invention [0002 1 Enbodi nents

of the invention relate to conputer vision and three
mor€ ivaRBSioQitedmfi3ddke folhge thefRalSErdis thanBes ADATESérRpb@AE fadm

the Related Art [0003] Over the past twenty years many
centzppf thejisptiedht &8t echni ques have been devel oped in the

field of computer vision to try to reconstruct,

[0035] Qi t i Z8teprhe! WaCHhoMhe ¢S al dhea@rbo@‘liepa‘ituﬁhaddet@whmﬁ 30
is the rgfonstructlon of objects fromnmulti

images, fera defesgnt poglss. Sbe pyska ?%6%“% ﬁw&enchsfqu‘masdsc?ap &gtlres
out T3 ifiteksBEIAI FHUR of ¥RisqHrésYor MK B8ard SEhi® feadesIRe VRkdATEWRE 30
voxel s which are carved using the 2D outline i nmages -
setsfaf gaing-dirgmribesgipeipoit nses, wethpublished g afitiemh toscalradate all lens
ardddi&stively used to generate voxel volunes that
represent the general 3D shape of the object being
reconstructed. [0004] Several algorithns have been
[0030hbI | sh&wpftye. Qe wedirye figwred autdensipaeameressiwe nead (p calfbsate
the @&Q&BJ &f tthaM@{aE' e@NEk thie 5 larA’QF rboard’ %&“ﬂ%tct 'ucin the
descri ptions of objects F om MU e views," |EEE
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mpi B Sty e aue Ao RR Sy ARE TR DY i Bies g pEigoro
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der st andi.n pp. 23-32, July 1993;
°a‘“§ﬁ‘8 'ﬁ}@“vﬂup@?ﬁ‘g'* ﬁdﬁ%‘%‘ta"grﬁ%"e%ég Nodel i ng of 3D
Nat ural Cbj ects from Multi ple Views", Proceedings .
[0057) magWeaksh placdabe Bsad es Sﬂm@)dﬂand hMel one2ath8i, gepthe position

388-397, (1994 The onten the e do nts are
relafyi g PoTED LU A8 TH GRFB FLTLE SR FHRBBUS T Fidlagr
bec@ﬁ&rtﬂam Votigoirtt @ f SRl 9¢sn §;J%ee @:Ecpmle & vebtoR(coming out of

unetric sgace repr esent ation. The nbst common of

the X’ﬂ@gb bFcoFiee B Zat TS SISe tEyeRYuEIe dBovs 8IS EsiptivE mogjtign
betwedh iQfnd 40§ |o§1eP§an§’ér§ fe @huferd iUfR canlhtRr sk 4R thrd Wl 2R hé
predeterm ned so that the object can be contained b
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r led. 00
camefs PET 5 b Bhf e AL BoERE QARM: pQlRE b e
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for Adénkahem ®hatidoShe mmgml peinf. FUGn 3I\Ahlotvs plview mitgersnmfs cameras'
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OfﬂfgggT' eqTEﬁ%T% The contents of these documents are

her eby i ncorporated by reference herein. [0007) The
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one of performance and flexibility. By predefining a
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representing a 100x100x100 | ow resol ution grid. Many

t echni ques have been devel oped to try to




optim ze this approach using space subdivisions and

ot her optim zations. These techni ques have hel ped but
whaone/ 100567 nade a voxel based approach a real tPEEUS2008/055728

practicality. US Patent No. 7,327,362 describes one

such approach. The contents of this patent is hereby

i ncorporated by reference herein. [0008] After inage

reconstruction using the above techni ques, researchers
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breakflodghaédhhidged: Ve Qb R6& thedd Ahafs8} Bitto LOXRIfadis] TS plagst the
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a mbavgagﬁuo this pbjeéiionl dpk@ WetHT ARGEn&GEIMANLE fayk Ve ldottiis
1 ke parts throurghout and in which; [0016] FIG 1
in "tFefS’i“@‘r"ﬁ‘cGW‘t/)l afia ferestonab & Xure fives neablacklstouches G Riks! g the
surfﬁd@eofStH@Jsﬁ&t we liftQdnféne ! @um%r g9 RE 108 b‘ﬁ' AR aMdRNE by RANRNY
ckground subtraction information; [0018] FIG 3
dnff@e proax the yackgerupdvif @phsfend Rfproiesting gl icageras opigythyg slice we
calibration board; [0019J FIG 4 depicts a 3D view on’
ri ght show ng a 2D polygon after all canmera data has
been projected on it (in this case the l|ocation of the
Pol ygon is offering a cross section of the floor along
the Iength of the subj ects feet) [0020[ FKS 5 shows



[0021] FIG 6 depicts initial matching of a skeletal

figure to the data generated by evaluating the 2D
w@oeioggass7 [ 0022 FIG 7 shows 2D pol ygons af t BCT/US2008/055728

texture data has been projected onto them [0023J) FIG

8: depicts a close up of an arm being tracked using 2D

pol ygons in | ocal coordinate space; [0024] FIG 9

shows how a texture can be projected onto a 2D

pol ygon; [0025J FI G 10 depicts another viewpoint of

couﬁthﬂleplhﬁhhlﬁﬁtnﬁdn&@m&iﬁ e1ff th@Melhe®.th® nuB&26% c&th&as 1hve have
a layout depicting howthe real world relates to

pfOJacte# gartsame db&‘ﬁlYHeﬁﬁanWrb@ﬁ%rvsé<n9@| thatdhere is,qqtyalfy)a solid

objdef ﬂi @l@ts?z( 1of RO el. AR sokid éﬁ)tb@\ﬁ% h@ﬂife&ﬁw MRARBGR: i m the
calib ion is setup; [002 3 shows a virtual

real prag)deat tthay gxact daeatiost. Wﬁv@r@@mm golams;laeqam}e@@nsmﬁsa 3D

ek S o B S5 RTLE U o] S
to bhmwnsxlmthes:ep@sﬁ}t gomeglall gealkross eedtioas thdasnesy oF can visually see.
the ﬁgr?gn[aﬁgne né,)tzi?ll tpg rea[ 2?)2(? %@%@r grg t%lsége%snl t oqogtﬂf&m@aﬂbﬁe

mors klices wanat ylslnmrcpnecnbethusremlg,ettmc@hesm nat e confusion | n
conpl ex scenes; [0032] FIG 17 shows how "end caps”

r I et ure bein
wﬂ@ac rk@g)o 1 8§§ h%(& ggmlgcin g ¥ Fhe l%l\yvagg%a yc’é‘tea u|%n°naafl1
pol)@oenﬁl(]a@ shywb ﬂm sa{rﬁ@ﬁﬂérsd‘ehﬁil inl 9 diffoeva veayt ly;ptakﬂig a/cldsfm

0 ord nce wth enmbodi nents
tooff GTTRE PRV i GBS B B ¢ B s 00 BOR P ae b SRRt
the EifshtHr@) B6fet®© dSt ﬁBInOevaxyZ;E?oﬁ&loy ﬁpmeet[@@?eﬁﬂgﬂttspbtsoﬁ ﬂhekéﬁce
under st ood that the above-nentioned draw ng fig

Alsgy pate she; dotgd glicss o e B pistures {29041 ey 15 g5 Wg ideg ef what the

slicERBRBMok IRE iftiDGaPpBRBRE bhdRiRRIhOANRRA. MY not be to
scale, and are certainly not intended to be limting
in terns. of the range, of si bl s and

190980 o p ol tIg YR POV £ ?ﬁe*?lg%,)&ﬁécw BHihFRgh SPase and

offekEVisWeitd 1A reaPRIAd abnDeahEth Ak @Nn{n@OQ’Z]catTh@w gbiPie a
used, in accordance with enbodi nents of the invention,

slicg growysestigntof Hieaeal vnsld by Phasmersuehdpelzgon intodhy vipwalisgace. An

I cotal

anang%{ wth@@ggégﬁ? gx datd f_tdn? hg é\)ékgxgg(br? 30% F@ﬁ et §1§g%§86ghbtﬁg

crosggedtigh A réﬂm!wmlamrbmys(ngt@ewmi @sasuvmodlfferedtste@m:qne@dve agirtlis

sam@cflsl B BEICBARE ARnU 0E habR (B'shEALAL uRIRUD e Ut

g P y

area Interest 1n a way e nmaxi mun nunbe

get the Opeirds pemburv of the[soceﬂ,al]angr h'eh \hectextﬁldaactqmlsi (ticonal video i 1mave

b r on FIG 18. Miltiple caneras

of t eusgé%']s a? 8505 seﬁ'o l) conmputer either via Firewire
Cabl e [1802] Et hernet I P, via Anal og cable or any

(0065 her Wbp Y saspetiat@ithbtfers greatn frementheripdblished tuCBniqmaSexﬁ

volume?nc reFQnsgucqga%rsfﬁé[%?u %pl% énzltm:/e\ggusg%(r:fgs v 1:1"1803 rtanp w%)é
that function using the | EEE 1394a fi revvl re st andar d.

[0046h gehektas reselytionyjpdepghdintelfe clatiteof the elidsgaddemunediyy the

e
reso\'f/llﬁl‘ég 8?3&5 tsglq%eaog’ B}e sllge?eK}élpe we Q!%%’Meha% Bb%)l%%zﬁg wfctan chose.
the propgO4es. oflth slige DisnvieallyhBfe dan alnsst evhetetsad i b odiastatiérothe

h " h
stio KA "Wa P cfaclbie PR R B T ssprepoll i et et
acroby oC £88).NWe ldan ichdde i yesolGiRbh Menidrii)s 201 8e] madths PO

ur S ard .Dir. ctXc abl .e consuper
pixeits i & fod:d oty AL ARt o Bt PR e e Fane i i gprid
insid @A SDBvirt(Ypré)Scioh Yy fiem SihBdidiaN@smih)yal 6% @s & 60 ymedlling
the video data and DVA transfer it to a Hard Di sk

Array [1806] for later retrieval. The purpose of usi ng
100% DVA transfers is to free up



the CPU of the host conputer for other tasks. This
nmet hod of image transfer allows us to nove all video
W@l 2108/10956D pl ace using only about 1% of CPU cyRCEES2008/055728
[0041 ] FIG 11 shows a diagramof how to position
caneras around a subject or scan area. FIG 1 shows a
snapshot of our software show ng the 6 of the typica
video feeds that feed into the host conputer when a
subjects stands in a setup described in FIG 11.
venyl BfAhntSWaPcad  noRaddetieWnntle ByhiHaaGle Red td ORI carpfulls iaR@
bl ack and white caneras: Wwen we use black and white
what, pafisr efsORIRSIS A8 NRhaRHPROF@N Kt Kigredsmer raskiisdhugaan) motion for
instdridP Will¥n ﬁubtwacah IROcHebt ey & wéat BAL 156100 hen ta@qur 185D & the
I'n our case the active background consists of
finggracidl the syhiget Hyr apidiag | 2 gexe dasadr am@mbstoaanortseuctwn we
I r £
comgf% l)‘?\ﬁfngeh%E ?Jokﬁ ttztb‘]/e Irgg:l:{g%ﬁodﬁﬁ%/n%?%ﬁrﬁ% ntﬂgtta?ég %rt.
of nektgasearchadf thecfidld.e strlpes on clothing or even in paint
on streets. If shining a light on this material it
fl Al b tyGame
100G7F v i Rbee 3 3ide8 ehhua P AL Plbcrss il i
GPuf deelgherfOI ttllrfelatesgrhtanlr\edemr garmgg trarkeh & hasateehraqueedlioy's tuk éo
. back und appgar _to |OM/ The i d eh
aireg i it B e R B ers “sedeipii, <05l BF ko SRu AR IrE
araphfcs iamﬁg&ieofgamhﬁ ad bgmeposeitiem ﬁae odanéeds Rrhj&t:tutgl‘rextures is a
. back und. Two. ne%hods can theE be used to.subhract,'
2 RATES RO RIS B OER PR Enast [ LSO STR QU R ek oe
prggyﬁédkr&hﬂﬁhgﬁﬂhlyfhnd eBE MinNYcMplétbly devgRhy. Mhic Gagliviel RARve
of the setup. In one case we sinply clip the i mage at

hardavagfp@rerrra&dmrmﬁﬂmé§geer'@8érp ferlctr"fla |"§’ec‘ﬁs‘<9°\/9é eyeyl, 14095 of
nmee\fagrey gy ggg@(t approdehdsght er than a specific threshold
bel ongs to the background In the FIG 2 thls
background is replaced with black to he | ust r at e.
10068k ot %ia e iiyery dast- 6‘?&%0 nigpesgfpqiign Ba&’kfg‘jr‘%gfﬁ ‘f‘g? loy|ru. kP
to ofEiIMGH drResCATEY A& hn (f publiged t&hﬁxﬁﬁ&ﬁ@ Bfigdsheh. of the
background and then do a pixel per pixel subtraction

of the background and foregroun mage. W then
[006%he ehs dhg fErapus frsolyfion frehuipys ¢! gaseu ‘Pr?&b‘é"%\ﬁdmt?ﬁ‘ﬁbg‘lﬁh

resoﬁm%ﬁ%flb ﬁostsmt.ﬁfvh@'a%xéf 'bﬁse’dd@?roﬁ&f Qvd @ IcBﬁ*} rudl 26206 times
that differ nore than a specific anoun bet ween

the regpletinned published HaCRYIeRNRE Ay wxprBesielt y part of the
foreground. The resulting subtracting |ooks simlar to

(00704 | PR Nth SIQRACK PeRAIB B imAeNieBbhsirBétRASI XreVadle® s his.
in option one) By using active backgrounds we

sliceopppipacht © v meagy tothey PrRblemagE EMEAt Y P At Higve diegn
preu.cmsry%wée% e Baneas bhn@FPRMkd binghtibRAUGhg SRR an

as the subject noves in the scene. The backlTghting
for wistangeneffestively tuegk Hegurgnand lsepgp wectiomHdesgribesdlaten) Higther 2D

' 0 S afye theref
dorml o RGP B Ppbfyd i 0D RO 4P SeBplf St PN Hherefone
effegmehrageeéopmageemoenssiuodt théreoss o3 [2 onage[pda4ing teghniggiengVe

o 0 gF AT I VB S By AP Y o PR

enwaamenof col or caneras we take a snapshot of the

background (i.e. without the subject in the scan area)
d f i | OF -
oA, O ST T, TR, B8 e

scalzibm: efyspuerdl canld tepsetup ltsl'mg rhmbt snrenyandhesireds @0 48ineras and
f h h
evernd DR SDEEKNT e By b7 g AR b SR Bt 98 b

b. If the foreground pi xel is darker than t he
background pixel it may be a foreground pixel or it
coul d be a background pixel that has a shadow on it.
Shadows tend to have the sane hue value as the col or
they are affecting. In this case we do a second check
to see |f t he hue vaIue of the foreground |s srntlar

e N .



[0047] ¢ . If the foreground differs fromthe
background in hue value even if saturation and
WO 09BNees6E are the sane then we clip and nmake PEEURINE 55728

a foreground. [0048] d. If foreground and background
differ in saturation beyond a specific range then we

also clip and call the background the foreground.

[ 0049] By conmbining all these rules we have devel oped

a strong per-pixel background subtraction which hol ds

to itAsaEdd its ositiod i tHeGpadeamigie svolld allowaeN@e abilitydlol AWR alsrge
to do solid backqw;und subtraction in both indoor an

faciiyrydorrmersppd gack ghigriravet vast aedtsradsPasetiedi cat ed
studio setting. In addition to the per pixe

[0072bt r e 50D LieeBri@ysisTasiit@aned we al so may use region

based techni ques that |ook at changes in gradients in

ckground ve es foregrqund. In so
100 F8]e " PAT SnyEie Aoy e ave BelhiarRerpeti oh BepRORs R
techlﬂﬁﬁaéIU§ ehel 4bilteSo Skdtk [with tlveritionall iege tpRodekithDREKGH R REd
But . since .adj acent pixels differ in gradient (such as

thergpflsgt trlearrrqortbwf)t%maar Kb Airg 5i58.9Y 4 wseds fatart %me%setfws@ﬁ

ﬁndfanrtﬁQﬁ@ Eﬂfi ARGbRAGK géfﬂiéﬂ 43 a E‘Shti‘ﬁﬁ&s'@é‘s@ s&d?i%n df arenm p1aRe.
pixel 1s in fact not a background pi xel

We F@b@em b&h&b@mewge haye éselatesddndivigud Slabss WswePhysyatiousublished
C ated ) o '

2D S8 MR ARRHAC S UGhERR Mol f SRR PR ah eftfd R

blo. Abisegives uaas XopmidfY pesmionpatieaf therrsetehpaintaf thehelok,yas wsthas

an %{nﬂ Ytarlﬁlhu%ft ?(ro’%‘ﬂ%'nfﬂhgrt%gfnttg "é"hf]f'q“ﬁete haye Sng:orveg TRy Qaca

to rido2D daec&smgqmeshoaasysremndmme\aé niokeefrovawew @D daga i @able

%g ti.on hod geldescribe IE%Er in this docunent.
veclPrEHaTY oIS = ALelToR G BT BOREOEHt r act | o
[ 0052] We descri be background subtraction in concept

[00711¢r e. ]nlth‘e IR stappne@laanhalwethd@ﬁ'vbctsudim:r aitdebiae kg B D pnet®rtas
evel in.a pre-pro ste j

by $paigr BscePr it e BECHEN R R i acsiip I HRbion ape

oriehfagon biihe s(ies ticesslidmdofié sivde. asWHllqugtsV@Sl M@’ld:ﬁfmlFeérﬁ

freedomto the data after it
this jr¢, faéb?%‘de%mﬁ“op‘t‘\#e&é’ti’%Bloyﬁ ah theotlliRgeite e’sﬁ‘?21 (cagrda@geé AP e
workE5 2 (1.4 AR33MinRdeR rdlatitE RS thl Stk o oR 1K ABHEEAibration,
callbratlon [ 0054] The | enses on video caneras
boag) st ort images. This is seen nost clearly when | ooking
dirough a f sheye or wide angle |lens. Straight |ines
[(0075}Ve R thi€RAPREIhal @ g&ileFa(@l B Qabist dalROFRGEHE Svorld@bject in just a
successful ly reconst r uct obj ects that are seen by the
few supple 88PSne need to un-distort these i mages and
conpensate for the image shifts introduced by the

|oo1mt | CRIG. PIsROWS bur@§sterh wihea $iRd18 slicePlated bt the f&eabf the subject
n@gnsate for these distortions can projected |i
at ﬂ@@h

?‘g gh@pg}bg]q Wo‘ieﬁnqnhtéclarpcgrpi gfsca%qqu%lgvev\f@und the foot'
prinks® GRMIRE fufdce e tﬂeﬁahlﬁpﬁ&ﬁ'ﬁ@ abgh@ rﬂ&ltkhécﬁelﬁb‘&cﬁﬁﬁr% tchyique
must firs derlve t he exact | ens paraneters
Thepeedagressey sndrk dhe) gentemgoints| lothienepiedtsc ae t the glicgse dihe two 2
dlmgﬁ%td} %198@% otﬂﬂfI Bfcelod tﬁ@gctée?x(swmx ?:h!u‘%?itbr@?éf tht iR dhat
he nunber on 'ens such ocal point but we
lS"néeaDnuNflgure out the real nunber whi ch may be around
6.023 1 mm for exanple. Exact |lens center-point in

[oomth g{%@q\dg{déﬁg{éu&e the nmeasure of howthe lens is
t ache e |1 mage sensor. Manufacturers place the

Ie ns in the center of the inmge seEsor_but we need to

[0078) 0w THs 1§ bawnredetess pfuman rhée%t Wk ORE the SRICe or
0.002nm . Lens Skew in both X and Y. This is the val ue
for which the canmera lens is not nmounted straight on
the canera. We use twonore values to acconmodate for
how t he focal |ength changes at different points from
center of the lens to the edges. [0055] Step one: W
shomrthe Iens a checkerboard pattern and take about 30

o o r o rer ___a — T I




the |l ocation of the caneras. Here we take a | arger
checkerboard and place it in the center of the scene.

wWEr@BAt0Seher a t hat can vi ew the checkerboard tBKBEES208/055728

pi cture and detects the checkers and the points.

Al t hough we use published nethods to derive canera
positions relative to the board, we have devised a
technique that allows us to i nprove on accuracy here.
We continuously take pictures by all caneras (100 or

[007T9pr €)a. ARk f)lﬁ&na TS ®xx&hmopﬁndo%ktfbpﬂﬁitstépel Wel @nahé pg
bet ween al caneras based on each caneras rel ative

analygjag theghice and pelogkiae dor ‘blgbs™ prth theprpperfigralat mayede the gize
of fdk AERe i@ thapk& on the floor and have one canera get
the position relative to the board on the floor The
top |l eft checker on the checkerboard on the
w“%con‘%s Plagganethen gliog iepgnehes digher. dheserige @s&nklgﬁaé we éﬁe
therh D@ deRr¥RE Whar difRTbM the PefsoR i thélRe IPRRIHS op@xﬁ FERR Fenti 1S fke
vector. Since every canmera knows the relative position
awaly dropetdp anklesand every ot her canera the camera that can
best see the board will orient the grid of caneras
[0081§! atd VRiekQvd NBceOl 11 Bt 1Rgé ﬂﬁp,'eﬂesb&Iﬂeﬁ@ﬁéltghtOWe%e a few
orientation. Now every canera's position I's known
slicgsarqund vlee head toHey @@mnwtmlgrght %i) 1ppersothe accuracy of
the canera grid to the origin point is not as
[00827POT d e ARIh¥EriGRatfoRio? thdBoBP by oking B?th@ ﬁ%& 8f thBWrso.
the relative p03|t|on of caneras to éach use
over one hundred sanp ther inprove this

100833 i iy t¥feloglk &ﬁ&&rﬂaﬂaewlaf% ﬁ“°§ﬁ an pithepvidm gt @aPP%r il

fromthe cal cul ati on. W have found that we achi eve a

[008HY - NWhbd ARTBEse X¥E dhos bh@ﬂ@'caﬁc‘&%ﬂﬁﬁé WA aEMBK Megree of
canera relative to the orig point. FIG 3 shows a

certgingyihat e, lopkipg at téahwflasshape F’WéPF%ﬁ@%?Sec‘h SEapBicsamplg of

this PSR eeSingNGAs. | mage reconstruction via projections
onto 2D surfaces. [0059] One we have subtracted
backgr ounds and have gai ned the know edge of every

10085} ey n and | ens properties we are
ready to |nplenent one of ourbreakthrough techni ques:

[00884 CaOndqer¢ &l thd\@ei“sMGL Sarfpling” Zéahslqné a&esavemzemmed
project the video onto surfaces we enp a technj que

W“%ﬁwmeyﬂmgtédhqt rvestse deoking de ‘E‘B“%‘r%‘f’léé't Wg maYsURiojthe st

phaseC &0& em TJyeaemarc@ur@aaémbsled o phyzhedidife hRhausat Usede
to project shadows ht sources or even video

kinegiatigs. Y ply, 19Hies t@%ts&v@sﬁbmﬂgmer@'@m lgse vdysesneg think the
armd,18A&, h%mhqy&%re W@Jn\ﬂ%ﬂy dEhferthicge %ﬁesU\éft:%Jag 481l fit
coordinates of the 2D slice being rendered to readd the
mwtt@mree smpmgofph@flbmee af theslieagrwechiye plaped intodthe ﬁl@cbe\i\’ Ky
t S
Steppir gl,shfv %@he%[?} ,ﬁb&’eﬁ 9(1 ﬁ%gﬁ ﬁesﬁﬂltvg(?rmq f;ﬂﬁa shgW§
our Fh:eerﬁ csbqumgmgwbraocdull ono ghwé@ dicg (fmmebfadkgr dumiate ahls-
techli'“tzgﬁeart: [0060] Mark Segal and Carl Korobkin and Rol f
‘Wdenfelt and Ji m Foran and Paul Haeberli, "Fast
shadows and lighting effects using texture napping,"
[0083)] GGRxenB. Adedelifrackingph. , vol . 26, no. 2, 1992, issn.
0097- 8930}, pp. 249-252. The contents of this docunent
{ooég? h%%@e}é g € ﬁ&xﬁ%f?&ﬁ%e@xaxﬁﬁﬁ 6f ARG H El?c%?bfkir 10 1H9G8Y Doll.
anal ogy, e conputer Is basic
Fro:sithrm;bcamtl afgiew efabe BagPell {andsio Ibngen frod the gis»bdtrc%renmponu)
0, PER r
we pHETJRAE o SBPO Ry, E The AR A MERL 1o HE DEIRIA e
oriettagonsniMyecatcoet dlkecenwr phintshandlfeaukegow sireddisaregecy bﬂtweﬁrmae
3D space for each of the caneras. The idea here is
that every canera projects a video feed into the exact
direction and fromthe exact position of the actual
camera with the exact |ens properties of the actua
canera. In effect we are reversing what i s happening
|n t he real morld In t he real morld Ilght fron1a|

- L, . I T T - .



[0062) FIG 19 offers a side by side conparison
between the real world and the digital domain. The
WO dasaowsbhbud” represents a theoretical space iPCT/H82008/055728

digital domain. Al data is available and ready to
represent the real world, but only by placing a

pol ygon into this space do we actually project the

video data onto a surface. By placing a 2D pol ygon

into this projection space we can catch these

ellipsé bl @dd rtl@éfsonev&ncte WB'tﬁeri appwhrée@,ltb QKé RB¥YEE allofy de
foreground texture .e. non-black) touches a pixel on

modeh© yheraparosfmats, Lhesﬂoween fEthe ﬁ&%ﬂ%l TouHieranyesie
anin®dte B ﬁ&n@oﬂr@ﬁ%al@’ fWGll&»h thd rédl fvfo@lﬁsthﬁanvﬂé?g the Human
background. If at the end of projecting all cameras

becagmasothe Hiuppes| ingserninsothet Ragh ®oH uarsaime which dplkawnths, mpgters

t |N -1 :
ik 8 B9 e 1 JUBLE s BTONR e Y SRR
prodess: Ab¢ sui:ijécy maves) thedambjae odcordrantimpdsp thegrgtctions ﬁleplpmgéct
mtoTtrl]]'e 33 Oskx' 3atpc%n tel:lhac{\ q?anr I%O(I:]at plg'ce:gl ?Oés Qrogx?é elt%t lécBes aﬂg
con‘p_ﬁdey (113) posdmmteahé pos&anmfshaf eltipsea tl&Da&@nerateﬁt Fdrcaslase then

mlar to stem wh ce
sooiGidouf¥ Rpd PRl ot earbek Bl Bie R LRE e G e
centbN6f the 168 se@ivhi oF it slibé thatvayeprderting thd @haubj¢ctsee. the
person standing in the real word reappear on the

lic n the it re slices we use
10083}, ﬁ@l”&sﬁf ‘g‘%g‘f‘ﬁé’ ‘V?Fé‘d@cgée%‘beé%f %8531 FIc 14
illustrates howtvvo points in the video data may |ine
[0091)9) onnerfpahyg betweét ijeét@ Bluowse: twihen satking ot ems eoeté Gna
a. different way, é ‘Fkl’ (g, 3 cl oser. | ook of SH‘?B
probifiRRAEn s O EIasclor o (i byt Ae Soriepaipiaa sppacut bl oae
belohging tt(hﬂh*e cids Btibn 6f thé Ben ﬁri(gchfﬁ t@%cﬁﬁs@ké&bﬁ oPihk bsapm 50
every p ector t et at the ri ot an t
closg s &hdy Aga mopee i dbtHen beraressaagh q ﬁ@m?tb"wéwr@gw
beloﬂm@@@ﬂ&ne WRayIve i€ prsblentl dﬁuﬂﬁ Weatagtdl Sld GRcMRY ol QK
if it was projecte into the caneras. [0064]
sxfuthn% igce\thg Rag @Oﬂcﬁ P@singavertime zvhslw@e)waéfthee@@i RREYOP IS
movitd g, Qg%aﬁ H{aQé‘ aSRAPFoR T Bk RAE DA cldbefWesehibid thd\Ral B
hat e cameras are firmng. can now
In tg@ﬁe{reathe wo bayles qee @logssngmbt foobe Ofouciring’t deh woehgldyya
mecButh Bk SHEIIE PHKRBR 1 kod 56, AL UBL uAPRRSerwin
large ane @ma)abedohmeht base ug'th anharmcthatsis tewedbdeahe bédyt KEG hLﬁnﬁm
deta?o%){ncé e kngpvg{gé dlérég&%r % tg%ardﬂ afl ! Ceg dﬂl‘?lgt & fp r‘]j:ngF gb%(f\é\ﬁlé)q %?
the bdalyewd cansieakel ansasskasrhdre thao che. sl tsmhmﬂ qhe gat rdshdes euhi e
C tou f t slice alon out si.de .t ext ure
araiRg O e Ber TFinatr b pROTR i A e By §pefiasBod sins
fron€tREMgI6ttiedind {rOAibgd bWakdd\en dfthSrakimppoaedl ? |t
differs greatly from other publ I shed techni ques of

oo T e RS el g Bl BRTEL A end
of broesz Qatts Inmudendleﬂ&mdﬁl’fbet difdehaad aEnd apd niake sadei that W@ are
det erm the, resol utio t he, surface of the
stefing ey 5% B 18 o ueaniisr B gore e Hndhefopiandirad ino
posifiBiOS@ Habe€ adhiiee lekda€ molél hitchisd IRG. dy NRFapF) live sae Madel

chose where and at what orientation the slice is

awagg gehwifue\ig epdiRARS RS 4 thRHPLE VIoYSSSFLQR, Hi Qpe dyagdymoyves to close to

anoth&Rfafd fR%gjuld ou® forbe% th preQ& oﬂ?ﬁéﬁﬂ Rl GRS M TR othée
can chose the resolution (i.e. is this %D slice made
up of 10x10 pixels or is it 1000x1000) Thi s dynam c
ability to "l ook"™ and "exam ne" the real world inside
our 3D virtual projection system (the digital domain)
all ows us to do sonethingvery inportant: W can now
decide on the fly what we need to | ook at carefully
and what parts of Obj ects are not as |n'portant In t he

S Y a o o, - o -



graphi cs and video gam ng and repurpose them for our
needs. Projecting textures is a big part of making

WO 2@htio9se7 i n vi deo ganes nore realistic. Usi ngpOIIUS2008/055728
slice technique we piggyback on this ability and use
it in a conmpletely new way. This way we achi eve
har dwar e accel erated projections speedi ng up rendering
time to 100 or even 1000s of tines faster than CPU
based approaches. |0068] 3. It is very fast. The

nggchnSaﬁgsUggg@p&hgn capture descri bed below run up to
one mlITiton tines faster then many publi shed

techni ques .in s domajn 006 . e dynpani c
100931 ¢o) 8 msﬁﬂq"éeﬁm Oh‘h anepl 'aﬁéeagaqg%ma%%? e oafp slices is

the hnblgmsugeeaplmaglegfbcmm tbéhnRRESHPIB mbldélh @ voxel based
approach W typical Iy run at 200 tinmes the resolution

i she ste nin voxel 007
lOO%Jl | "V M ﬂlﬁ’ﬁ t"aatggﬂeq"& afs%mﬁ@aa ouf &”@ngf’b &Etﬂ% &% vaéoss
sect®ng oBBhSsIkSs WS Barf Mh S 8¢dndGadPBrOmfehthé PosHInVsY JWRAddel. By

ot her problens in conputer vision that have been

ana\yr—r@&.tbmglrrfﬂcg dexpes Pﬁtl{eﬁeo@b“t?di‘?ﬂ|fﬁméﬁ!itpoﬁ’89“ ithe R Dol o
maiEl) IR ASHPR nbiehNGrkl | ces e can for instance
effectively track textures and cross section
%ﬂescrlbed Iater) in the 2D domain and then
[0025}t 1 abJene dt kovt K@iorks3D position in a second step. W
therefore effectively get 3D inage processing at the
[00%6)St Wher khd RBRYDONTiOGE Sy dodeGsibRifiky Emd PibitigRlof ke actual
repurpose many 2D image techni ques that never worked
Persef fsclan \pacy ﬂwe% HIOt SDFTEpRSCFEeHE as sugaceisectpns. For example
we SEANARIA dicY on Bl LR ot ARRLOTHELGRNE BEIY icb RSRfbrfihed
[i'ces 1s very sca . A system coul d be setup using
by ﬂmwmsemeté@ds tlmorommrlws sbtfwnoarrm dle quitinepéithe chest it is
mtek@ng ghltaémcﬁlwe mQVOtHég sﬁ&. 1@]\(1 pé ﬁ)?llrlgmte{ﬁf' we can
ri caner as evan it
detqommetand render tlhetcsphpmecflékhtsxww Lﬂoain alHlfmd/ dfahe bése positioned
{ ut f,i t n
canftrplelif0 0P bscsr®ir b I8 B Syt o PBRHE54 1
“lodk” aBDrek gy ef the Bbdysream alre \88&00&9: {aﬂ@?a’ﬁ]: thRse stizeg albavednd the

bodg A give Biiniel irersae SRokDET e bl yest AToR iRbSEREY we can

nowC Qlﬁh\lﬁdt ¢a0N@D bIRIEhdPIrakems i igvehRaGNBf Gieckxand théaklves to
g} 4hen1|nto the 3D domain. The first step we use
gen rgteta gHeeresi9f 8¢UEY hat we find on the 2D slice. An
object is deflned as a continuous cross-section on the
[0024D pl BAGasdé fiilthe RAGNDOI abSthe QraRduwe ohalwe slico(ial adlipse
i.ndi vidual blobs we apply various published 2D curve
pogPPPTS%g al gorithms. A conmon technique we use is to
“"fit" an ellipse to the blob. This gives us an X and Y
[oosmls: tirﬂnpasal-uﬁmgfthet Reg Defitie rrraq@eﬁ fidto Oferyt heselobrjobi,mi@zsof the
we s an X and Y r an rotati angle. In |
posific of Ry Sileincl e b Bace Sish Sraihe 35Tk ok e iger Bhaar
offetl§é 1@ D fexturdsCHF tﬁe/ehlep‘eramdwer&n e (FHRN @iksé teRfirdsay/ fidrther
data to usabl e vector data ly fitting a 2D
impEVe | the @OFIHOHEG of aNE Bﬁe@%loﬁﬁf sF'G{TgoarA] FIG, & fs g¥agples of

projedtRR Wurkd&No tidke the 2D vector data and derive its 3D
properties by applying the properties of the slice to
it. W take into_account the position and orientation

(009} ¢ e 9. dexturabragking) ytjon of the slice as well as
its real world size. Fromthis we can convert the

|00m01<e| WXenipd®y piutiabedofectirtiques |of itgdre trackiie oa@Diswrédces Hon

world s .e. inmllineters relative to,t
eaclL g fF SRS F “iniRgef PbIREaI HIRITFISE 6% G FoiPs Ty
this way we have generated 3D vector data of a rea
worl d object in just a few sinple steps. [0076] FIG 4
shows our systemwith a single slice placed at the
feet of the subject at floor |evel. Through the
prOJectlon technlques descrlbed above we found the

g, o - T AZ 2 1



isin the 3D view [0077J Step 6. Mddel Detection.
[0078] This is how we detect a human shape that wal ks
WO p108/1095¢7 space: [ 0079] a. We place a Slice on P¢EUS1008055728

and | ook for footsteps. We do this by analyzing the

slice and by |ooking for "blobs" wth the properties

that nmay be the size of feet. If we find them we:

[00801 . Place another slice a few inches higher.

These are the ankles. If we find them we determ ne

the é’éﬁtﬁtshgé £196d $t80of A€ aRBlafiONsdqhiedcaciva %enﬁ%@nﬁln@ %y thaf Reand
feet tend to face away fromthe ankles. [0081

]
Y vilag thejwopestaees gliffgriie ogition proby Mhpt anglredey hmve w&mﬂ The
umc{a@ @R of th Ytégretége tﬁatfmaﬁlth&,eee HiQIDK tk@y%aqngng dhta ¥and
0 pi npoi n hei ght of the person.
calclargdtst3hepasitionnn atuploﬂleofayt\wednbm tbeyelllpﬁ@ku\ﬁg taést: tlteh@smon

and SPERGAS of BE 04 R SO hpie Y6 AOKRAL oF BB R1iieflyy

chargel int3De SWe tuees thic bffek wadd \ﬁﬁcesan tﬁetReg rfbo’nlewv\fuhhenarehng fits
degree of cert

posibf e eRong Gt AHeF od it Bt B Eipn SRRl Pin € P B

that W& ®BRNe h Reryltigh SegrdeQTRbJurdslyapat Excebbisithht dfbdvelnimatket based

008 Once we ove rt. sanpling”
mot 86&?1‘]"&?&%5‘%1}1%1“%‘55§me9&)syé‘i’ﬂ?if‘ﬁ%€f‘% KW BYYh estimate
that we are | ooking at a human subject we nove into
[00KOhE NMEIGt Spind G, Ve secmalhoyr we cagplded h ngesdsr&mtllmaaedt @the

sjcs, joints, s apd.inverse ki nena
modR YRS e it e B e PSP 1t MORE0 TS Biois i G
is shoRntifkelo IS WEdaw 1B the NaWéi Jeft ERad A0 imBRds. are. e
|n|t|aIIy assunme that the "bones" of the rag doll fit
} o the center sections of the ellipses of the slices
lOOVE ha¥&"B"aBed into the space. Wth step 7 we have
roughly matched a nodel to the 3D data of the rea
[00M0] | By pldfectig M@NIDOslices YAD @ivlyR U MW dThae m@:@eﬂ aagmajor

b aﬁ@'a'wﬁhmo the 2D sli ge“frarrevvork ta il ustratg

re Jh&EOMPRIERYiFI08: & igWs HB&%FPPFP’HE‘Qten‘EEa'["bG 8§ I(lﬁ our

chasetRPhiinadssubieasl b?ﬁ;fpl}nhg anlte bs‘ixﬁ@ Rhnyhudisieg téﬂ‘dhh@]ﬁéis from
over to the Ra From:t oint of view of the

the B Graplsh andTaales U Vel SR g 3@1 drmtin b fias lqpted us 1o

buil@ %J\L«)rld"ﬁrspllegﬂﬁné Ha%ﬁlé@&ogcyr% g)éteﬂa{vtuch Ehep&tdrngs
are "attached" to the bones in |Xe orientations. W

the spged Angt eselitions epft Bistepsi thats regrie ftheysukiechtp weps specialized
margéégr{oetg&%x ﬁ@%ﬁﬁé‘vmﬁ%b%g&éﬁn% M fdeRi g@%kt he bone
orces to to allow the
nodel to further approxi nate the p05|t| on of the 3D
[00194} o Nezpspn GBU hpydwari:s way we can ani mate the Rag Dol |
and make if follow the real world hunman where the

[00 18R NERESIABSs tike PUSRPSE (HEBRE@I N0t GeapRRY BQLdssit. The
m nme which follows the masters projected data in the

Redem proserserers & firptaCPEncapriblp yoft handling, Bardware gbagedyprojection
algohifeedesdrited 1rp(h%‘3;ﬁ§§r THOErsBURE SdkenTRUE fnpld & & gARader
record and update the projections they project into

modehb43he giophadwancedhshagershistRagt theimepone pl aces sl i ces
around its bones and conpares its position to the
[OOE‘BF' tW‘Rﬂ tRE :Jtﬂﬁu&tdn' HSEPUL Qﬁ&era\‘e%l&?@%r @/E Qfive "5@&9 §l§te 10
are then applied to the Rag Doll and each Ra
implement the epire emmmem&mmp lito @l sereéer Pass T}h%m@@'ﬁt‘é? Cféﬂﬂate
' £ |
every e frfii Ser a&gdcrg& ggtjﬁ ﬁka sesuté&.gt \%g&g{of‘egﬁ&%gtrd {lngle
passtandoid mgtaiong we tars @lwro{eml(ﬁhcmmeriyeqeem@ bém}eeGPU
'objects Exanpl e: when tracking an armthere is a
‘probl em when this arm noves close to the body. At some
poi nt two separate bl obs, one belonging to the cross
section of the armand one to the cross section of the
body are so close that they forma single blob. It
then becones hard to determ ne which object bel ongs
mhere ve sol ve thls problen1by u3|ng the Rag DoII and

- r oy o —~

cal



novi ng, we can nmeke the assunption that the Rag Dol
closely resenbles the real data. In the case the two
whewedoese cl ose enough to be "touchi ng” then RET/ERPDLYS5728
a mechani smthat cal cul ates the highest |ikelihood of
a small blob that has nerged with a | arge one as nay
beconme the case with an armthat is too close the
body. FIG 16 for details. Since we know the dianeter
of the armand the dianeter and relative position of
[oofo7E bmwocmerﬁaaf RIRK Bivaliof SRR SRR a hBRtmbdiSd andkystdth @p
of the armresides within the |larger blob of the bodg
recoTpirustipg E4eh W@id q@thpw@v@ﬁhw@syalébn@m ph/be gpmReghHimd by
prq@&ﬁisg RAfiHIS csn{n%pv?&eb %K’ézﬂﬂs \K/ngﬁftltéed]gl@f' qo&]ﬁﬁ%td"'ﬁ) Polygonal.
kdown of the tracking system We
surfacgh,| cogiprigiog of Raar m@a virdeo fcamenah @ ‘eﬂ@ @inebmgqupmonyremn
cap t,S | d
porth ga%_m Egﬁlnpﬁ)t S\Q%ya éﬁg‘ﬁ\ c&{tﬁo{lﬂl?ﬂ eCetng'?lebgoth% nghﬁﬁ;t at‘”i‘\ﬁ or a
Graplacs Dod:dssmg]Umtt he extremties. By forcing the hands
feet and head into position we have achi eved great
el I I
[00{6%@ Exﬂ%(ﬁ lgng bg ﬁle% st%:% ofvgaanta[ﬁp a@x&é&%%@'@gﬁ??ﬁaﬁce@%’@ég
oraprhms chaintd anmkafste ttlme cﬂmneattoos ahbe Ipm]ednamdome palypors surbages..

(e revent one h m r Qi to. t
Emb(}% % 8855% em cgn YsK | Eglitlgé‘%t lsjt?rg%rcg g)gggz}s a&slma@g data.
Emmhﬁctmﬁdhé)@&mrrecan aseEhémthe ngnse“atnmagh/dmt age of

projecting onto slices is the ability to use 2D i mage

n ues on 3D mo .s 0094J, .Once we

100Ra0C TRbRbTE R SSuPl T Breo i elast, DEYarie i SFols, o
tranﬁibﬂﬁﬁz]lcgeedﬂta glﬁnhmﬂnﬁmhts sf ]Elree@sm CANpIO]Eot aot!aand)amddamasd

tor e the sition o ur nogdel . ,.By an Z|n
backigpurd g, (3 BRSBTS RREP e AR i e ST an
conteiCrcRage PREI of theM@tfabestdTRh@2D0Srojetted lpsxygaaibaml 34 world

[ 0095] re is howit works: [0096] Wen the Rag Dol
cooydinafes. very cl ose prOX|ntty and position of the actua

person we can place "slices" not as cross sections but

[00A19] S WEHBERMERE f RS -syfreh Q%aABP uSedMor CRdtkRigakemah Shbjéss.
on the chest of the subject. The outline of this slice

Embodirpeited i sestamy cammke w80 ok IBIA £ besigenss of the fystem
can DO Y atifnale® 3@ ¥hAhd8 HmBdABn&RESH the tsydtdn can be used as a.
i ntersecting. But since we know the poSition of this
visugl 3i¢ in 3 karagke ¥ste® al | canmeras we can deternine and

render the actual projected texture froma blend of

[ootﬂi? bEfiboddBSi P AQs\SRIP Edh QieOIIEQIngéeS mmwntghectamst on
has not only the outline of the B t al so

data praigkeed Sipn thexcemems onto the 2bbeglygangmEmhedimeaesgof % SYsAgm

can Rls@% Eﬁﬁﬁeﬁ%g Ct@émﬁiuks ‘% %Uﬂgaté hRe BROY¥AR g%e\‘zﬁe& G the
nodel t sane of the real subject.

projeeterb rpobygohsy vxémbaqhmow ahallleyzssst@acwnzner§¢mté"ah®|cktgroewﬂ

u 8 to generate a

subf TS T Qb S phTEh A i D ~?§°%‘>>é§§s > {it the Rag
DoII to the contours of the slice (i.e. ellipse

[0043ki tErobadimggnts @@989 SPSIRM (FAB 9ise weartdh@hmgaw1s apd 3M

Scofml\fxféjre'trg-rgﬂecﬁ(lé/ nfak e‘?ﬁftooz[cggl et %d%fim% Eg &%r&dn‘&@u?fmc‘ingﬁ

erson we can pl ace s ices on ace 0
stage.u E}r@odlmemsexf dmevaylsttem@raﬁ @se ¢hortdamed®p Embadimenys of the lggstem

rea a SR

can pse yertex ané;%?ﬂ/e t%lh ers Smto?.'% %ICE éaug?c?lgﬁ;e;ﬁégw o%iflrcfnq th§ CPU.

to thelGRU.7 and FI G 8 for exanples of projection textures
onto slices. |0099] Step 10. Texture Tracking. (Od OQ
We enpl oy published techni ques of texture tracking on
2D surfaces. For each slice we conpare the "imge" or
texture to a reference imge that we took fronthe sane
slice at the start of the aninmation sequence. W then
deternmine by what X and Y value the two textures
differ in position and by what angle they have
rotated The unlque part of thls process IS that we

oy - NN N7 I T o



change in 3D. We use this offset to add forces to the

Rag Doll to further refine its position in a second
weams/iedseer its initial fitting with the elli ppe€BpUS1008/055728

is in this second pass that we achieve a very high

degree of accuracy that exceeds that of even marker

based notion capture systens which enpl oy markers and

body suits today. [001011 FIG 9 and FIG 10 show how

we can place a slice onto the chest of the nodel and
[00ABP] EEhbRIihEtS WF ehd sk REn edRdvdlyage Sﬂﬂécﬁédt hel iRdkekd

The projected texture is shown in the 2D wi ndow in the
polyggieto figure owtonisre ix pledtethe perjelyspu R moseatingl iveetigpte the
sha;%Q%Q@don_ﬁYuo&r QJb?e%F.J! E‘xgbcgi%@rrégﬁfﬁla's A hBREVIA S x s

d .
ave achi eved a maj or breakthrough in conputer vision.

ontq the 3D|polygon based onp Hieod bateen enapsdsi asasjnetheis inglipation angle.
_ b _ ! .
relaffPBnE BF QTS Bl EREbd s MR P (SER B ow

techinlymes warakk ebritiasi @it yn tha tdxhee 3Bictidamnbeen frojedtad omb Itiekidl
ohig,to build the world first real tinme marker-I|ess
POYESE on capture system which can perform at the speed

and resol utions of systens that require the subject to
[0013ghr Epewiimenty efitheaysten sarabrduded dy psupf & mooomcaptirh gystem

vi,Sion..c ter in their trackjn ask. 1001 04 e
to b B RAPR o s Bt SR 8 St ksl ifhEE
tracReg elevic&7 OPmbovdipbits of lreogeeantan BehaseRad emasype oeessoof a

is the first U capabl e.of handling hardware based
humigh et 54 Gl RECGBADPY BRI PO B, SmapRers the
subjetts Glovéerhdift € EMmpdiRRhiaas thie SPdta@ned itusus toihalyBas @nnispogtr:
1.4, the nost ﬁdvanced sha?er systemat the_tine.
analygypd ofes] SWARE A4 RedY FOY BRI OF SrPlayer B REpydRArfofapnce gid to
prev3nGin}iFie FReSShBRRE, ABSW, dn@ ahkBpRIBRIMs. t he entire
projection technique into a single pass. This neans we
cal cul ate.everything fromlens distortion to
l““‘débkgﬁfamﬁ’af@nw% g&‘%’éﬁ"‘aﬁ’?&‘ P Bicdcipirgirareh | and lexelapmgt do
studp AR Sh@Rdvethéhtd H¥SuBjR6ds %imsagq)aﬁi@hﬁbmd@m Efbodihdents of
~Slices in a systemwith a single GPU call.[00107]
the gysteatiranehn usedfo pradyzerihe moverrendnal @ plipirme whondey trempasye
Bk I : L UG WA g I I ' <L di
perfBitianEy ShE TP THohar AUHey FIRAMAR o fle S3Rpl 6t Doty 8
anirpai¢ g |beoadease raviuihal edhargciee @frghavaetdl nsubleet dyeyi T¥Ibroadcast
nendl@i n onto 2D pol ygonal surfaces, conprising of 2 or
nore video caneras, a video canmera acquisition or
i nput_port, a host conputer with a DVA controller,
[00136ht riambadimenss of Hy wystem cancbeoysed agpamp iof dwmpn sowputenyser
. L. j f -1USE,
'me‘gﬁureé'ct %”éﬁg Q’géc g%%’f gt%; g ¢ g’ ?%%Elé i)grmcog rd get%g"& Fslm.
Embrdonéney af ¢het hystevorputbatusehso dit humanpsubjeetst toosportmgt goods

R R N

Enbodi ments of the system can use Ethernet to transfer
[00517h g Erdladamerits) 0fl 18] syStaiyordi rhernsed of parhef gyasuehsigwlatios or
W T el i ng t S t ' t
bl SHRAE RO PUR SOk ! (305 Sl P35 3101y
shapenslzdoackigl ogmdudasscbréabing aebhanawe Eanbodienp ol yigegstem can

Enbodi nent s . the system can. converi textune pixel
be uSHF Pt s bl eBrgiiReS B e CEBIdmE Rt ot e spAeg cap
be uedl ds@d a3t di ¢xdtcise.eval0&libh@f rdcomattnd®iohSysémt he system

can be used for tracking human subjects. Enbodi nents

t stem ¢ be used to track animals. I
0ol JFmRTRE S7Hs STy et S bieH € il EBhiontcpatytigion
systehaEabbéimebtsiod cicrspsnién card bd {ived ay pdresfi acdinicdabmots@canalysia or

visual aid in a karaoke system [00111] Enbodi nents of
the system can use 2D i nage processing techni ques on
data projected fromthe canmeras onto the 2D pol ygons.
Enbodi ments of the system can use 2D shape fitting

techni ques to eval uate the 2D shapes generated on the




proj ected pol ygons. Enbodi nents of the system can
perform all background subtraction after all data has

whews/156] ect ed onto the 2D pol ygon. [00112] PCT/US2008/055728

Enbodi nents of the system can use black and white

canmeras and 3M ScotchLite retro-reflective material to

accel erate and sinplify background subtracti on stage.

Enbodi nents of the system can use col or caneras.

Enbodi ments of the system can use vertex and fragnent
evalﬁ&tﬁﬁk&b& Emb¥Rinens dftie H5@Maah b Nsedak ah bl foPie haRiRdppal.

to the GPU.[00113] Enbodlnents of the system can

Eml?oéem%% }fdhgsygem Cﬁﬂ&r@ad@a pamaf alaPPs&Plpol ygons to -

figure out where to place the next polygon to

[0011OF I ERfibdtithints HFQhE | Gaba Enebs he@e adfpart 626 OMBluALREAy
obj ect. Enbodi nents of the system can pzﬁject vi deo

V’Sut"é%f'a? s¥stesit & eqirinTesmbrslimeh ob s deveaton all ofithe Hepsicthe
metﬁ'&i’ BhaR pRAsRkdy 4 &ﬁl‘léfutérn&rl doRphieAePRSlem, LELALIHDER abBve.
he pol ygon nor rral mbodi ments of the system can use
In alz@n@pm odinenis. orconheraof thestaps gakbeparfarmed maoualiysby a
pemgpe texture which has been projected onto the 2D
polygon [00114] Enbodi ments of the system can be used

part of a notion capture systemto track and
lﬂOléiﬂgu tinaktempe enbpdimants offthqymethads discrilngdthersip agdisiopd! steps

r [
may TR AEEE Bhaif LA RRY oL LA S mal DO BRI e
tlmesmjd@m theasteps oy dalpenforated ipa diffesot prdietrnndtooslatudtemmpdy nts
based on anal yzi ng the subjects novenent. Enbodi nents
i )
(00| e AT T e i itecile BAPNIAALOPER 2 SiElby
other nl‘p\n beedq;emlfedramdmearsdwtl@h preepremtedrfpwurwezt ofki¢lustration
and Eﬁgou' d%éof hm ?z? hg)?iglo%t aftang menEs o%e %g[sg E]{;Iépééls’l é)g%lxghents a0
be mmieéllydpmerslmled usthﬁctyt wghddn elepunmegr&mhsmaﬁplsuh]dexcbm of the
res $§ 1{3| e% I ﬁ’ ian E di ments of the
prest) o Enitih T inie By BT P BB enc s of o
skler/snomboarder to i nprove performance and to
prevent injuries. Enbodi ments of the system can be
used to animate and broadcast a virtual character of
the actual subject over TV broadcast networks. [00116]
Enbodi nents of the system can be used as part of human
conput er user interfaces. Enbodi nents of the system
can be used as part of a security system Enbodi nents
of the system can be used to fit human subjects to
sporting goods equi pment such as bi kes, golf clubs,
cl ot hing and or shoes. [00117] Enbodi nents of the
system can be used as part of a visual sinulation or
training system Enmbodinents of the system can be used
to eval uate human body shape, size or vital signs such
as breat hing nechani cs. Enbodi nents of the system can
be used as part of a public entertainnment experience.
Enbodi nents of the system can be used as a fitness or
exerci se eval uation or reconmendati on system[00 118|
Enbodi nents of the system can be used as part of a
physi cal rehabilitation system Enbodi ments of the
system can be used as part of a clinical notion
anal ysi s oreval uation tool. Enbodi nents of the system
can be used as an aid for the handi capped. Enbodi nments
of the system can be used as part of a training tool.
[00119] Enbodi nents of the system can be used as part
of a Virtual Reality visualization system In certain
enbodi nents of the invention, all of the steps of the
nmet hod can be perforned by a conputer, or conputerized
system as described above. In alternative
enbodi ments, one or nore of the steps can be perforned
manual |y, by a person. [00120J In alternate
enbodi nents of the nethods descri bed herein,
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[00121] One skilled in the art wll appreciate that
the invention can be practiced by other than the

waemsnidset enbodi ments, which are presented foPCT/US2008/055728

purposes of illustration and not by way of limtation.

Various arrangenents of the described enbodi nents can

be nmade by those skilled in the art w thout departing

fromthe spirit and scope of the present invention,

which is limted only by the clains that follow Wat
WhatSs Qhigled®d is: 1. A nethod of tracking a three

di nensi onal object conprising: acquiring an inmge

i ncluding the object froma plurality of caneras;

subtracting a background of the image; calibrating at

1. | easieb®oOkackin@ aGRIE HifensioRA OBREN defptiidgt he | mage via
projections ontq two di nensional surfaces; analyzing

the i mafENTHEEE PR nelnding thepblest figm aipluraliy PE¢AmMEaS: he
one or OGchRdfagkerbificdfibinlaBe one or nore nodels;
anal yzing the surfacte textures of the one or nore
nodel s; calibertingackpsigne pishecanfeasse textures. 2. A system
for tr ?‘Fééb&?m@m} Bgﬁna%g @E;b?#jgaﬂns 81?5 ?\% di bhai! srtllgf;aceé;
plurality of video cafrera or capturing an I nmage

i ncl udi aglytdre tbbjreage; a vi deo canera acqui sition

nodul e ] to the plurality of video caneras; and
a host g%?r%ﬂ] gpe?wgf’rﬁdﬁon&é[ht | east a DVA controller
and a gmaghingsheumeoeavragodadgul e; the system bei ng
configured.to performthe steps of: acquiring the

i mage i H@?qi‘ﬂiﬁ‘hgo‘qu%”’é‘?ff&ofi#’r oma plurality of

Camer asanabypiigl (€ Suirfide RxRdiagiRNE oPmotehfodelR aiRd
calibrating at |east one of the caneras:

r econst Fadne{le syEce HElEeSyi a proj ections onto two
di nensi onal surfaces; analyzing the inage; detecting
one or nore nodels; matching the one or nore nodel s;

tracki ng the c]?fne or nore nodel s; analyzing the surface
2.t ext P for rycung gy fares dimsON3RoOREL SCOMPRAINET acki ng t he

sur f ace, hRdIdy 68video cameras for capturing an image including the object;
a video camera acquisition module coupled to the plurality of video
cameras; and
a host computer including at least a DMA controller and a graphics
processing module; the system being configured to perform the steps of:

acquiring the image including the object from a plurality of

cameras;
subtracting a background of the image;
calibrating at least one of the cameras:
reconstructing the image via projections onto two dimensional
surfaces; ‘

analyzing the image;

detecting one or more models;

matching the one or more models;

tracking the one or more models;

analyzing the surface textures of the one or more models; and

tracking the surface textures.



