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WO 2005/ 015734 PCT/ US2004/ 026079 PATI ENT PGSI TI ONI NG
SYSTEM FOR RADI ATl ON THERAPY SYSTEM Rel at ed

Applications This application clains the benefit of

woeodd/ es73Pr ovi si onal Application 5 No. 60/ 494¢H8&004/026079
filed August 12, 2003 and U.S. Provisional Application

No. 60/579,095 filed June 10, 2004 both entitled

“"Precision Patient Alignment and Beam Therapy Systent

and pRatrENaf POSIHONING ENSTERP FOFERADIATION TRER A §O]RTEM
herein by reference. Background of the Invention 10

Field of the Invention The invention relates to the

field of radiation therasst il mor e

parti arl a i e ik i Qpi ' t ot
st eryisy Phichu’ bl M BER BT P g LanPRRRA' Applicaton
éXe. S0HEH, AR ded dnpust 18y 2008nasind. 3. Fealisiped iAripbination No. 60/579,095

5 B0, SR Sbre e BEA gl G ooy st
p@d ibbibastiwlich drélfricbeorapatia thewesmtifetiSh & Mo Reaieged, OF

m sal i gnment caused by factors such as nechani cal
movenent tol erances and non-strictly rigid

structures. AdditionaBa&graaieptednyenien de active path
hanak B ool | 1 sion avoidance to facilitate
eftrcrent novenent and inproved safety. Description of

t he Réhatieanivit reRBesRa dhcafidionf tadariap yhesapgtsestana el so@\varticularly
nd used to.provid reatnment to patients. suffering a
ST O ROPE O ERBRE. VRS SR heEaY® of Which fiotude an
tey Rifed Ind o sili&rB6ht tsQstiih [ alnd Qbcal PHYit FecdUdSl. AEAMEImEEts of the invention
undesired tissue, such as cancerous tissue. A

PEPEHGTARIEVRguRETLagy ob patifnh FegisE Aoy gndepasifioninga gherttiee embodiments
ragdi.at i Lgh- LAY, t [ L rect

SRR 080 8 S et o
tahé nomdeistly eigidt dhastuessWhddidonp enbodighetts ipidvédy adbiRabath planning and
da]g;a%e 25 to degigred g{ﬁ heal thy tissue through which
CRAYSPRAY AR i) Reditale gificiepsmavament g Hpraisd 8icied

tissue. Proton therapy has energed as a particularly
JebifiRoh Qe HLARAt for a variety of conditions. In
proton eérapy, positively charged proton subatomc

par t i Radgtion therapycostemataed knowh lshdratatitd ptovide tréaginthtyto patients
focused b .and.directed. towards a designated .
eSFSRE S DR Sty o Foneiietp RemaRes Delay GraPRRR Beg i killor inhibi
kit @oeth of Giliesifddodksud) @lcH fP@GEer¥hs! thhsud) ahi @RdrniincdSd@ntity of high-

than el ectromagnetjc radiation or | ow mass el ectron .
EPRIEY lgctmagnelicedighion angdor highrenergy nesticdesyis diseeted into the undesired

iﬂ%%tgg‘t/ia{vl\l}i? %SAI'_#%Q%@%%% i %&e@@@%&%&%&gﬁmﬁmd damage

padésand ot handtire tisdub ehraugietviich tledrapia b psseassitd Pt tgthe undesired

%.he proximal tissue with relatively | ow
1S5UE. )

Proton therapy has emerged as a particularly efficacious treatment for a \fériety of
conditions. In proton therapy, positively charged proton subatomic particles are
accelerated, collimated into a tightly focused beam, and directed towards a designated
target region within the patient. Protons exhibit less lateral dispersion upon impact with
patient tissue than electromagnetic radiation or low mass electron charged péuticles and can

thus be more precisely aimed and delivered along a beam axis. Also, upon impact with
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energy transfer and then exhibit a characteristic
Bragg peal s wherein a significant portion of the
kinetic energy of the accelerated mass i s deposited

wid fobsii1873ael atively narrow penetration dept hpepfgRo4/02607
within the patient. This offers the significant :

a of..reducing 5 delive of energy fromth .
PR B B B PR st ona o el 8 WAk retativaly low
| rheppaseder dbethnerhbiie chataslisticeth@ AR Heht Sabhivies s portion of
nozzl e of a proton therapy machine as well as to

" REnEHE eoneteys 811 dhe yirselerdied oness t ledebesitagnaitein eardpsively narow
I S 6B+ ' . indi-cat | rticul ar .
A or SR B R N b SR P B o BAahl lsR o rectucing
t Helfgve @f | anergyotiom theeamnelamiedppefoer plitiyiet ak ehepltiae dissue interposed
froma plurality. of directions i [tiple treatnent

165 fredBetrsing b OEJYeBY Byl RIGPR arend TshiNegs well as to
t Sdqy@irad @y QRuMTing FHEHE I RY RAhAEL Rbet FERIS U Befthding on the
i nt erposed desired/ healthy tissue. Thus, a radiation

t FHaHgnSS1PE penfrticilzs tpanent Ang tesiioperidition delercmpyf Bpshemeutic proton
t ypi rovd Si pasl. i, oni-n al.i ani.n
LSl e 300 S ORI YIS E B csmen
ofiedivnatid enlgevd a tatridduse tdolivetd rniteagzepregicer whide 8ddiding collateral

| faor.th S5 W thi h [ , th
P9l S b R PR P er for ma bomputed

t onogr apky a AdidionSEaapy Byshh, st hPh pRIGN BT R apy system, typically
p@scrlptl on stage fromwhich nultiple digitally
r RSOPTEYIsigRt 98 Popiligning e dicniDRRS paticah Wi tepest ié @eptoton beam in

T, igfgrg t] Vil t ee . )

dlia_rﬁrgnsi oﬁe;tﬁﬂﬁgg?ahf@g%retg SREEHEE %r%:fé?r ﬁ&e & PRI for the proton beam
phisindhopiteal, tst typictlurecedire hhebgatto @atformoptahmeed foapraphy (CT)
tgwe CcT Sfr%nli two di nensi.onal views considered from

nite I pie™sH BﬁP%IPE ShECSHIPHRY stagg Eomapueh putipkndigdally reconstructed
t120198taphsTRORRES chll®eldchithithci0 BRe ITRRI IR ically qg[%‘:jsreﬁﬂ the three
target isocenter corresponding to the tissue to IC
tHerasgnal dats repsesspigtival el the inlewial physielogitHestnspat il the patient
I ' f r. i.socent er .can_be .referenc . .
W phado ond 8 oL BBy WSO w6 bR abfe BpRISinte ortentations
patitbmt c{mbmotienbs) tageti indpe af ek figué e bt afrgRited. "ROGesired target
Upon subse%u(gpgllt1 setup.for delivery of the radiation

PR COTEE PP AR FSSUF atylich dherapy ip b pigwideshis designated. The

PRkt NbeatDHCIT RS tAKNRY NS rcg% He"RERenca qvihp%f’%{ﬁctt ffo tptl%gsiological

radi ographic image 1s conpar or registere

tshpetre qffkeyratignt (monvwege)tas indicatel idéls tgreat iethgt.ar get

i soce . _patiept'.s.position.is, adjusted top, as. . \

cl oseﬁ}f%égu%%ggﬁng PRURO! &fﬁfmoéhﬁfa\?@rs‘\w? LIPS EAdiograpgif image is

ttdlen of dregetients QRBMAE 8 kndvin A-rHEHAJp8,Chnd AHS ralid haphRSIRASE is compared

tother d%ﬁgion beam as indicated by the physician's

oF é%%f‘tF’iS‘ai 1 then gk dnpgsgWEB Jespieet Wréﬁd@ﬁﬂlf’}e koges isagsnter. The

adntQfobiRBn i Ud: fol | L can, i

A QR REn 1 ieRa 1B, ATIB e P BLARE Bl BERR. ien e

¢ ipespiecin tolesinel phes iwiddrespeat gethei iadiaget béant @s indicated by the

WAre
B LS R e e 1 OGS mitial planning

esire

B ihlehéonfidd 6626079

In order to reduce misalignment of the radiation beam with respect to the desired

target isocenter to achieve the desired therapeutic benefit and reduce undesired irradiation
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 @hd/py mtlom@lsvepioe treprsiign e petict in the

of other tissue, it will be appreciated that accuracy

of placenent of the patient with respect to the beam

nozzle is inportant to achi eve these goals. In

way doboaksy, the target isocenter is to be popitiSnesozsore
translationally to coincide with the delivered beam

axis as well as in the correct angular position to

phiatler fyaep Hiwid e apweelht@d that acrcwwb 6§ Blamm@t pbHthg tpatend with respect
?\%Qﬁ%{)eml Eozéleﬁ@ 'iﬁué § aae oeaﬁ%*év% 55% u aa P %%Sﬁélh gﬂ% t?ufge% isocenter is
ttaebe pzbeitaonexi tdngatiohally ﬂoe:amcais vwﬂi iheaiShtfehlai byt bmalasi well as in the

constitutjon af tissue throu the beamp
i YRR ?ngﬁt?f RpFHeR fouplace fﬁlﬁ Fett eglt F%\Ig“ﬁtf{éélﬁedol?"s?ﬁ% aﬁaiarl%wﬁ aspect. In

abetuldrhe thé‘lﬁpgtﬁﬁl bS8 Bf £k Brépe9Ralkt RQBhdent both 133011 the energy of the
translationally aligned can present a varying

adrliveroh protewdeary asfwelli assthie degibtand sanstivetionrg tasame tmmbtwmch the
p.o ) epa?&g {g@glltb%r %g e{)lﬁ%@ qgagtra;rlf)tﬁ gl 1? aE‘ 8% o4 é)ne%rg OISth(EE target isocenter
daqah thoudh ftrtafl:tllimmaﬂy Bligred lchry piskdni arve,g,msg depth @ﬁd aﬁﬁtltuency of tissue
itio i.s that a radiation therap
eyt “HE&‘JHWBP% e e@j thedargetysenenier ¥%9af6$ %%Bﬂamtpéﬁeﬂt s bady,
tﬁﬁ@&g{:ﬁﬂéﬁ&%ﬁé@ﬁ%@% nistered over a period of
such as daily treatnents adm ni stered over a
sever at fw@hﬂx @Erouly withTregistratidne azd Pgﬂh@mg of thahe radiation therapy

élmt%P 3{% y 6?8?1?11%%@&1 41? gclel?glet‘% f ﬁgx\lﬁ eestre?@n nib %ess’:gons e%%numstered

rceepe@bnbdn of hmebaa:m assiatly fiegtadehis efd&ﬁﬁaib&dl ovet @ tseveml n;ea”bk period.
d %xe ,ute %tjél s over a period of_ days

welgst e bafent o e Ect rsoberie s Helkds a?%iltgﬂmg of the

%fléﬂrﬂﬁkgdésﬁb§ pRRiB YesReBllthOBéAD is Yhichlly REQE&Hy §Qermined and

the radiation t r eat nent ‘apparatus. As previously

respeitaihmullipfetinhertver ¢ psgiodtof dasison wiesksper f or med by

obt ai rado c.tmages of t

curr ennTlrh A E %ﬁ@ﬁ’{‘lﬁ"”&éﬁgu ?"“%’%@Y l%gﬁt("é’ﬂlf‘% Hﬁ’fs g positioning
deith vespyctsiot ehoardistioNTidatnigt tapbSraRbl alABetevioRIP motltibAed, patient
the previously obtained DRR or target inage which is
deBEiration; is pesieraed By SRE &@dé?glaﬂhi“eé@ﬁ%eﬁt‘)f the patient at a current

Qfeﬁﬁl%‘: Qés's ﬂ at e ﬁﬁ%&ﬁg&ﬁ?}h del&%r)t be mtdoﬁ‘llﬂ)tan%ﬁetﬂls OHiBed i 1mage
renoved repositione ensel'ves wth
rvath e |pmV1¢1hEyr d:pganerbDBRam usrgelt 1trmge7adnmh ip wsddt iodndieate the particular

Reahab aresSRtioRdhr 18 il rscfc SAEGH ot HER R0 rd i Tepositioned

Q%’l‘l@éelv%?) wROS il QRAiATE RASS Mphiarah tlrférbxhé'! ?:051@619 8hd %é@gﬁ a patient
was generated, e.g., the orient atl on from

Srillgioh&F e@afctbfcranea@@n@ratt@atm% SRS 1o mei@ente @R;Sﬁon nor o the exact
%oﬁﬁg ?es %’cﬂ%ﬁxéﬁﬁﬂ}e target %e%és enm%/e ! \é%S,’ the orientation from
recisely Prat ¢ I'ng a subsequen btal ne .
rwddicho thie agaipinal | CTR geanvgenbramed thama:Rmr tl“hdxs,e eadir tr%memoha&gon/fractmn

ED‘;F;E ofallltatethegJCEig natlo acorrect*
APTB¥R Precisrly Bt PBFRAp T E Ao OgTep g fnage with an

gﬁr tb %Bltreé 11&1ﬁ§ Iﬂ@@iorﬁalﬂa%cﬁﬁ 'd@ﬁnﬁﬁg’mﬁpﬁea co%gacﬁi?e translational
ion to the nmeasurenment and rzgut at i onal

pﬂeqddpmnn apdpashe
g:?'t Ir g'lu{ltgtfltlérp N tg % In{a?a?s%)r( ﬁnen% ‘{I %ﬁ WU% ona 1fﬂ%ﬁ§e§ ?ge\éentedlby such an

apparatus’ i
expetiai, vethpidede: fof spEedlincaxkegigtiap Wetitas ecue@ns Tf pegticwdddla radiation

p..

_maintain -3

therapy apparatus is an cxpenswe piece of medical equipment to construct and mamtam
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WO 2005/ 018734 PCT/ US2004/ 026079 bot h because of the

mat eri al s and equi pnent needed in construction and the
indication for relatively highly trained personnel to
pife0ed/@s8sAd nmai ntain the apparatus. | n additiPOT/AUS2004/026079
radi ation therapy, such as proton therapy, is

 EBSEAPLY i A AR LAY B, S8 I fcain

t melammbehlghlypmm@hpemmuwwpﬁratb@hh iheiti@inehpadpgataite. In addition,
.1 abi]l i of . this beneficial treat nt to nore

pa%llaéwp§l1eirﬂ%/n el BB PrAHethEaR s meregingly Bang fywdiangipetye treatment

et aGRASES of PatidiEedAit ol bisd @is it Eksdééﬁm&o%é@%@ lh&ent throughput both

paying for the treatnent and increase the

pFotipea itiei avgilabglity oh ghis hmeaqayl tokelingns ity nprmpatmatssn nm of the same

it YRl Rocci K 8o Ul B BBl R BR8Pt Brving for the

ptrectesst, ardniycraadi the @ftﬁital:iﬂ&y&lﬁlcmel tHerPsyt Hivery lﬁt@{rﬁ&% aAélthe actual

egﬁess fromthe therapy apparatus, 10 jnmaging

pHEPVER OffBE FadBion Klgse 98es B Patisras BAPHRL BOAIOF5 i mlhfévely quick

O¥RbEs) arAdddaitnal Ia@'n@}‘%hﬁbﬂen@ﬁ%rés@ Uad %El%ssaﬁ@xlnl tﬁp'tﬁéréﬁﬂp apparatus,

costs, and profitability of the systemr Af

dinpging,| ang pptidnt sposiiicaingl ynqo osgistration ndettabie ﬁraml elnat oxawll patient

il BRI SSRANS e g BT op o TR Pl hetavehe ar o

the mal ﬁuibh&hﬁh:dltﬁdﬁd‘lht ac‘(é@'atéﬁﬁﬁ&sﬁtajnmg 88 paflerdt R aX@ 6brresponding
p03|£|on and relatlvg |l e of the various 15

HORTETOP th° FEea PrERon At BpY Wi renect iy theghearppagzle are the
tﬁﬁltff:%aéﬁcf‘%&lv% Lﬁl@&‘t%efs i HR0elaO: 1%051’:{0?1' 'r¥ﬁh¥e bl gf the various
gantry structure to all ow the beam nozz rev
atsgenongnig ghe ra,dlatlenttharapwcsysterac b c}aitr@lqa rﬂwelmamatqzda cali be fitted to a

r%gart)lg%?l?' %&d é) m f L g? %u{ ﬁ el ¥ éla%ﬁl?a F %avcﬁve about a gantry center to

ufacitirdt® pfe@é&ita&lo@roﬂ m@ Mﬁmh%mnpﬁa@htd PitieBYoOingldd8with respect to the

patient . themselves. However, as the gantry structure

| Reliemy Xfithowt yequinge ungpmoHable %ﬁn@mmrmsﬁ@@ng of the patient

MBEREHes. 'Wév\éie r:tsz':'tﬂtgI t@]u ﬁ%ﬂva rléugé ((ﬁ( [Hegdrger of several

materials, theré 1s I ev I"tably. Sone re

§n¢t§1®i LmﬁSIVfBJ and/ I:had¢ ont Dbnorastdcﬂlbo ngrdemeiaha]b,l there is 1nev1tab1y some
hanl c 59?1 as t nozzl e . revglves

elpff 5 rim;az%l qu%ab&eo gegargﬁ as ethe nozzle

Q’eﬁl@@t&oﬁﬁi tBé bl FRlrth&BES nbPAS ma$ bab&E c?ilﬂiﬁi a§taﬁ'eﬁﬁlké‘te distributed
rigid such that the di stal em ssions en t he nozzle

dB#ps fhapis alse no gestlyegidench th@trth@sbaiabmwasn& dnd of &moale can flex to
%frﬁ?i%a e%nfcﬂ'rlangﬁ h%agle\él%E}.ﬂt‘, (i]?(?veg P frf | o%v%r%eaf% vertlcal position to a

resen oh "0
Aociaemttlesidecreays pfasenaauammfmlie Hcar. eatasaidaaifichifon of the precise nozzle

posi.tion al so be rrpll ated by a cork screw ng
O?Wo?ﬁ%“ éﬁ"nn]i’??m@cﬁﬁg?’?ﬁ rhSHEWHE Wikh ﬁ‘ &Y be pl.aced

oNn a SRR, INE pRRsht BlayiR ANt é%uﬂgﬁytn}éepodc&”tﬁﬁﬁtaﬁg it may be

to a patient p03| ti oni g appar at us of whic
sappesied o @ rpdiawt RivtioamgapparawsHwti efiwhichexe subjist to some degree of

058l 05 o8 TS5 ok FUPREES g s

tahermﬂ@bﬁnsﬁarilil eorisitege thobughosishdlagPet posibleRatiént p@sures. While it is
Vi |, IS possible to estimte and neasure certain

- Pied Bﬁi’élil%t%\ﬂlﬂ%ﬂ@asua%cqﬂiw fhesetppriéans) g ay pepdipically variable

ang ahe e%&gﬁt aPkEnaihd a rs@%ﬁﬁ&af %haieggé ftd GBMefRAbdEREC A patient

to repeatedl y position a
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4 WO 2005/ 018734 PCT/ US2004/ 026079 consistently over
multiple treatnment sessions in both |ocation and pose

to tight accuracy |Ilimts, such as to mllinmeter or
WeEsX0H@8Waacy on a predictive basis. Thus, theCkuwewe4/026079
way to address gantry and patient table m salignnment

|stor r, the patient bef at ment . hi.s

Soribsay EY R kel RERa sEmond 5° SR bR TR here FOfRnt accumacy
Xhih&y, sietlasoth inGilinfedér dr Ness iabRGHHSn 2 ¢ Bagh, |Tlﬂtatth@ Rhown way to
t hroughput is reduced by the added | atency_ of the
r ldresy e tpaandgRtientigble gysalsrmen pporemesster the PRlgR! hefogmireatment,

 PRE AP RYFIEThPhE Pali@h s %o@& {oddAffonkiaL- Qagf ra&ﬁgon for the imaging

massi ve, thus i1 ndicCating Wered novement
vandi Qymallammﬁ thpeghpuis rttcheed tyothep adied { aercg ol the oe-nepisration.

SIO\S/JVQ Ir f 'f‘l%ral?ut)va% Cecrotméj %P%#ﬁ g % Q%Dé%%ﬁ]eff -?m%’ P dft?trﬂgflé%%tg%c‘f gln%cyrather large

| ;jduinasebed) thes RIating howatdiendvaN &l eIT5ihe avhribQs 10GIpUaeits. As the
power interrupts based_on contact switches. The

| COTRRRSENES P foe Bave Benifipany dessta dpringraqvement; §)st prEniymically power

OdrieRL  QhedylsPehia tB St aRAYERS an'iiQn% Y ﬁ@%ﬁ@ed "@'fg[y systems can

not i on stops’or limters can al so be provided
Dhybd@ abdWer iintepuple bmdemecmntdaewm@ea 'EEtconEmQEmtches are activated at
cont act switche
RS b R P bRl G P Bl e o6 B FE o, Hasgetion stops or

tli’tﬁltﬁ@ tarDdlsd B BrbviaaTotphysicAIRTIAP&icAn s ®nitht MSbMd AREtURige. However,
noti on stop which adds to wear on the 15 machi nery and

ccgﬁtaéb%tqhé%aldt fprd sivag arei atierighyben bR cegeipprdipg cpmponent(s) reach

thg h‘fo'ueﬂ‘ 1Sl G i n%l).% d lrélau@@i? labr‘ﬁ?il 111‘181[11%11 {E(\/;Plvﬁicﬂg.tdds to, wear on the
tiple noving conponents, tfon stop arrangene

c_ﬁaczbmmamd cagwivtrclzed tcadm:ziage Ihalgdgddi excéseivelyi hnva:ddvt&m partlculaﬂy in

S| i ficant . conplexity to inhibit collision betwee

CARBLGRtOE TNoL RS YRl e ViRg PORRARRISa & TRSIOR AR FEATEREpRIOT contact
Isﬂvﬂch@ ANAT Alatd BiRES ThRPedsaigrdfeabf cdrﬁ}ﬁe}u@omﬁﬂ:ﬁﬁto‘éliﬁi&l between
[imted to noving one at a tine to  si

bt rlipdhcomponenihand capdeddrtp inoffirderciss & n&ﬁ@geraﬂ sWit¢th opgration if the
s glg)roﬁén?soge i Hl?t%d Ec{}ﬁ[@ne an@atrﬁqﬁﬁle t{o% rré%lﬁﬁ {Elfegct%?%%mt ledance.

racy and spee atren
pr ocedsom The faecgdingltswilbba aﬂdbrétﬁxrd ﬂﬁﬂ ter s a need for increasing the

|terat|vel and reorlentln atient to

JEHIRY X %’8%‘?3 ’gﬁmaﬁ%‘%‘ﬁ f‘?ﬁ‘é‘?@émMﬂ%ﬁ §Fo eTeis por ymeeg for reducing
Sﬁéﬁdtﬁ@l‘ytlﬁﬁémg%@ Yedrfentifg theafdRl © RARveARESHCHRB! There is also a
position errors to increase the accuracy of patient

meed He paysten thaheccamity faryatiablg add lmpreémt?dpﬂ@ Mlummwto increase the

n avofFdance sys
Sabrtiy alsal dedbiongeviviny 4 Odth‘Sn beidacd iseai mgmmiﬂaiul diieﬁating safety
rmggble corrg ]gls of a.radiation therapy delivery,
&pd dampeergoaig! v 1eaﬂ’°§51°é‘11¥$é§}‘1§1813f%?”€]|efqoﬁpéﬁft¢%/°f a radiation therapy
QARG b TOMRIRR L1 BB é?ﬁ&@lﬁl%%.%%ﬁ%%%&ﬁ%nﬁ {?Jeﬁgmtmn the
of the patient registration. ry o
esretyiang spiied offhopetient régivtetiomeeds are satisfied in
one enbodi nent by a patient alignment systemthat
external ly neasures a rovi des corr.ective feedback
for Vari at | ons or @%&M__m,m .

The aforementioned needs are satisfied in one embodiment by a patient alignment

| g@édr%( ?fréff %&Xl%ﬁte{%lg&gho-lrlh SiE ?Ié%n%gf S‘r%% ln% 5 c1ja*51fcc)\g r6t|h r%t? VI system.

system that externally measures and provides corrective feedback for variations or

deviations from nominal position and orientation between the patient and a delivered
_ 5.
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| tmtéelﬁé“wewl %Y&esaéqnééfwéw

devi ati ons from nom nal position and orientation
between the patient and a delivered -5 WO 2005/018734
PCT/ US2004/ 026079 therapeutic radi ati on beam This
Birhwas/meT can readi |y accommodat e vari abl e ardi1/US2004/026079
unpr edi ct abl e nmechani cal toI er ances and structural

ex of bo%h fixed an conponents of the

rAFRAIE PEAES R 9528y 4 @ I@G@n%!d Feeetly aceqygadeate priable and

rlﬁ@f—%dfdi%[blé 'ﬁ?&h& alttBﬁeerﬁEé SRt BRtyeenndd %@tﬁ'@ﬁ‘tﬁxed and movable
fractions and decreases the l[atency of the
reogipsness ¢ighe ypdigties therahy synimn. .mw@m saduegstthe need for imaging
nbodi i.n

Y QAR odn el A e RO 8Tl A 1R A A elation process,
rtovsciesR b s mexihlhﬂmg]ﬁ}ﬂlt (0] Cﬂmheﬁ amBSdﬂnhﬁ‘t MCI\Aédfmi acti®e path planning
active av0| col | : jons between the e ment and

P EY T deteRRigET & SIERISBLmARTIRenT Brogequsg ? ip{et dgynovement to

delil @ EVoid Y i QPR sHRMRch $h uﬁm%[‘ﬁrf%els%xmﬂat i ent

fixation device configured to secure a patient with

r especdinothsr embogimentcinta wiivtier tarapy delifevy m@tenacwapmsem a ganiry, a

g)%ﬁéﬁtlf%&%n 'd%lge{ & eﬁetg s%&n‘é eraga{t \? EH res 3&‘?% XL patient fixation
ce SO as to pos Iron t'he pati I'xa on devi &

aieomg, d ;faaaﬁlpamum lintanechifecotatd e phticak Bsativhtdevioe tdss to position the
gantr lation thera% nozzl e interconnected t

and ](Péﬁ“io axeyvapndpe gantry a radiation
YREEAPHoz-R ﬁ%c@n@ﬁ@iﬁ@ﬁié%an%y%qré dotiVe1PTacBHERE Nabiation therapy

measur enent devi ces whi ch obtain position _ N
rbagur dnentxisof pltraligast exthmal atchsiamdnit )gvicem witéohi oigain position

d.th 3] t .
ARt PR L ref B T ot Brcthl bt 544 B Spheger woien
deseiee tiRPdsitibe nRedZdrentd ¢f at Pag\thaiRSiefioatioh d&VigNaldshé fozzle and
t he pati ent OSItloner to pOSItlonthe patlent in a

dexiides geongpl éhﬁﬂ%lﬁ ite il naHentcrgsiionen b pedtiofedis ARt ip 2 desired
oﬁ%ﬁ@&&n%ﬂﬂ’&@ fbtﬂléﬁezfi’n Qﬂgl ent positioning systemfor

a radiation therapy system having a plurality of
conporefurifer dpattodament subpaicht pazitivningspsiem forheradiation therapy system

SItIO tem 20 c risin ura y,of . .
B3k o eidnC{F b etia Plc® 3Rl Jalnets Rt dpf positioning system
REEbELAS ATPASMIE BFNERe@hl hit8sRéiidnd! ddvice®ar@BEROAE NWb%ain position
so as to provide |ocation infonnation, a novable

preesEpmends 9 $he PEEHIY G roemppREniy B @9 tio @rmﬁﬁ &gpetion information, a
t,
o L

 irespeatlté ilpl patitntanspeat drdnmintroldablly pasititni the phtleax esmuiipde manslatmnai

controller receiving infornmation fromthe raI|t
B30 il sttt Btallen s P aiaisy o e el e extemal
eRATERAH ldevibeaiHaRbR gRAGVeRRht SHBRAI to 1R Rbv4ble biiRknt support

.patient in a desired pose such that the positioning

sy shightheoprpienisiat @ desiesd pore veshethat B pdvidiopingr sykiemy caphpensates for
n d|t| onal enbodi ment is a nethod of
?“g"gig‘g‘ @ﬁfﬁglﬁﬂﬁﬁ%’ ?m%?%leﬁg a patient for delivery of

t her apy adilitions @zy@aﬁmdn & h At dfweabtbing aid Imtmmngm patient for
subj ect to novenent, 30 the nethod conprising

delbpey of thesey Wi hite Baren Pty At F‘?ﬂlmrl&rlmﬁub@%tr@rﬁwvement
BRSBeMbd Ebrﬁpnsmg the steps of positioning a patient in an initial {reatment pose with a

controllable patient positioner, externally measuring the location of selected points of the

plurality of components, determining a difference vector between the observed initial
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control | abl e patient positioner, externally neasuring

the location of selected points of the plurality of
conmponents, determning a difference vector between
woeoohaesved initial -6 W 2005/ 018734 PCT/US2004/026079
PCTI US2004/ 026079 pati ent pose and a desired patient

o RRR RGBT ST B i e e

qsb%monéi&b bARP RGN ROUE ABMed bSticat s t | oni ng system

for use with a radiation treatnment” facility wherein
t he radt atmthﬁr qm@dﬂn@ﬁﬂs ] a@slﬂlmmgg syatormafop gy withayradiftion treatment

A nowﬂgﬂfﬁr om Iaﬂ%:l g—ﬁ%ng? c aﬁu&izﬁ&c&)@%l}ﬁtsﬁtﬂ& includes a

tdaerchof phrticies amoy advzie fidrh hfhicﬁihepirtltles ﬁlb&rrﬁ)ﬁd wh&reimthe nozzle is

faciljtate delive t he rt cest ase

Bl b rebmst iy mittent o de gt el 7 8% FaIT @ Apelected rogion
RAtRSpatichivin QbR 8i tYeHh BahS Qﬁ@ﬁdsﬁidﬁglgasyﬁ’t@ﬁ:ﬂ @prising a patient
positioner that receives the patient wherein the

resitiener thal gpaciveh the padentihatsinethe patipnt pepitinmiceist moyhde so as to orient

Le
8} b Wb leaRE e hild'S, AREEME0RR AT b YIS in g sclected
trigoip aif | tRe tpatiant, D mdrdtoiing sgyat ehattinages sages ate t@@skent of the
onent f the radiation treatment facility i

SRGRH FSAREt HElYar RS 47 LheoRdient Bsiianet wikEsi the monitoring

DAL OfidvRtbps SY %%%Hieﬂieﬁﬁﬁg%pﬁldﬁzaﬁ%e %E' WE@toﬂeﬁﬁgﬁl of the at least one
indicative of the orientation of the at |east one

comporh withiredpeetde rﬂmahw nrioe teplacatiment, andi opongrol system that controls

t . . s
geﬁ%'g‘gﬁfbarp ggoﬁhgs 1en? wh?r%% tﬁg%clgngﬁi s;&sgerégr léelggl‘?f?shselgnals indicative of
Glﬁmfrdiemineﬁ)ts 1be peifaart s s@hegs’lﬁicﬁldhigdi d=Rired/ Ericditatibh cﬂfﬂ:@: at least one
treatnment to be perfornmed, the signals |ncluding

Gewprudt BibrR edartisies gre torbs dghiveredhOrth pateng &Pﬁ%ﬁﬁ‘éﬂ’? control system
et e Raild t?éaﬁﬁeiﬁ El‘ﬁa%eoankaechg Ehritd® sRerh Qvﬁlﬂﬁesoﬁfe ln@Rment image
wherein the control further Teceives the

tte daterreine annautyal andntaﬂimm clotie rap [leasty ghe porepaicntpeer tOh‘eeatment and

deternjne_a

R bR b h D B PR, PR Heh e Fomponen
WHier R tileatiient CO tHel dRbirdd)ieo i 6:0 OP@E @b lckfi®nacbmpdnent and, if the actual
orientation of the at | east, one conponent 20 prior_ to

PFEREHEN flogsonat Hacel asirpdsteBRringth cateria {oh porresrongienseo with the desired
Qﬂgntﬁt%wqmsemntt%p te'n{ sén%? %?%Ig@r% theoﬁdtlgﬁ'tt ]%sit eldﬁerﬁo{;@%e patient

a pre-determned crit or ‘correspondence Wt
lph-'ﬂl‘ld%l suell thair itlen aeitialo nriedtéteonc owre elosslys t@mspanidsto the desired

Si. 0. atl sitioner to nove the patient
%i&?a‘il %’F HFHE‘Q §€¥-ual orientation nore

cl oselpy figfief %ﬁm@aﬂfmﬁ & hhedides] HeshpyOddioBlyadysRm BiVih@ Fixed and

delivery of the particles. 25 Afurther enbodi nent is

anovalle seppRante g syster (cPPRTising o Leey, RRlieRf P eewfigiel to secure a
gyltel%e lnst% &thfpaﬂge E:.fln%blfeh %tltﬁyise%]gé& 58 n}% p}g;{ti%gt ? Qagt f;:}ﬁema positioner

. mih’lsd)met:ﬁedl oy thelTpﬂbni @owd 4ch as &8 plﬁ:fsttlohoﬂiehpatmt Ip@ﬁt along multiple

a patient position i nt erconn Ctedto
gr qlgmla]pa&g rgtga %S I%&mf ’qh@ SAa 2 ﬁ%ﬂe @Httheﬁw %Hzglﬁ éntercomlected

Ptk dah@y afd Qﬁ«%tﬁ&l'y%ﬂbcrﬁﬁq:a&lgﬁ(ﬁ{ ﬂl@l%.ﬁ% afihER Waltnhzlx'ib ahfurality of

gantr a radiation t erapy nozzl e i nterconnected
externa measurement devmes which obtain position measurements of at least the patient

| pod and nozzle, and a controller which receives the position measurements of at least the

-
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30 to the gantry and selectively delivering radiation
therapy along a beamaxis, a plurality of external
nmeasur enent devi ces which obtain position neasurenents
W 2b0s/iemst the patient pod and nozzle, and BCT/US20604/026679
controller whi ch receives the position neasurenents of
| east 7 WD_2005/018734 PCT/ US2004/ 026079
é’éfl?%mod %al%aé SPETIRG MRV RRGH ﬁ@’%‘n}?ﬁ@% sition the patient in a
CREFRINSe WRthReHett 10 tcl REmRRL ﬁﬁtcoifrébp@nd1ﬁ§ flovBHem ABRectories of the
W th respect to the beam axis and correspondi ng
oliermed Witlhrespecs to ethefixechand pavatdncopprnonistdf the fiseapy delivery
égﬁt%hl%seé 1{;)8{‘1 e%? %gé% Q %or%?ﬁ&%n g@ie Sggngm%g%%ﬁg{eiapay 8011151011 is
dedietted fmsth\ahﬂdﬂ'bﬁfen'accﬁmﬂnhmcﬁl ad inkibfis inndieahei 4 osllikibe would be
noyvene t commands and i nhibits novenent if a collision
& i ndi cated. Certain enbodi ments al so include
a pat r@eﬁhﬁ”&hﬁlﬂlnﬁ&ﬁ's £198 tdcRiden RAMOLEARGE afY §6lﬁﬁﬁbn aPdidshce system
radi ati on therapy system havi ng f1 xed and novabl e
denpondiatien drarapsebysterd heviye faed iapdrinaypble cempenenignend selectively
t t
BT BRYL ARG AR PoBERILAN Sernl D8 RREMA AR, AXA | Sbrisng o
Phurklite of axtemapataduceneht ddvicepasutged o oB@amfositen rieanfrements of the
the conponents sQ 35 to provide |ocati ?n i nf ormat i on,
SORBYHBISSATLP BV AUpTEPT RGOV DIe BilfspLTUpPft corfigured to
Rabrognh pafstabitdaly s ed pbatipP it f%EpéM th tHeeﬁa@i%ﬁtt support and
to the {)atl ent support and control | abl'y position
pentradlablyi positien ity @ammﬂansllauhtlphatramha}wn@k and Gﬁfatlorai(@sces and a
| er..rec. Siti n fr

SR er e gl Pl b L Bh e FRG T, ol Fsuremens
FléﬂW:sdlaﬁQ PRNEIRG t moTERn dcsmtrﬁzaﬂdh etrau@binevyhdd i @iibnt support to
S tg port to _automatical]ly align the patient in a

wompatierliyo slem ibe datig nitnp n@esgefl: G1OPe PN BFFIPINRE v foFesponding
%W@fn@ﬂ%d’é’@ﬁ:b@ 'vﬁefeﬂ?th@ QDA SHet %1&\@ M@hﬁ‘o%eﬁa@ﬁ SRYBPERIA inhibits

envel ope and I nhibits novenent of the patient support
infovamen dfitisd patieitssupprt lcfapeliismn mndlnatbqi a}lseslltwq@ the movement.
nove Yet .other e |rren

regi g&%ﬁ phg mpdigersing %@mgfhggt ,rf]gffggs go%g?l}l%? patient for

~ dEliveRebamgraply tiiiitoa Sy RAvEY findl dridxedenBndinol$hds tor@ffients, the

novabl e conponents, the _nethod caonprising, the steps
srethndssormsisiggths sisas P resitioniagaimfientdp A siehErimspiseose with a
{

Sl bic AR s, BAPAN, pRERLhE SAPTou A AREHAA point of the
fixxd dnch adleatt dneamvab]lae:ompuadﬂtg deenpiniend diffedate lvmtcm egween the
d ffer enée vec or bet%{\e ﬁ qbser Vedo%'{t” ti d

F‘?ﬂt ]y eP§WB 29%eélt &d B%‘Ee ePticpbdase %?’H’rl?ﬁ ifgrrespondmg
ﬁ%éﬁ&ﬂ%ﬂ&d@%ﬁfwﬁ%en@ YIRS f e aﬂ'éﬁtq:lwi'ﬁbner to bring the
trajectory for the patient positioner to bring the
p@tﬁné e the depizedd pafiont gogpatang monpeseg tbme{nczif@matr frajgotetyewith the

e se ltoc%t{o%ls %gﬁlr%t éleég{;& F?%Mg%f )t(l{eégﬁ%# éﬁ g @easkgﬂl%wﬁ)fle components

s xsatb lighibio MpeamBsitof tie@atat hositivtr bf 4 colisianie itdiatedt he

atie osi.tioner, if a collision_is indica
P 'Elhesg and other objects and advantages o? thesmven(tjlon wgl?gecome more apparent

from the following description taken in conjunction with the accompanying drawings.
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These and ot her objects and advantages of the

invention will becone nore apparent 30 fromthe

foll owi ng description taken in conjunction with the
wecwapEaBEing drawi ngs. -8 WD 2005/ 018734 PCT/US2004/026079
PCT/ US2004/ 026079 Brief Description of the Drawi ngs A
schematic di agram oan 08 erbodi meat ‘Ilw]% Sradl ation

t herapy system Wthﬂ%*&tq—pvwg%mr‘ﬁg systemin a

first Arschahaic dingam sthevnembodnungntr € b Aedifitibnl theRpy system with a
second orientation in Figure 1B; 5 Figure 2A

i PAUGRL POS{HODINg S B} #é‘-ﬁtonsmai«l@t %Sa%hoa@ 18 Figergdis apgyin a second
adicekiBRUEH ARSI on  and Figure 2B illustrates the
onagers in a retracted position; Figure 3 illustrates
one er&HE Adritlugfatey Opa@m’ecrdunptasxf t@tmn@bletlmasﬂna: mrangextended position
PRI ached: . Fi 4A-4E il lustrate
V%‘PI o%’ssre g%glﬁ S?%%s tbehr%rug)]%éasrsolll} PCREIGE R 1el‘)lé’rrbom ment of a
10 r adiigdr Orillhdneted Pye %&ﬁbﬁﬁienﬂ@lpﬁwﬁt p&sittonkt MWMvBIBR At patient pod
ne e (gdl ment of a nmethod of determning the
F? #9%%nd orientation of objects in a radiation
t her A mBEY Ufﬁoﬁfrﬁﬁ{stratg WaHER SostildnUstdralofRe®BE one embodiment of a
enbodi ment of external neasurenent devices for a
rra@afeantbpraprbb@teapy system 15 Figure 7 il I ust rates
furth t f-extern ur epge ces
for a%rl ? 'Jii gﬁ@t of g}]e e% og en éu{;ng i g gegce%rrjglgﬁ the position

chna@nama@cfn @ﬁt&u@tﬁﬁﬁdlrmion@ﬁer@meﬁd)r&h@m pati ent

posi tionin stem of a [adi at| on t herapy syst em

Fi gur &8¢ ﬂéi-l%ﬁ‘i%Rmcﬁ P STk FBEIRERRL sy for a radiation

exd 85 \ShtepRasUr enent and 6D 20 coordination system of

t he pati ent positioning system Figure 10 is a bl ock

di agr dguaé 7 dllpsitates nfirtherginshadanéersn ofreettenml oheasirement devices for a
a&mmnﬂm osgtgonl ng system Figure 11 is a block
di agram o Py yﬁ St pl anni ng nodul e of a notion contr ol

modul igueé 8tihe ek @iprar @F ohé eRbBUEMS bLMpredRioki UER positioning
-12 is _a block diagram of an active collision

SV5va 2h & eadigieg thergly ¥HeMnot i on  control nodul e of the
pat ' elFﬁ lﬁ’ §hdd ﬁegg@a%mto?%h? Elinﬁ&mﬁlc 511% dhSx@rit gsurement and 6D

|agra one e & ol I on avo ance
m@idhvatm:am*cem ofithe pmesepps&mnmgmw«nﬂ; nator of a notion
contr art

oper aﬁ%lﬁng %ﬁegg’%ﬁgh o et fl,llglf]%%{ l%\éc\{tr%gon moc{ule o? the patient

positioning system;

Figure 11 is a block diagram of a path planning module of a motion control module
of the patient positioning system;

Figure-12 is a block diagram of an active collision avoidance module of the motion
conirol module of the patient positioning system; |

Figure 13 is a block diagram of one embodiment of the collision avoidance module
and a motion sequence coordinator of a motion control module; and

Figure 14 is a flow chart of the operation of ome embodiment of a method of

positioning a patient and delivering radiation therapy.
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30 positioning a patient and delivering radiation

t herapy. -9 WD 2005/018734 PCT/ US2004/ 026079 Detail ed
Description of the Preferred Enbodi nent Reference wl|l
wovzolszigsde to the drawi ngs wherein |ike ref epernos2004/026079
designators refer to |like parts throughout. Figures

1A and IBillustrate schermtl cally f| rst and second
orientations dlctailed Deagrindipnahihe Brefy Bt her apy
systegLd0Q,. W%oﬁsbéoﬁaﬁéj Exe %KEI%E’ %%ﬁl thil@ lr8fdd¥nce designators
system curren n use a onma da University

Mgt 16 aike Eeand é)ltmighoﬂlio lﬁgurbs Tidand CRlilldstreiei sshamaticaldy first and second
descr | bed in U Pat en 870, 287 of Sept

6, .19
R AT R E‘E@ g 8 Bhsed on the

[Jl%ftcﬁlr REGfy S)?E’Eb‘?n E@etn@l 119 Qs 9 IRRYLIRNS UaTekl) Mtﬁilcal Center in Loma
designed to deliver therapeutic radi ation doses

Lmdg,eﬂalrfergna)ﬁnd/vﬂ& ﬁ@fﬁnhedpﬂt Véntatent 4,879,841 ﬁé§f’wpto?6 *1989 which is
0 fr
[RApRIROERRh B TR0 R0s, 180 ABRLOY DL, gt 100 i
dbeorey 3b atelii@O0thenpbutitemdatiganiosgs tH02 tmﬁctci'egmncwuhhasa gatient for
eneral ly _hem spherijcal qr.frustoconical support . . .
Heaiigntka naliEnaRcHR R OISR EPESmD IO oo gt P SR paigpigtions with
‘Egs?éclﬂ%‘o iR Aa8EAONTHNSERRY1(Yis 88810 PantAdizt wwieR ncludes a generally
I's on the structure and operation of enbodi nents

bémispherigainor yinsoRonisyl sepppyu figmenfay, stacheesigndosupport of other
3\?{%%%1@%?5"4 f %f‘e rad1at1§n tl?%&q?ﬁk&st'éﬂ 10?) %8(119?1;&1 d@ﬁhp oﬂfﬂile stziuSCture and

ncorporate elrr entiret Yy
op@emefembodinenaystiergadfP1el may b@fqund §6%.SaPatoatAN@ 41917,344 and

A P SR PR D Al e s o

'Eé?ér@ﬁdevay preci sely about a gantry isocenter 120,

ut subject to corkscrew, sag, and other distortions
f r om Tandysteim 1007 @;mrem almzlal 1964 wehighs pecded and supported by the

rg@alroggiﬂg 18{1tﬁ% ggl%yam Jo z'i]fgl %g e@g ggerlngg%w 15}13(9&3@31 about a

@ﬁﬁ@l Bbched 1p0ob@nsbjeding doalﬁhcf:bw C%E]g,mﬁmtmshﬂsrtmns from nominal.
t hrough and i s shaped by _an apertyre 110 to def.i ne

The Pyt 0 258 SMBIGIeP 3 it iog) BHIG® 400 JETYoFB TgipLom g along a

_H%l?ati%ﬁ %E{IH %84[11 %1511 BOZ bldn? Bf—‘&cgl@ra@é&eprgtbﬁﬁ e @021 beam passes

e nozz the aperture 110 ‘may preferably be

 tipeughf andak Ishaped rofyi apuapedure di 0 do dafibeathesansalic beam delivered along a

é}e‘{c%’r %{P %\E%F @%ﬁf thera eD t |%B¥l org%tcﬁj le tdtl%ri%gé( oEEie nozzle 104 and

afeoy;b&ﬁfb 100 diy fp%faamyt b BpdTEiTtally raafipess . fofrraepagesfe rparticular
100 al so conprisés one or nore inmagers 112 which,
pms@lpnemé dherapautic mdiatipetheney db|cer i EAPTEY e froflplg ppertures 110

&Xdé‘d?f%r 9]..%}6 Heﬁl@lmgtﬁfagpﬂﬁd position as

POSYY ure a retracted position as
| I I usu“hatﬁstemn IB{) g:nlsce DBiprifdse oneraaye motd Amagers ohl®  which, in this

SR, 2 SR TR 520 EORTEES AU AL o postion
)f(iﬁirgté %@c}/ gidfl*‘lgltu‘legﬁgﬁuﬂ anlfeﬁﬁdi&i pdRftion WE NRGathd Figne28e Mhe imager 112
in one implementation comprises a commerc1a11y available solid-state amorphous silicon
x-ray imager which can develop image information such as from incident x-ray radiation
that has passed through a patient’s body. The retractable aspect of the imager 112 provides

the advantage of withdrawing the imager screen from the delivery axis 142 of the radiation
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that has passed through a patient's body. The

retractabl e aspect of the inmager 112 provides the

advant age of wi thdrawi ng the i mager screen fromthe

W@ 100%0r973axi s 142 of the radiation 10 WO 200B¢DUSI8#026079

PCT/U82004/026079 source 106 mhen the i mager 112 is
V|d|n itiional cl earanc

not ne re
ViPHIRP nl%?h ega 251 e Jree o4 thgeePy PR P&&dﬁﬁwﬁﬂeclemce
I FRES fthel é@lﬁ@UIOZOEncﬂctkﬁreoﬁst Brelfas NN HeAIkageN A DM of the path of

em ssions fromthe radiation source 106 thereby
rrotiubklisgharméil redions frons Hicahdliting 061986 0p tesretyegducing e need for

1 al so conpri ses
é@?@gﬁ %%%pn§”m£§0§¥ﬁ%%g%%ggray sources 130 which
sel ectliheeysyene i@ alappcrmnnﬁeﬁtcﬂrespcnﬂmgrcaﬂ |oamom1x-ai3cmgmam @30 which
or. npre Xx- rgé{sour ce ax 144 so as gass t hr ou

IR (st BERTPRTAS Frostdiofien gleRe Pat o o TGP Ui gos 144 50 as
tRER RbusmBidrpsd ﬁﬁ&%ghssﬁghﬁéén@fa% ¥aBiokRPhicTREES oflthe interposed
The particul ar energy dose, duration, and other

axaiersaly wia tbtaruam drl Eh@pmwﬂgz e@m eiyéeel dygaticheand pigr exposure

|

% e?egs?‘ %’hﬁer a géa) B;@cg ?%ma}g gaart%tg 2 t1§tg fc%lnilrnf(l:agin%oaﬂgctﬁe 1ad1at10;1
anﬁkcw[l (I}6 folp dl@f@&dhllwmrnﬂ drf&ﬁmdplﬂmdnmﬂ ehéwill hetbabiyy anierstood and
of ordi ngyy S In this enbodi nent, at

il
dgtyEpings @Wédl% ’%’%31%’& 130 is positionable

such thafis eﬁlﬂcﬁiuﬁeﬁtaﬁft RN HLAS oPeS 1Ja§%o&@<’éh 873 @%hlhb%@such that
so as to be non1nai coincident with the delivery

abd 8-rayl pourckhg's éﬁf’é@@n r’o@mosmomd ge3s thée awvaralygeeirsident with the
%Sf/x%lg %t( qdfvﬁx% {311% éd]fnni%gpq'oflﬁ tﬁg a&\%g{a % f‘gév%&pgl{go%ﬁwnt image

m

s noniha irdenti c
tfdsmgm&tionﬁhfrﬁ pgeishsive vx?ﬂilthSls Qﬁbﬁlﬁﬂlp’é&&tx@dl so® aitﬂﬂﬂmmie Berspective.
the aspect that a fjrst er 1%1 and x- ra ourc
X qelimeph glsg lgcé@&ﬁgqu%ﬁ fat g %Haaser.lé%/ W‘B’e’s"l@ﬁ 130 pair

@ﬁ& b séofld AhERP e R4 ARNI8l BY pSF LRGSR sh%tarﬁﬁﬁp orthogonal to

her. Thi s "enbodi ment “provi des the advant age of being
amteoth@r bhs amho@a:temepmvndma@e gdvantage wbbwng Hdebmelitain patient images

e ives. to in se reqi strati.on accurac
HE R EEPPSEA PRoBoYP R Br ot PRTHET R IR o) NADiTH csorbed in
Wit ﬂbt@.ﬂrﬂ)ehez ST g gungsyEtBﬂ M Do @Bl Aas ¢Hd 981@mis Mesdribed in U.S.
Pat ent Nos 825, 845 and 117,829 which are hereby

PaicBY est éﬁ%&%@aﬁe‘? L Rbrdavhigh %re%ly@mcqr@eraéﬂdgay referenice.

conpr
pa{‘rip eg\tﬁ‘?gy %Hpgq%ﬁ\%l CEE |SI§§§ t acﬁ%%ﬂ{‘%hg ?‘5@‘}@39%9 @ patient pod
b6 keihivgy ie atthobéd tohedipiat beworkingsintliod tier paliédt. positiengrallde rithe patient
03|t|o 1 adatedto on.recei f .
D litisr L L is SRk o Eo PR reipIGE s OBiS BB semmapds, Rpsition the
RaSknt 384 i1M6 MY kfullR]1€ thah@Rnal dfandtatidnsl ke Ald PRAdratdX @Scapable of

and preferably is capable of positioning the patient

podtianieg ithe paiieat pod tlﬁégnriélreetqtﬁlngq’l@l itiepdtiogrle sxegsaswaell as three

%&?cﬁél ﬁﬁotaﬂéﬁe!f 08aN8 1, b d;(S)r%g?Qr?;%l 8 §é’ﬁ?e%io£1° f%{t&%lnqg placement

ree tree
ohthepati¢ne pbd plfd 116. The patient pod 116 is configured

to hold a patie cur i.n the ient . .
J1“%4&: pat?ent pO({] 5168 1es conggl}}e(!l to golg a patient secmaytin ppace in the patient

pod 116 so to as substantially inhibit any relative movement of the patient with respect to

the patient pod 116. In various embodiments, the patient pod 116 comprises expandable

foam, bite blocks, and/or fitted facemasks as immobilizing devices and/or materials. The
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30 pod 116 so to as substantially inhibit any relative
nmovenent of the patient with respect to the patient

pod 116. In various enbodi nents, the patient pod 116
wonpri/ees4expandabl e foam bite bl ocks, and/peT/Asioveeaso7o
facemasks as |nnDb|I|Z|ng devi ces and/or material s.

Thgeqt_éj]bé| ]\Sll\g 1’3[3 %ﬁg}‘ 4ycgq%:r US 38?{]5 %ggjé%ﬂéﬁ‘%’g Ieggotun%red when a

Gttt EhitRB iRNEAMNEVaY aWale Bdg orltfaBat&e Maid @Ghé Qéhent pod 116.
indicates delivery at an edge or transition regfon of

tAnslitiae] dotailsp@rafamsed epbrilimpen af theatetipnt PogiHiopdreflérand patient pod
Slgg %%%Poﬁd ﬂ%thgfgoun Biyeag{a R Sa'g%c%ﬂﬁﬂs (agr14a|1 gﬁxglg%dkﬁ%n; attorney

can

&opitet Qﬁ:hflb@n i(IMARRHl 128VR0e renuﬂé&rbmwulaﬂ PGHIM)S@PM stem” filed
nunber 8VP entitled, "Mgdul ar Pati
ge%ml 18&69?&%*6%F?relnﬁ%f%eﬁfifﬁf@ﬁaeﬁml%

i's inoggr &ﬁtﬁis%élﬁ%ﬁéd" inh BerfatrSapBRtdtioRs ¥F thY sys@he 1 ®0) Geourate relative
As preV|oust nmentioned, in ceftain appl i catjons of

piositigying anf XUENtatert of Are thesipaptio, beanp GeTerD A gt4dnprovided by the
e I [
g{rldé&{bgla&ghgc@ 19k it AL HARE Wik, BRAMER & bt 4% atient pod
116 an@ patitdti positivaerpdld &ntn aspapp@dilet thy S.ybtempw(] esath as when
pod 10 116 and pat] ent p03|t|§§er 114 is .an.i ort%(rj]t1 .
GeRPTIERE f R B ey Sk HewRrES B Laped; the vanous
QB&%%ﬂ%‘%ﬁ'@ﬁé HREARY0SHSH §8he BANBVRR, th8 HoRE VD wididtion source 106,
ioned, thé various conponents of the s st em 100,
dhirimager(s)Ha 2gthn patjent positioree 1 ih k¢ patipgupod: bl ard gray source(s) 130

Bt el R M s M B2 B AR R momina

poki}iee tind @Hcarkibaivhich e Bffsct afcusdtd duliveyaif tid texmato that patlent
novenent tol erances_from a nom nal 15 position and

or | onE RIS AVARL WD GRS GEETeR: AgmgeRetia of FEfgn GpmpRpents of the
g?%?ﬁétf[@() Lhatudiald §Pihe bnﬁteﬂ%‘x%%vsIb%ﬂf"ﬂéhslaﬁohillaﬁ&ﬁ&t@ﬁ@nal deviations

rent arrangerrents of certain components of
ot pomiblthainun iopdir ¢atie dystemhi®ObFalcaampler tyvibe bmbhdlment shown in

58RI B G LA, WOy ad

entjedti o RRAdIRH QUtd Fravity, PaftRulafly dt h&uﬂﬁZﬁdcﬁvel%taaEﬂds The second
first imager 112 extend substantially haorizontal

amasep (13 Gbpreeeed wbperAtiyg edtrally andydipt gybiech i Eheéw%?wl bending
?ﬁl‘" Eﬁéq Bkt I[{’l gﬁ 1%'%1%' 154 Eﬂl FOAS e BBteRLEAN gl a'd‘%ﬁt arrangement

IS arr tantia Iy verticcally and is not
$<btbﬁeécnppto@1ma‘teiy m5P|cz>ombazllochermd| figm thé oribmatidnr of FignagdA. In this

EEN TN STINETE NIRRT TR ——

GONRY EhR! BCK Wi Bfert r&@%deh@m@ﬁm ey afiémaionf illbbtedee il Migukd) 1A, The
this orientation, both of the inmagers 112 as well as

e emeilf shel gty 1 82 bgﬂgﬂeg@ flifferpnp evientatigng sae ais illustrated in Figures
a t n
g#; ééﬂr{ }/I? Iagsﬁ su Fjl%ﬁtgtc?’a xgén?éqgii_ﬂl%gs{ygth ﬂ%ﬁ?l Iﬂﬁ%@lé:#e tr(])Ieral}ces at the |

iveigesnihyes LAPihbet dwianond ﬁﬁmmemnw aieenteagti pertmﬂyslupﬂedm&'tble, non-
is illustrated in Figures (%Nd IB also s

cts. . .
e S0 Yr0 Oy o B G AR B EliO e, biviscl xtremely

@Ealfe'ﬂ&mg P Bgit$ %E@.ﬁeﬁlﬁnﬁﬁn{ hes@acdeViabilone igpdbiated that these
nom nal "are at | east i al unpr edi ct abl e, non-

dematlons from the nominal orlentation of e system are simply exemplary and that any of
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repeat abl e, and additive, correcting for the

devi ations on a predictive basis is extrenely 30
challenging and limts overall alignnent accuracy. It

WO 2003g8B@ppr eci at ed that these deviations frpaT/AE®4/026079
nom nal orientation of the systemare si nply exenpl ary

and t 12 \\O 018 S2004

b2, o Ol ot 6,15, B G0BRRI B el Sagsad Hin withous
&:Lepireﬁgﬂbﬁctheslﬁﬂt draliepsent inkeition. depart| ng from t he
spi rlt of the present invention. gures 4A - 4E

i |1 ustHiAgHes 444 - éﬁé‘&tﬁ&*ﬁted%g@ﬁﬂer %b@nwﬁmgntapf PRI ppgertainties or
&Y bRIcAdaf Sr&Ent BEH
SRR WALl GRS bl 5 S AR St
mozzlb 804 aud tha darpdidissurafdlve patissine anfsobdnterp20i EngurestdAeAL illustrate
PSS R B 8 i e b BB o v
djeSdp@chi%iﬁedaﬁhdt e ShlilceNst erkdr ddstribed Ree gl sllatethvd bBithe types of
t he so rces of error described are sinply illustrative

Stropsrddisssrddydhe systean L QO oidhe dlsigfed 9111?%1%9% e thed thegystem 100
td'%&ribtaé ;Lseaw@@lf ﬁ&%@ghgm@o@ﬁar&b ajy que %m%x&hfem 3 Qftance SAD is

described T's capab addressing additional errors.
Idefindd as acnobreditoreris distaneli Soratleera@aiinn sul® i96fto ﬂ@croagom axis of the

o) utbﬁ e t ‘gg} g(.r ifd??'n Igf}gi t H%gg{l rﬁlger%‘t@%ﬁtef 39@) \Aﬁog ﬁm%g%eg |Cc1% fxplanatlon and

rap;sreasn@h bP vdaiivieRale 06 efift@ices, 30 . thiE WmHRER@S,ESADf is approximately
expl anation and appreciation of relative scal e and

§AeRl Enedduesth t hi s enbodi ment, SAD is approxi mately

equal F{ @48 iIMRERES thaf A3 Wi the éj%‘ténltlgl%hl B Sferiol ¥ e%ﬁ‘ror where
the potential sources of error is a source error ere

i trdedotative of theatdigionobutchd 06 sdivhjetian 0§fm1rfmm 4 p@sirsed or nominal

FSRHEE off. B e Bh RSt iy e pipvided by the radiation

cadtal G@ﬁasb&fﬂtﬁ?fo%@h By ® hskedsdh foh @&kl TION wkﬁcﬂlusfeﬁ% to center the
106 passes through two transni ssion ion chanmbers (TIC

@Pﬂ% h Theseee méwgtéﬁ aeFlG hand BEaprandrihessare plse piiged & Bg n)ozzls 104.
noz 5 F&C% 6&69 %ﬂ%s’% ﬁ&g 1&%?6?&5%03:0% ﬁﬁlﬂlﬁ ﬁl%gel{l&ttcﬁethe beam as

€ source error can arise Trom nNUNErous
sbrgradn TIC! udiding 10 \Be erectin dife tideegahtra ﬂﬂmsotﬁfbnabagtw enli error due

n.TIC 1 and/or. TLC 3, r in th ru 102
P i Sl hindons Bty St bF RS 92 s
%ﬁ&@émoébn{;frﬁmgra@me%f h3an@asfiion Je@%h@ﬁadia&mﬁ QAbakE906 from a
Figure 4A illustrates source error conprisin

- prefwaed er nerimak logatioposidtthe prappgatien of Al wmiliagan %@m @eross the SAD

&%&néé %?3 %h t]pef a%% ﬁt@%ﬂé@ ! aq?/?c{n n@%corl' }gc X 0%261 %ﬂgt lé&'ﬁnter 120.

d| st aﬁxgaretm ﬂlwgﬂﬁatémposalro&rérwreaﬂsb@ bpriagiidéatign &rror, where TIC 1, the
corresponding error_at isocentdr 120, 25 Figure 4B
Fadiatien sqprce lgé’s%l}dbﬁé? 3 aFopittes fomy ap jdeq] beqmy @xisiRgssing through the

| %Srﬁﬁl%l gMAST 1%0&!1&' 120. tﬂ? ther &E&@qu@ﬁaté@yg} Eiuidfy aﬂ&IQBTellgassumed

are offset froman id beam axi s passing through
randompandi mubrrgamd,r they sac bm tcambm% in Asadrmreemdopxs.] ected through an

IIus ratedb e4Aan
boni B St St HhE pPeRe S B Rt S b Sinihption e 1o
Ridthtiph ot ad6t éifdi’tiﬁligeat@d to the isocenter 120. In this embodiment, before
corrective measures are taken (as described in greater detail below), the radiation source

error can range from approximately % 0.6 mm to + 0.4 mm.
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" location

assumed nom nal center of the aperture 110 to

establish a total error contribution due to 30

radi ati on source 106 error projected to the isocenter
w20od/ms13hi s enbodi nent, before corrective NMPaFUSES4/026079
are taken (as described in greater detail below), the

g A e 3 e gt BARRL O RS rc 110, The
PEARST2EI0AE QLB sofnicd UDE isthssirhédBEhRARE ho®EV&R! erfdr or uncertainty is
uncertainty due to position of the aperture 110. The

| peadysh &ith (hye talerancst sRsk-wo skeve a0b e ofshammsgzle 104 as well as
namn - unGe i Nty i i .
R e ilO Wl G hOho@lud IRALLA, Nokia B ol AR he radiation
namrdeel 060urags theedibtams SAD utha ebminiah (pot@lteri@0cebeant délbery aiming
apert 10 itself in, as projected fr th
AP EeRes if Bl ot i SAD 4t 4 fgrual BDAP.
NRINhiR@mbo8 RERR BT BIOP eforR@Riy 3Rnl ¥8drin MdApeBurePQbNbcation ranges
(BDAP) error is possible between a presuned nom nal
agpr@xapately ddal mepaR: 1.5 Mt hi s enbodi ment, this
BDAP 0, | S r.Qr..J.r I e :
Tyl 800 Ao UTbEE B lenlof by PRI impager () 112 as
mwell dthe syrsy smarde(d) 186 asilllsdrasadhn EtgurdsctDemtdotE. dtigurt dD illustrates the

posi tionin f. the i mager 12.as .10 _well. .as e )
o pue R Pefunb 15 gede il 17 sl witeing apeidSied G gomesponding
4ErayFoftteR) 480 iabdubtith @l D] (b8 ehPkiody SrobPthe x-Iay source 130 pass
uncertainty in the inmager(s) 112 position with the

gough B refientipesusesdriecsted wabstantially atdgocsetar LAyl ongerd to the imager
u : Si,ans £ e ay, . : .

03 T 30 Thay 6F AMe R ThEP LRSALY SRhACalT Rty gypbodiment is
sppsixanttelyl doyalah 1.3oeent dirck2Q wmoettadiiwat thet toud Pidsition of an imager
! %er Ade Lo §1df1i L -ant PHL ob‘e' dIof L eerier;lt ert lhl%.[]e}rg]rg due to axial
48 a7 StshERTAAGTA! AUEIR e doRERR of Serimag

AR AX b e84 8ALB! wiiP redpett BPIR Prredfoh@ng Xray source 130, as well as
uncertainty in the true position of "an imager 112 can
frjoeinfregatrdtmnataagsdiobtagnel y timeger rld2 tpdei DPRBs  bf thishenbodiment,

RS Fortebony ik e SR e a? Mk Ryl g o

sour ceSithBeHly, FguehE ildBtrates E06rS dud td RPeRhinBL inQdsiBibning of the x-ray

i mage bt ai.ned by inmager 112 to the DRRs. In this
SREEI

_ A, With, SreoPesitionr olethe; ORresrRamEmg, e (Rubl % asumedh nominal.
IPIBGBIE sduréePdiCrRP BLOY tH@i—‘?%%’sog}l}GQBa PR de%ron! e Bidi¥al alignment

Figure 4E illustrates erro e to uncertainty iIn
(96 thict3-tayi sogreo 130, egroxs: arming fsow nee¢ent 13 thak-tdy sohee 130 into and out

pesi tion .of t cortrespondi ng i mager(s) .112. assuned

REReRaR B et SETP U flaR PE e 3he R EgERpag ot TIC 1 an
Y013 ThbSertdis hid Ao Qikdubed reldSm! Mdivdbdrrdhted bl BAERAlent Bhd are thus
the x-ray source 130, errors arising fromnovenent of

PAdeddn aydaibng euliing in Hivembriipent, inghror Hae fpeepeh kit source 130 of

ORI RLS + G ) interpretation of sags and rel ative
%ﬁg’t ances§of 1 and 25 TIC 3. These errors are al so

assuméd thesecororaned ramioor ol intlgedndent iand epeorchdntd anidihas potentially
th added hi adrature resulting, in this )

SR s | SRR b6 PUTRallD A PraBtiFce ey of extemal
aRRaRXhERIRYEs §24/td'@aluate and facilitate compensating for these errors. In one
embodiment, the system 100 also comprises monuments, such as markers 122, cooperating

with the external measurement devices 124 as shown in Figs. 2A, 2B, 6 and 7. The
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As these errors are random and i ndependent and

uncorrel ated and thus potentially additive, in this

enbodi ment the system 100 al so conprises a plurality

Bi0 286F@BT3Al 30 neasurenent devices 124 to evBRCTEBW04/026079
and facilitate conpensating for these errors. In one

enbod| nent, the system 100 a| so conpri ses. nonunents,

SytHah BRIy devises blogel Q{Jﬁawgm%ﬁfeﬁwpﬁ QPR ghovt the three-
NRAS RIBYsithE%h \gi%%e S 2R OV dhefis 85 thed4sterd B0O 8s indicated by
and 7. The -14 2005/ 018734 PCT/ US2004/ 026079 ¢

dixd memahenteasWek s ane dewprelixed dandmaelks LIt alpqreferred to herein as the
Ileaﬁ?lafffﬂ?nt i nformati on about the three- dinensional

pdStti orf"i n space of one or nore conponents of the

syst e {tfDerdBodimeihte dieaatdmal nich@renom derite 124 coplpkis@isommercially
one or nore fixed | andmarks 132 al so,{lefer red to . .

[EsikPle grnartte Suohygt (HEOY dipitalseamerishvith dtsaRRRleifFolutigpeand frame
%&E&ff%lo- 1HROSH GITER hdglﬁe\ﬁli obth SRR idSeCHUBREEIVALHIY  ficld of
aval | abl e caneras, such as di'gital caneras w th ‘
rvixgya B2 6¢ evhicteimothist énsrediment fs appeoximately 3 58 fhorigentalbomwds70° vertically.

i ch.i ndependent | bt ai ptical. i j ect :
el RERGERRent RGP 2 ik PR Ll B Sqmmoriaty
iaSaiRPRY G SRLRIY a8 doipdrere W ahd WicadTrétkey apitbaaidny . Vicon Motion
The external neasurenent devices 124 c i

npri sin,
SYEIPIA| 1195 htken FETebmdy CHAVEYEL1 00 oAF SBPRditegs, the extomal
%Eﬁ?kﬁmﬂ SieSREP 9L RES cQhpisB8acd GRAuIEAGH %Vﬁéész heRI:f o @) location

on Motion Systems Inc. of Lake Forrest, CA. _
doviessan additiow toharas enbitetnative tethe phigcad sareerangf this embodiment.

ovi o8t BRaPBPOPRERD FbcANeR o aauter iR (R ronectve

Qindasianviatl &6 Makd wevaioud denpontite af the 8ysemnasomin tHs @nbodiment, at
enbodinent. In this enbodi nent, the nmarkers 122

dsaplbresemarkersié are fradgRicyely omropentnd the sysiegh Hifhefdgterest and are

'%ﬁlgr@ﬁéehxg%%ﬂncggwgt&&lr@e;gmg@&ﬁ Bdm L BertdtBhe Rpr evenly on

I's e east three markers 12
avmelsj et the dheh Tenpxtaehmeasurerhant dygitesnd 200@e efranged such that at

interest and are r ef er.abl | aced asymmetricall
ORGP PGS ALt PV RbDR BT §F e 100 and
G efeSpopahUharkbe 10D hkir kLMW hAdin SRAGHERIREL 2 total of ten
devi ces 124 are arranged such that at |east t

extemehmeasyeaeant deens 1dd wieqwavidedy Thig\aspegt groyides the ability to provide
. of t ' .
ERSRARCRYG e B RIDD (AR (et PO LRTR ARy detcomine
dreb dhiian tnd driehiatiow fof teempowentse phdlhe rpsdswrldde The markers 122 are
devi ces 124 are proyjded., This .aspect . provides .the . .
amvpf}cegﬁo ]f%fﬂbtﬁw 9RO BTEISS SPERBRAE O e?%@%‘h@oﬁwmmﬂ
bP tRNGHESs INRHRYShE MARR 112 IRIEHAAC HEWERE ¥n e EMbOEments, the

“the loCation and orientati on of conponents of the

systane 400 @@ploph dhanewttoplonepsmremert degicey 1 3btp eljain position information

bGP ARG ESE' G LT D, Bt s s o
Wheinei, doeprishipkiie Syslea? 1 Girweitiadt i1sced theumena markeroi 2er

enbodi ments, the system 100 enploys the external.. |
meas uF &N ﬂaJétrate%gnemqusn%pgﬁﬁe%gms itnsPeftlaiosition gRd ansular

orientation of a component of the system 100. As the component(s) of interest can be the
gantry 102, nozzle 104, aperfure 110, inager 112, world 132 or other components,

reference will be made to a generic “object”. Jt will be appreciated that the process
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based on nonunments conprising characteristic outer
contours of objects, such as edges or coners,

conprising the system 100 wit hout use of the external
woreevesB22. Figure 5 illustrates one enbodi NBCI/USH004/026079
determi ning the spatial -position and angular 30

orientation of a conponent of the system 100. t .
é@ﬁ?sé?ﬂeﬁir(t%f) hict it Brogesd 18 el $ikig & YHR Wﬂ%%?f sifiple objects
%ﬁ@&vﬁg@@caﬂa@ﬁfeﬁ W &tedd Q50 | {1BQ9Sterh 1200 WAlHratesl 32 @fultiple external
ot her conponents, reference will be made to a generic .
'‘ppusernent deviced 134 wish sgspecktd each dthen gud igeverid é%fgsln thejglibration
2005 8 PCT/ US2004/ 02 9 Cl.iqb r .
SBedts SR thocetiofe Pl GosfER S B orchiion of cach
feRiernalinbisptetenbiieddes24. Tiad dystamnng0 alss datetmistsihe fochtion of the world
state 150 the l:s%stem &OQ cal.ihrates_the

[ tipl ..
338 sk can PESE RIS I -ad Tz a0f £FF §-L0p PR oLgpr frame-
%E—?&Ereﬁd%%fttﬁhes 901 3Fhe Wdhd 132 2Rl dibdts B,%mp%f%@%lgﬁ component or

the system 100 deternines the spatial position a
atnguniartharis enstantially kedwithinsthe el efavieweefsthe exiemal measurement

evi ce J124.. The . gdet.er m ne

SEHhe AP ol BTk L R My gy ot o
Jeikiis a0E Barl cdnfjive tiendordrB20e fioht ofl reffrahdeafbr thieiegtemab measurement
frame- of -reference of the system 100. The world 132
davicesdZ4cour se, conprise any conponent or structure

that xSy, S SaM dafllihfude 3R br Wik hRrdehe1 £ 18 nshved wiih@he fields of
of the external neasurenent devices 124. Hence, )
yiemu t2uokthe ehiptnak measvoemdnt devigest @4ndy dhopxtoapl weasumegt devices

result of the .1 S i,.Se. 1 | d. )
358 b e B BT AU A OTRE D it
deMhdt 8Fo)liRde af\objastdn twhictite sramof the kystien dORInGheimbeld of view 126 at
markers 122 is noved within the fiel Sﬂg view,éq%ﬁ of , d
PR Byatetingl theaxtira i cerasiates dhey judepprdeptly, RIQYided, lgcation an
%ﬁ?ﬁ% fHhCEem dh BiEmA’ RGPS ChvidRai24 and determines
mul't1pl'e external measurenment devices 124 (in this .
entediverefattoss sah Heaghe tvdiplnasxéerasl wispweamanh deiges 124 provide
activ rea . of the.system 100 in eir fiel [ o
Tpee R R Bp gbh ue R R HE ey P LT ek ol galiraron.
ITRE SRRRERA tlavhPlaMl heshs |16 Calitir@® AN gxtemhl SRtk devices 124 are
i nformati on from each external neasurenent device 12

Aripndent onrheteBumbes TelEYe SRICMECEORSIEAEPFYAions fosach other and the
! n i Aol Qb artioul
%ggpg%%eﬁ%ﬁlcg%itg%%gﬁfgﬁ{ﬁé s?eg%{i%ﬁéi n o?mati n tﬁ% partetar
iapplicatiag] kenewrt wild bt audagoaihy dreaifi cwdinar@Gkithia the art. It will also be

parti.cul ar pathematical,L steps to calibrate th

SRIERER Tt AR HOP R & opege StlflaD e nese to be repeated
tNGlel or THETROF the Gh@hil\BeaSRBmENBevBEO IR &1 alld 132 is moved following
orientations to each other and the world 132, as well
aslitritoncoor di nat e system used and can vary anong

parti ggfé%{,lgg 3}%2] lg%@b%é{;i(oﬁnfctate%\ﬁeﬁeétﬁg h#zt H%It:d:{fg gfmé;{éngggeasurement

by on I'n"the
dApHt&cizatodehib Aatmadt ofehd ebject@ppf incortst.dfrem tfhérénages obtained in state

- calibration state 150 woul d ne to be repeat

d 25 if_.
die e s 190 deframanes érq?aqesn?ég@a Breiiar S0 08 e Gpiect from
e &r&%mhﬁg@%ﬁgﬂl frRbdPMEEN device 124 which images the object in state 154.

This is illustrated in Figure 6 as vectors 155a-d corresponding to the external measurement

‘devices 124a-d which have the object in their respective fields of view 126. Then, in state
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calibration. Followng the calibration state 150, in
state 152 multiple external neasurenent devices 124
obtain an inmage of the object(s) of interest. Fromthe

C woegesoiestai ned in state 152, the system 100PCT/US2004/026079

determ nes a corresponding direction vector 155 to the
object from 30 each correspondi ng external neasurenent
196y iee sykRdn D odalmfa&geﬂletwmntob] epAce | Whase dbe vegars 13h(Bigure 6)

S|Ilustrae in Fi ur ec ¥
BB I PG T T ST aF b HEoieq s d e fimensional location in
g,gc‘éavﬁthvﬁafeﬁéﬁo@ &y ﬁlet\b&lcp by Clor tife §Hjest corresppeding we multiple vectors
lefds of view 126. Then, in state ?f? V\P 2005/ 018734 ents
IBETFEUBR00 HedoBtv Asiths objepichas petrnP Higes WHT HIPSPIRoF o vem
0' nt a EG18" Getdrpnnd Fhd) Whi@e-Bimensional angular
e é”flers 1 |]€r%1%s¥gig ?9 |érﬁltétrsge§€tzt Sltlate 156ethlljes}:1 B
JrRhtafies ofith hnbgaet oy esehsitiog die tetae losatians of disaiadividyat parkers 122
reference to d 13 124
BRSPS i DT viet: e SRIeRE] mepsusement dpvices
Joﬁﬁﬂsé QBmerd® hBti:@véi‘bb@C&f hasmbeest cnffa\tnﬁmlm th bh me@l to image,
nmore novements 5 or markers 122

1
.5 etclating fentscHtioe, pﬁ ﬁ@emamﬁ%ﬂgﬁ Sibpurgaiige Hon e S of e
Q%%sgg ﬁitﬁ Lo Erhé 1Y ahabd Rgeib %leﬁﬁblﬁﬁgﬂéﬁc or audio

| VI mar kers 122 associ at ed
ety lhélﬁdlﬁ@ yeitle addmohmmblle rvpiveln&gth ghérpy and wiasguns gag be used to
measur enent dev ces e caneras, however,

igHRge BF dACTRURAJRT Oﬁ?u%%fﬂéer \ﬁ ces can be used to

| Mgeyne Refion A& RNt hff@miaﬁ@ﬂtdleﬁﬂnmed forhie rmbjeulrmsrprewded in
wi t hout departing fromthe spirit_of .the 10 fi’]té) n
ftate eXfli 6. useninpghet Fysiamrl00 gasy essgbed, i %‘?ﬁtetr E&Ne 1 ONC

??}’l&ﬁoc‘f?%lo “.illg %‘é\g@a eng#g 150 c&al! ﬁé gé(%érﬁﬁh Welino aﬂﬁrﬁlﬁﬂaﬂ;ﬁ&% minute

energ ul tra-sound can

Medlon@ the BREE D00 td)edeedfrmmnethb lmbjelcbs: axcatm mfst¢t¢ﬁe152 154 156, and

nmonunents. The | ocation and,

He torwifhie 8- Lpwp apchericHiTion o e B’r@% 00 0L TR0 R0 than 10ms.
Y&l RBS el Hﬁﬁhal eguesbent dewces 124 can

%Qprelérb%ﬁlglﬁéévlvﬁ&ll% gln(gﬁ@rjfg&gan%édl rrente t he gal i brat

&irqirae]lﬁ&r aaeasmgmpygtr fiemicesd ragiaq- hqcp,thyp B?‘(ﬁﬁsnﬁt el gﬁ‘gces that can

m nut.e

@_ﬁrjfrgglge @chg%{o oF 1st( %tﬁ@%}éggx rg igﬁxtegfgﬁﬂ daéﬁhcteg‘ £24 3 in, adchtlon to

W A bd aRerdiiead dh® Fak’ﬁﬂiaatneaﬂlrhﬁenm dehrices D241 Besaiibéd @bOVG Thus in
| atency of no nore than | Ors. As E evi

orstainl onkeflimpns gishgle eHernd Heaspemeph device; @?’n‘éf‘ determine both range
TEASHL SITRNG, A6V &? t3-2dde e fHRNGYjéct GodaB8L and orientation. In other

neasur enent eV| i O- I ocat | on devi ces or other
slabbdifents tht emmaﬁﬁleai.m'mamt devickisr @4 rode enly distmee FHergnation to

fromthe external, sur enent
s oniget et s s FRRRA B8 eGP e tho Tuersecion
gﬁgiugt e %aﬁ @ﬁﬁfés hegieAldoME the TdtiRsponting cextdradl nneasurement devices
I'ments a single external neasurenent device 124
t2h determine both range and direction to the object

‘1o deter! $0 xﬁlﬁ)%luﬂ&ltf e;@t a nﬂ’lﬂa@@ BorpriR0bAd bPMord Weal position

ot her measur enent devi ces
f2Abpkodevites on lrysobhiest ma%enfeg,r&gurgnl)t Fhe local feedback devices or

resolvers 134 are embodied within or in communication with one or more components of
the system 100, such as the ganiry 102, the pozzle 104, the radiation source 106, the
aperture 110, the imager(s) 112, patient positioner 114, patient pod 116, and/or world 132.
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25 the object and the object's location in space is
determ ned by determ ning the intersection of

mul tiple virtual spheres centered on the correspondi ng
wotessmas7zeeasur ement devices 124. I n cert ai nPCI/US2004/026079
enbodi nents, the system 100 al so conpri ses one or nore

| oc ositiaon, feedhack devices qr resolvers 134 )
(ﬁéf,%@%?@a% fiires %?2 Pf%Vé{?q 8?3“3%&85@_&“ FGTRBOn Jelating to the
3Qsdces ¥ahfontRtoRER SaRad 60l 1 {ds YmboBiments, the local feedback
conmuni cation with oné or nore cggfonents of the
dexiceml I epmmgise hotaw enpedega dingay enoglers; pavesp 2% pler popition indicators
t adi i . t he . i .
8 b G5 BEERICHR v b 0P o BRR1LHEN bBrerb Sl one of ordinary
1sk8] irathd/agr Toideal fe8dhack ddvicdd 32006vi0d RidBgendent position information

PCT/ US2004/.026Q79 . The | oc f eedhack devices 134 .
ﬁ%ﬁa&e q Hﬂ‘é?ﬁg ethe syuer f%hm ﬁffcﬁﬁ%fq wgﬁ%ﬁ% Prqyided by the
tdrEermnA2sAGirdhed d6Q8RANE R mefe &Bﬁfaég%fﬁbﬂ @4 patisnt.

vari ous enbodi nents, the | ocal feedback devices 134

conpr iBe sygerarlfl alre sgeipsises, imiiy erebpdimetisa peseisippatignt alignment

' %&5?151 @9%&1&8&9&%{)}%‘ tﬁ@io%ﬁt?%n 1aﬁ(§ne]i)r89m {ncgt?t% l(_l)gO go)}: the object(s).

abl'e"an e operation 1s well unders
ok ilbktraed in RigyreSs, Ské Iphtidnn alibemeatttsystdine2 0ogahprisee d baodmand and

devi ces 4 ovi de j ndependen ositign inforpmation,.
chic Capdie 2 F?m%amw&pwgaé? SHRLeR G 0irp BRIt Fgipgion module

tine, a4 algBi b, A RModB 6 Y1981 2, bRy AL IR LBAE Rer interface
devices 124 to nore accurately position the patient.

P16 Spstpetient @hgurhey sysivm 208 exiplays lacktien miradiipeatovided by the 6D
A6 S8, BEM R0l AUTRDlo AR A0S M B e i

ocation in In'state
Glokitiohdrs)14 to hehid% d ddsiisd fraiterni posEiag ifdicatied Hyhthe padstgiton for the
al i, gnnment,_ syst em 200 conpri ses a command and contro
ﬁﬁHﬁﬂ@“ﬁ@?i@&ﬁﬁﬁW%@F?% ‘with a 6D system 204, a
pati enf t£i6 Frdbéidlch? hdBOULRten? O r&LBlEs hoditih &P fiok the external
noti on control nodule 212, a safety nodule 214, and a
usEsuiemerirdesices 12414d fidme thearesadvers 534 wglhiting to By sveentdogrtion of the

enpl,o | ocation i nmati on i ded the 6 .
302081 Dar e Bhfil A JTRbR  PA. I} B Yol MncP PLa, and patient pod
MY Lastvid] 13aKzZloeatibd 41 andlot HBredatet eikimbbks 1082 irtdicure) in Flgure 9 as the
to achieve a desired treatnent pose as indicated by

tFRElont 325 cHhepied dandmarlis 8 Word; Bt PIgYige Rden-mpRy it tigigog frame of
FYeRe 0 el R S oy, ool Qrae R fampaonss of
cediatoes the@gy apserhr 6 t Wbisrleswloneinéordadon & provitgd tto @ pemary 6D

current |ocatign of t ozzle 104, the aperture 11

PREt PR ot e WK A0S Priory OREAIaR fom e cxtemal
PadabR8heROdedébs 1154 @9 VWRblveRs 18h el gl Np&¥iticinendr orientation
nore fixed | andmarks 132 indicated in Figure 9 as the,

woendinates 2f these five rempongitinamdiasiginin HubFTt getererge Brpgi ddis position
-, MOV i (0l f e . . o,
AR, P, 6 LOABREL g RPNV o« cooan
tangone miciukf 22hmd ancatbintatiom ntddeled2f. shst@ordifie trihiferm module
'232 a}:tt){n%[]mﬁcg{e(s) rwf[ t(l)tﬁgr §n§dxﬁ£s°\é% g’leedpagci(e)ntaali%{ﬂngr%r Qg/stgnq 200, such as the

command and control module 202 and the motion control with path planning and collision

avoidance module 212.
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position neasurenent system 220 whi ch then uses the
observed data fromthe external 25 neasurenent devices
124 and resolvers 134 to cal culate position and

W0 007EE13én coordi nates of these five conmponeCt/ESAmmEA026079
originin afirst reference frame. This position
information is provided to a 6D coordi natjion nodul e

222 \Dﬁp@:hﬂingmpr & eioge of disr patisat ELsttpliens ryt HRCHBY (fekivey gprocess,
nd an 204

%eéﬁ%?dél % Of u‘? atig&f%ﬂl m‘?é ni ca-ng a{/i\ng n%('g? %iesstorrt%e SPeystem

fof atﬂmeltﬂ@atrb@mst aff ihgnoweeht @mﬁgmml@ﬂef tisugdiation tthesag0system 100.

S giang cont o '35 40016 RN £
U2 cuch 1 2VORPER40 1843 FGEGRR0 Oﬁicﬁzﬁ QéGuesDepadatly ngill include

on the stage of the patient registration and thera

swkbtrmsmn)pf m@@s@ta istgivenrstumes figmey enfigptioapf the relrence frame

29'1} 5y 3 L EM2R9 264217 d%%ipeq' o Abt Sckéhol R &DLS ¥ati8 M module
ap Sitron request of the current

ﬁi@ﬂésl @Lﬁaae itlenpeftidnhdats adisitrired ibleer Hpy csgrémem trg@form request is

O her nodu] es of the atient a nt,s 0.ca
wbgeissr éﬂida"e coRinath, HRRTIaTE @%ﬂl}%ﬁ?@%ﬁ oY B g Abpropriate
&&ﬁﬁﬂoﬂ@ ;E‘o of the B REE 1Y Ye He. gn%iﬁﬂéfs?er[c@%dﬁ&tanﬁytmwféi‘dlyﬂw data
i ncl subm ssion of location data in

intef e afesiesdf frame of awfetencti wwk Tegmothis fethe cpng ﬁE%‘%’ﬂ‘? Qe patient

|n whi ch tt%%()gata is submtted and a desired frame of
PR Ee h the calling nodul e wishes to have the

IOOSI tFRRxsiAbIS, the Aasfion Metapyyaen TA) maydetedhmatiet movement of the

bmtted. to t oor

R PO IIFD cf oo 2B o EEFY P e CRBSH | 18 Fgple: 8
ﬁ*gfﬁ'dl)ﬁ‘{)f 2YRARIIREnSURTE, hligek U18kdn albnk f&%{-ﬂils/ &lﬂ change along a

erence frame and transfornms the data into th
zdess red £ pasigveof® rowheneibe@t andticdtagins pdryed.o Tthﬁedata would be

I l.in dul e .of atie d

i.mté eecoogq;}gat? {r) rblﬁloalﬁle rZZJb v SWul@ %%é%%t%@%pon the data
fdeteaim &ﬁeiﬂ%ﬁﬁmﬁﬁﬂ&@ﬁﬁh‘c edminbds maihle thernopusttlomﬂlellllﬂ. 1Phe exact
is indicated to correctly register ent

ewpadipate, trapsforationg ngilla g Hbﬁp‘iﬂl H?P e bﬂ& gk B system 100
&(ep%écﬁlﬁg, anﬁgﬂignpﬂe énﬂl@e%&%&#f?%ﬂ sthiafid dRRenSRANESEha ARt Positioner

axi s positive 11 rotation about a vertical
BM andithe tofufive postdon diths patinhpesiiidngr bl wisly spect Eyjothey components

Qggtg? g}t?sgerng :sﬁ(ﬁt ﬁﬂ%g%g,?s&c {:%on%j utlﬁ 2f4 Vgéésagg)ﬁ alﬂilllg d%{%ﬁﬁmed by one
BN EINBAL skACIAREB B ok 8 p hlili@ulaaippﬁaitmmosm oner 114 The
exact “coordi nate transf ormations wl| var

speci Fhearbiwptiemaadue 2o 8ssisfs ip ﬁgergtyg} A iheBe t\{%control module 212 by
d eﬁgn di 00,405 %éaﬁg&l on n rhﬁﬁoﬁ Sltl rg&g‘;ft' &ut E}Jobi‘ﬁﬁn aBghest. A

s of p03| t|

© §ceb@dary @ofid& hicasura@herit hgstpat 23@npropldss i @henat]_@om\bqqkup position

30

respect tq other conponents
m@q@ment &ction: By g ys P?Igﬂ%l‘f@&fﬁﬁ)& tﬁ% g]t)r} eaappz system 100. In
Ge! el faeHeRY RDCsecOidalf dpdiich Thdabireibnil Rsi@iht ZBOY c@nprises a

particular application.
conventional positioning functionality employing predicted position information based on

an initial position and commanded moves. In one embodiment, the primary position

measurement system 220 receives information from the external measurement devices 124

and the secondary position measurement system 230 receives independent position
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Hiaate

The arbitration nodul e 226 assists in operation of the
notion control nodule 212 by 25 providing specific
obj ect position information upon receipt of a position
. epoesais73A  secondary position nmeasurenent syBCEUSR80026079
provi des an alternative or backup position
nmeasurenent function for the various conponents of the
inf@eHagbn Gomt the raspivemyist elrwli generally hersefemerhtiphaGD ppasurement

secondary positign neasurenment. sy i escribed
s\BH GAD | SIS (o E: BIRY TORRPIy SR 10 o TGRS @
288 S FPoRAShihE QfbutAf RidEkedN based on 30 an initial
posiTion and commanded noves. |In one enbaqdi.nment dtleb‘iOG of the
pri nBigyreg@sillusaies e ssaice Aeial 1as RFRUH Jo8StFANeR, HRW

i.nf or.mat | HIBOBD syslen 208 sbthdd location
AT SR G S R el e
HeRGRiNESs b dafen dempopmss of the radiat@ny\berpp syters 48§, including the

PCT/ US2004/ 026079  k ~n = information from: - £ 1
piien e s 19 e POl LR B BRI Bl Roprdjoste of thse
VR ITRASE AN nd F¥&hRhe2 G Dpetired éans dfheforeniqraflye data files 210
positioning systemfor the previous

|y descri.bed.. .
prcderin Bgestiest FelSSE {7 BRIPAGETS SAHBRY BAREFrEHaRnclpige fie reatment
D ol ISk id f hlneld@riaadptRii session. This patient’s
N Al e T
4SSt W 20RAASd Py evlatuehyerthe 9372 it pesentbe duady sriasioped format.

bt ai | tion . _ t f .
L e A

i Q?e! Ginfle RRELRN 6P Othe IhBPRg b Bro0012 236 rd@#earay image data from
deter m nes position coordinates of %hese various . . sl
foompgaehisandrdogesses dns date.ipeeh A5 VEh G FRPYRS OGO &

reference. The, d i & b RmRmizZ4oN
aP%F’é?PPWé%? Brovis Cg}argclt‘];ednlkﬁge ta%tg‘éotﬁg t pres céi. ption, | _
i ncl ugligng etdpedinteantthecl dbtr widarpoan dn GlemrediRien PYOGESEIRE|SEp Via a

obtai ned at a planning. or prescrj pt.i essi i :
(ysasaTENY Crgatiom PPk 2 @ foin é‘aﬂog}ogﬁ‘% PR Bt r hich are
ERAAIL P itges ﬁ{éﬁst&tﬁ& dabAttinh 281 Prefe irgrdphs ned an ififeamediate data
I mager 1 a

so provides location information to, the aloorithm
reResyttiomadddnassadid spaerl ebgaaratiphrg§ ORRpt [reragsHeiQ 2:gorm.

236. The i t ' - q  ded b
A0S ARG I o B, B eacyespbausl mapes y

{Releh %@teﬂi biu hid tRrdongsted xpassudata Gony tetimager(s ddPitp gletermine a
15 an

cropping to provide cqrrected inm t .

B mees Obah ORTRHTA SEOVARS £ 1 SR L Refule 202

'8 R 2l D bRl A SR ERIGR S5 EIBg B iesible @ to within a

r gn%mg&%%ﬁ%ﬁgtﬁﬁgﬁphodu e 234Ct o transformthe, o

dhaigaated taletanen Sgr aplestcdiinege date fropr Hhei waages 414 path an appropriate

regi strati.on algorjthm 241. Th P d and trol

SERLPLRE hEBEd bAD, 520 el SRR DR and con

ﬁP@tﬁg 205 cHEDBNBEd 0B cOfrelPRESsterEh @oseemid rowdtdé cymmands or requests to

al gorithm 20 241 uses the transgr ag%s, t et.t r eat manstStem 100 to
iplieay, movrencntiof enrrorargre of s GEMPPERIRALAC BIEVPRET By

. | % eevg @Eg %%uge)@ p_zl()%g ?gﬂiéfgﬁﬁ Sphil: 664 £ duitdbRORgiabGorf 4196fthm may be

r termne a _
found in the published doctoral dissertation of David A. LaRose of May 2001 submitied to

Carnegie Mellon University entitled “Herative X-ray/CT Registration Using Accelerated

Volume Rendering” which is incorporated herein in its entirety by reference.
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is g

regi stered pose which information is provided to the
command and control nodule 202. The registration

al gorithm 241 attenpts to match either as closely as
pos®diiierser to within a designated tol eranceptires2004/026079
corrected image data fromthe imager 112 with an
appropriate 25 DRR to establish a desired pose 0

. r to _
r egi sttigwres Ha-aillusimte embedisaiaridh arfdcte st fsiem ABYgrdorms this
202 can eval uat h I jSt.8r, ;
s L o
ediefop inoverhentadt dnb er enrpohias tsmpdnehizerftbaliadiation thevpyaystem 100.

system 100 to _ achi eye thi esi.red pose. Additional .
Btilr P MRtk pes) oRBg e FIETGh SR HAC R g NiRureion from
%%Léli}ﬂs sfent D64 BuPhroSiied o e HRl neditg sRjubadd potitvh doafiptation to a
. LaRose of May 2001 submtted to 30 Carnegi.e M| | on
pirth pémsingymeditl R#@d The pethatlinpingympdile 80 RegPLees 4t Hgary of three-
i ng _Agcel d,. Vol ing" i ' :
h&%ﬁe&%ﬁ%aﬁ 5’9%%{ ﬁgetg éﬁfhﬁc\éi lﬁﬁ?%gﬁgdr%ﬁ%%ee?gd r ePJéécg?lyc%?SSlP 1260mw‘f3menlt
¥WOh2 Q95dul L8 #P4n G4 R i 0P 8@y sysiguiled Td-ek8mple, as previously

il lustrate. enbodi t i.th i th t 0
e S A S T S e
%19}5[5%@ ¢r 3RO Eﬁélce RRGEnewKOR tKPFmapeP Vi Ziesh movedkpending on its
or

venent of one or nore of the conponents of the
pachindbndendtlpestiapy system 100. hi state 238, the

noti on, conirol nodul r ji tel

o B0 B A 5 5 P 31 o 20
Wiich Mebdivest dia MW Yher 3D uesicR datp asodulo A4Z end icguicalcileie movement
Hoeb b e oot e £ g e n BB ARRL M page soom i
E@g.elrl“h(?sagl?}ems%nﬁﬁp LEReRon RASIld oM erv@hnpesorketd sedert with a

possi bl"'e novenent of the various conponents of the :
celtisiat boridirdve maslylesditag ilustated fo Figsseakip| lgurgd 2 again illustrates one

revi.ous| descri bed heJ I: g : i
BB o e s dhf 8L B 304 3y B RhBRifent obtains
QRYPIORBasAfenVedl6ELE BeBRACH 0f iapeg hl 2moedie 16v patier @ositioner and
112 can_nove dependi ng1 on its p{}ﬁé‘%n and end . 12 al
paisat pohd 14 TRd ﬁét% etk ah thegiirrdatandmanis of MBld: hifyr Figgee 12 also

' NLo,Bi t ' v @l aédlvers 134
i R L g R TR S
payepeling ®i ha ipatiénd pesifiorer § e theandzales] Mo thsgmegirsl 18 and the angle
t &gr adi a]tsd on therapy system 100 based upon this 15
8 Bantpy 2obj ect novenent sinulation nodul e 244
pr ef efrRRINbsiVIBh KiSfolRatoARE SoVided tdtha collidloniavbidance module 270 which

avoi dance nodul e 270 as illustrated in Figure 12];%; X .
Bathers dhel objagfainforinptionsins an ehjecs pesitienHaiai HREHY 248- (s object data 1s
aoper at.i.on qf .i.h 4 ' ' i . ‘fable. Tn
BRG0PI MR HED ek gy i vt

a@edid Usebdil@ents,malge revilii@dionnof zthe #@dnlepai4 egpn investigate possible
positioner and _patient pod 114, and. 116 as [ he )
frogBStREHR AL RBLIISTS WG Thg Oplsst Pqﬁ_ftbfﬁ‘r%%f’lg"% Rl 277 18 ou
!oj;‘—l'z{ﬁgé hah %?j d%ﬁa&hicﬁ hdlcBies, BB Mhat nhEk obeedRRCdccupying the . -

thered fromresolvers 134 “corresponding to the
parbe Eetigrosifta emdict o1 dut-affrengsppdition dudeterringdygge the result of the
%e%%ina%gg n}or&%leai)?gfl i§ negative, a system halt is indicated in state 284 to inhibit further

movement of components of the radiation therapy system 100 and further proceeds to a

~ fault recovery state 286 where appropriate measures are taken to recover or correct the fault
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of the gantry 102. This position information is

provided to the collision avoi dance nodul e 270 which
gathers the object information in an object position

W& 2403/01813ary 272. This object data is 25 propChesongo2607¢

a deci sion nodul e 274 whi ch eval uates whet her the data

is verifiable. In certain enbodi msntg t he v{al u%d ON  cormed
otfalife WpRiLsanpistioncafihs RpEdesaysnetiin st .( et state 290 is performe
' ' ?é@,ﬁfh ’ ikl lobfact JHRiRRIBG LILRES iif th6dule 272.
%2%3 g’%?%{lnt e%ﬁlt grdgfr&)? 1%&%5%1\#02}5 OIJS)?- of - ranggﬁdat a .
or dalf shendviabatiomolf stait 834 isf affirnestivapd eatetqAtollaws Wivre the collision

S5 A VBP0 B 50 gt i

' $ad0provides thiS Sdalculaedd flf@m3fiod @ rbnaaluationstitd @82 Ahicls determines

negative, a systemhalt is indicated in _state 284 t

0

whefhesi anefog mase pf thewbisaisr compensiis i dit @digfiog fherapy system 100 are

{o@d il(?s%.i OGP sl G RARYioR B8 Eﬁg% \%ﬁpis@%a{i% ther,pr @6 @adentticaions and
Aull Tecovery state 28 ere appropriate measures

pibfected kefectonics do awepresant e woltigon hakasdf aisleep or papse\giate 282 follows

005/ 018734 PCT/ 0041026079
iR B LR gt pagrs o7 Bogvanyol i Tpilion tiempy systom 100

stabfed Wed$inhe kS RAFRRA ah@bloeved idY recurdtdisaquimme tifrough modules
data retrieval of the object position data library in

P87 276280, a2 agyddiedtadi on of state 274 is

affir R 4 U285 MREIR) 4B araalativ&ieds), that either
avoi dgﬁ%é‘yeﬁolg%ez}e%‘% %&ﬁ%%ﬁgtaes el ative dist fj\?fnceseogq . _
ateosrgnas of Bistobnt apy op ebsecr thatdharpuojacied traBcptigs would bring them

provides this calc Lnf or. i Q . '
BrovalSe i feh LT 2 R Rl b S Y YR et e
ARl 0kE L DVNEINGHLS Rfpréhiushadisetiban (Thes,athy eylbtemvoidance
100 are too close. If the evaluation of stage 280 i

P g S
meduale 278 allewg the radiption Merayryean WQctﬁtHr%"F%“’%M(fva uate both current
r i Ct i i M i i f h t
FACHFERY FEF LY 8000 BRSSP b o e s
o ad mmygsEesdssibfe tdibsiomebdoreniiey @owponery svar iniied.  This is

radi ation therapy system 100 10 is all owe 0 contin
advapiaarua E" AP Gaulatse 0w, 83eF S1RE e eraarie b contac
5B @idg h«vlgplg WaBS modit rupdit Jactivifn 8§Qtofpaﬂfi c3f3ctaswiiches, which by
I ndi cated. However, if the results of the evaluation_ |,
feasdvastanbeimafddueivie preyentelagage toHhe mAVEEAOMPGRRNHhich can be

TBLE o8] by b B AR B 0 OB iy o oo o

ﬁ&lehiéﬂ'tﬁasystéﬂﬁ systemhalt of state 284 is inplenented
with the fault recovery and reset 15 sta

) 286 and .. .
290, PBUNHHE ﬂ)@t the oh}eét\,lpgy'%qeyt sEaiatiop éra)_duifs%f%’as tcﬂ(gaeratmg with the
?cﬂiiéi.bﬁ’ iag&dﬁ%/c%iﬂ%g&? 2760 Bes 205 Ak |iRWRatsd erovadE@E MAD not pose a

erapy system to proactively eval uate both )
celtisiemtriskarice priopke ctovdnbmcetiomsisasrd feovadehto a motion sequence

trajectories. o able co nent.s._of. t .
P?f’r%jﬁ“?ﬁoﬁ gi“’éﬁl&oéﬁ%ﬁégc%’ Iafuﬁgé%) glhesugéc]a% em%g%gggﬁer’m (])o SOthe one o
Hofe SHSbrietis i Bleabdiatldll Bedafy sRAMANIBGRINGuRVEY thesg Sh@/ments Via,
enpl oyi'ng notion stops triggere for exanpl e,

d b
sothimeubatimeni Gy ésnsipfiostmeriiles. nmagieuothe Jebilyan wRduies 250,
%Z,Sjsgrp 28(5, a?u(argéﬁci&anﬁ%et ﬁﬁﬁ;ﬁt’ed %Hv%ﬁleﬁty vectors from a provided reference

frame to a command reference frame appropriate to the patient positioner 114, the gantry

102, the x-ray source 130, the imager 112, and the nozzle 104, respectively.
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t hensel ves may be inadequate to prevent damage to the
nmovi ng conponents which can be relatively |large and
massi ve having significant inertia, or to prevent

WO 2003018784 a user or patient of the system ARGUH$AGQH/026079
that the object novenent sinulation nodule 244 as
cooperating with the 25 collision, avoi dance ‘intggu

le .
270 i Ariieviewdy mprfioneddhe YRt R mEHCHHA RORPREFISP] e Fation therapy
P25 o retsl :I;sgﬁllte%ﬁfefréxﬁiﬁjmgﬂﬁm@%&'@é UL IR Mt fefRMERRAD f)arameters
AP & orwar ded to a Hot q dufl e

or I'on sequence coordi nator nodu )
A hwhiaedateahetuiea 2 50h257, 1dic2i0e dnddb indhirclaje of Gprslye 2 motion

the one or re c nents. of the radi.ati r

¥ elh 20BATE S GOTORE e nETE HVERCRIE ", feeti M, for the
SIROMRARBL confdoMéntt S0ihe | @llialth Mézﬂge@stehﬂ 1par t Feuéxmple, in this
the ‘transl ation nodul es 250, 30 252, 254, é60,. and 262
emiznighent éhe gaire 2021 capabinefrlockedteding cPFFRCIRYiSY Fafatpn 2bout an

reference, fr . : - f £ lational and
S35 AT e AT AR 0o o
H@RionilhBoventeay frsalonc endl 8s opbretes nadera different fgmehef reference for

nozzl e 104, respectively. -22 2005/ 0187%34. e
PO OB 26 ATDFER P SE1 G FonBd, Tiving (he, avglizbilty of
émééﬁag) B1cSAPRONRM G Bfforkdi@ion AFt @d QMidul edotionersty Sfethe radiation
100 cdn assune di fferent dinensions and be subj

[
thiefebp system ¢0h tthemopen mp@egzoomtqrﬁgoc{ulled%@ﬁ e Q;ﬁcwnt?y plan the
nodul e Q, 252, 254 . '
P BpE R Seponrn s B e S PR fafter.
r ef ergpee 14 ihktbde 2 appk gy batmethod 369 efioee émbodimeroftoperation of

5 correspondi ng conpanent of the radiation thera
o spdigHongherapypyste |88 ’pquﬁgefihwlgh {118 PR ﬁ@%rmf%nl‘% 3§)S¥em 200. From

DR Yart 02l HolARAD RieRifielion kithes 80RRMerein the particular patient and
counterclockw se rotation about an axis whereas the

pedtienttpopiekiotiegmeyidad is iflentifiedi ThisnapPliowed by & irgrigFgescription

iy ERae 2B AT Rl L b Bl RO R Dby G RERT DL taes 304
ARV S0FRRhL be peTRReA vasthe asganietdaded Ibhad garessiyg ho Zatafiles of module
RO ITR R LR,
%%%?ﬁﬁgdnfpm &aﬁ%g%]&béorgé{%é g?]tgeﬁ? 1pp§iﬁ'&1emﬂdt W pSRMHENE atient pod 116

ator no 46 c iciently plan the .
seounetite mafietiiedke epmpcmetst mositionafos imagingt The wentey, 102, imager(s)

fficient .and saf nner.. Figu 4. i || : :
Tige 8 EbosP sbie® BR0 o0 e B e ol Ty s 12 and
afite MNend ARyt g LRRARYNSNS hiemclnined apprevictsly dasdribed via the
the patient "ali gnnment system 200. From 15 a star.t 122
6D ayeerB094 employipadhasktorael FqerIEBERGiTVISFal A SePPelRfine sapkers 122,
rdiey) ar patient and treatnment portal to be

ed is’identified. This is followed by a i
t r eat hEsdte PIE Cmiipiaphic imege ofatha patisnh tsecaB@Edalpitithe mager 112 and

identification and treatnent prescripti retriev .
SYUERCHIT beophal908 £ BE° BETOP NEIT R el afgtle 836 1o tos
Lh&diRRE 14-h0 iRRstraCaes shd GotBgotiaihg irdyeSombenddal ere arranged
210. The patient is then noved to an i nagi ng[; p05|t|h§)n
pubstntially Br@ndigularly & Easl other ol iRetwo mndependent radiographic images are
obtained from orthogonal perspectives. This aspect provides more complete radiographic

image information than from a single perspective. It will also be appreciated that in certain

embodiments, multiple imaging of states 316 can be performed for additional data. An
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20 patient pod 116 and actuation of the patient

positioner 114 to position the patient pod 116

securing the patient in the approxi mte position for
wioegisngs73dhe gantry 102, inmager(s) 112, and peEristnoaa16079
source(s) 130 are also noved to an imaging position in
state 312 and in state 314 the x-ray_imaging 8%is ..
cRALGDE e srirmed ot etate i) & dsteaving Wh§ihere e, FARRETRNC 1mage
the .6D system 204 e Falsmngal-F RaecRRASHASERher in the
et o e e S S R
nE%%QJ: ¥8k %viﬁrﬁéonﬁhﬁhtﬁhaifghf&ﬁy;mem@diswMiﬂ@e dotergnasion of state
the patient is captured by e inma ‘
Sebmidine Fose bLTogl G PHeHeL" oS g@}%é’“]‘%r Rfifbgea py state 322.
desci bed 8% Aem dikSuRfinis! fe L Smenbodhew syttwn 204 as
i magers 112 and correspondi ng x-ray sources 130 arﬁ : oUS
pdvicasigedbscribeb $o aletemainkythp eelpi@vedpesitions |3hd 1B RERL PH B, Var
Thus, t i ndependent radi. ogr. it 8re3lsBaddh module 206 as
C%P‘a}eﬁg\cl\fgﬂi‘eo‘i‘i'&%g?$ Igﬁglsysﬁ%nfg% g@ﬂaﬁség. Thireg ag pect
P vga#s JAPEE GONRE 8L mettinaghmptations areragde phinsiagiedite groperly

t roma single perspective. It will also be
afigpthe patiant i thadesiiehPR®rt ai n enbodi nents, nul tiple

i magi of 316 abe rResd gramde f o t@eltient oledivery, this
dat a"ﬁ%\%" n9%‘%“s”?§é5?‘3m1§7341 PCT/ US2004/ 026079 + is indicated
epiballinaht Dinstraesghatiio stabei36nsomeadegres 26 gapiy K2Ry Faent 1 ncic

whet her the radij.agraphic i i si L Qf @S Shatisnt, such
R T

a5 ?‘é&tlgﬁs $aldrk Bﬁiii{id)ﬂéfr tmfutl mgiagmte ﬁosige: thictfatiewrinithuindicgied pose.
0 e novenent of state . the.deternina

Foflaving Gast s, i 74 o6k SPROS 36 CH A At Jy Semaly
Igfgag\fr\éhe él% ffde 1BV S mdutd ety 18 AlessugdZposhionnto determine in

external asurenent’s are _perfaornmed by t |?ie )
B 36 vheh@0te dssirep peticro poteyhaddsen PBRYCE 371t B fefiged tolerance.

the relative positians and arient atj . AMeSUSchieved,
1 afpsmeA ST BH PR P 850 B KB PSR e 05t R nicve
%ﬁé 2Rt 1BHs Svh@b | DRofBdshevaRi BScompued aud|yansformed into the
escribed. In state 324, notion conputations, ar )
apprapnidiecianee of gefprespe ﬁcpryﬁmgpq &QV@Iﬁgﬁp%f § grﬁanfrﬁ 1?)%2%%& patient
g SN S PIOSE e Fecli 65 8RRV, @ Uhstele ipatient has been
@zﬁ@lﬁ’n?rn]s}te'aﬁfgéheo?ec%é?deda rrg\sigt{é 33 glqlg\ﬁl ery, ltehia?q en‘poaipné?]n& '
datitfag&bhRtpesitibdtin fe debiaddepade,hendetiotenpy SRCPRNE pgab ed in state
102

kL lanaggcggqlﬁg% ﬁ{it%ﬂ{ggg:iftfegﬁgggesé@t oogigoiﬁg@%aﬁrxgﬁ%&g?ﬁ{eﬁcgﬂaggns, it will
lPe?ﬁrld%ﬁ%ogS%ﬁH’f Bhe BSibd stRRnNAky Bbicapasiltiple heatnishéractions, such as
state

to position the patient in the indi catﬁg1 nethod 300
peseent fFooh b phiralgy i esientaiens aaf ket apprapralg BOrUORS PHMe I
enpl.oys the 6D system 204. RASHY. € kver, for
PRy dealfatysly fBBe%%‘{qE‘Eﬁ Iél%ghr?gleo gﬁ%ﬁ?/[{zeg atjtrér?ém%rg asured v.er
%ﬁ@ij&iﬁo&f A10stEber Miifgle iiteratioh a¢ Alusiesedrndiipee 1#hhus, following the

esired patient pose has_been achi %ve%’ Wi t hj

tessinersddalivpr efngate 342 aa@@&‘&%t gty ecHl
regi.stratd k bint RY 1Rf dal BEfP alghen e f restments.
f/%‘?plstéoélno#é%ﬁf%\gg%?%g%%%{%o fg.I ows v%}]er ee_a 200. b
cor r eThispthevadition {herapy epsiern 08 rveth tha pefey AEEUPRISYEIRR 2% Y

directly measuring movable components of the systen 100, employs a measured feedback

Igw{v% wlﬁcﬁ Iﬁ%y comprise the

‘to more accurafely determine and control the positioning of these various components. A

particular advantage of the system 100 is that the patient can be more accurately registered
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appropriate frame of reference for further novenent of
the gantry 102 and/or patient 20 positioner 114. |f

the decision of state 336 is affirmative, e.g., that
wioeogramsBnt has been satisfactorily positi onedI/Usoo4ies079
desired pose, the radiation therapy fraction is

enabled in state 342 in accordance with the

a_pat ’gg@mfe,]g.tdebwry FRyFioR Ei A5 ppsElg%el it hwpﬁer&s | ﬁ t!h‘ng an Sterative
S?‘W&’[l ({%acﬁlﬁq ﬁ%%rgglt%heﬁﬁ?ﬁé SthdBMHent ﬁ§c§ kfRed @Y radiographic

ractions, such as
ihagag erd dath raﬁzrtysas pIThis aiffersyﬂlemgmﬁoem wivings baill of mare accuraiely

t 1 f th hod 300
BRSPS S0, AR U RS g i

nfﬂﬁ%ﬁ% LR os1ﬁ5}ﬁﬁg’ Brocesh @ andSthidPldofdatidg G pdshibst paﬂnbntotﬂuoahput as
erationis illustrated in Figure 14.

vied ascvdwglgtth@exmﬁlﬁapﬁ%tpa%ﬁ tQ &gy B %@Eﬂ%%,iadm&f dphic imaging
L0 L ST, CLRERA S Geshla.

B2 ch%q%enn%???%é@#}g e ﬁ%% patient for ?he day

or fouthaugh e preS@fﬂd@ﬂlboﬂunmtsaIfl‘lﬂmurssenfﬂnm@lﬂoﬂﬁéve shown,

drggq?@gﬁléq?f{] Y he‘E 8 t%%m&wen %%o%lff%a& seoﬁﬁ‘é in%gﬂ’uon as applied to

HER% %mbgdﬁﬁaﬁﬁ 01@ @Al Be &idels’?&d&ﬁﬁtvﬁﬂblﬂs%uss@m l mﬂbstltatlons and changes
measured feedback to nore accurately ete n16% ﬁ@ the art
digfdn thg

in tint fooh of the dptel pf thedevige Blustratekmay by 18

g ul 53 & B 8cope of the
b el L7 R 38R St Bes BhEMD 9?2%‘1 *’f“‘y P
129860 68K nJPEE ikiH20 Guihe Zﬁegcﬁngdesalptmdmlhf@ﬁ@ b@i é@ﬁnﬁérby the
session than is possible with known systens and
apPeMSAClaHmS i t erati ve sequence of radi ographic

I magi ng, repositioning of the patient, and subsequent
radi ographic imaging and data analysis. This offers
the significant advantage both of nore accurately
delivering the therapeutic radiation, significantly
decreasing the latency of the registration, 5 inmaging
and positioning processes and thus increasing the
possi bl e patient throughput as well as reducing the
exposure of the patient to x-ray radiation during

radi ographi c i maging by reducing the need for

mul tiple x-ray exposures during a treatnent session.

Al t hough the preferred enbodi nents of the present

i nventi on have shown, described and pointed out the
fundanmental novel features of the invention as applied

3

y—

to 10 those enbodi nents, it will be understood that
various om ssions, substitutions and changes in the
formof the detail of the device illustrated nmay be

made by those skilled in the art w thout departing
fromthe spirit of the present invention.
Consequently, the scope of the invention should not
be limted to the foregoing description but is to be
defined by the appended clains. -25 1. A radiation
therapy delivery systemconprising: a gantry;
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a patient fixation device configured to secure a
patient with respect to the patient fixation device;
a patient positioner interconnected to the patient
fixation device so as to position the patient
fixation device along 3 translational and 3 rotationa
axes within the gantry; a radiation therapy nozzle

i nterconnected to the gantry and sel ectively

del ilveAiradiati@tihetap deliRey Spterpdmmgisingdeam axi s; a
plurality of fixed | andmarks arranged to provide a
subst ah&¥WI%y fixed frame of reference; a plurality

s ur GRS Do STRA Lo LIRS sBl R bk Pkl e

apichhBxdtiondleticed t h respect to the substantially
fixed frane of reference; and a controller which

r ecei veBatieREpesilioner terpramecied ethe patasnt Sxaticagleyiceise as to

pati.ent, fixati-on.devic nd .t.he nozz| i r Ch -
R b B A4S AR BB By et TR witin
Ptheghsies control signals to the patient positioner to
position the patient in a desired orientation in the
3 t r anstadiation sherapychozzle ntencpenested 4o msrgansnandgelgstively

r(?ei&ggt iyt h ebea e}lxi sbeand tshe substantially fixed
f g %8? 2 g‘l%ea%em of CI aim 1, wher ei n
the ex{ Slufdity SEREANSMRMkSIBMINGES10qRb P a selidtdntially fixed frame
i mages of at |east the patient fixation device and the

refzefetence; obtai n the position measurements. 3. The

syst em af ai f.urt her conpri sing. urality of

oy kerbhprapfStipal HeadGemERRg e BficR oBlal Fostiofoyi ce
afiehshitenRevati a8 Iéﬁ@ﬁﬁ@?ﬂiehhﬁxa@?@h ek ahPhe Wb2ABWith respect to the
devices obtain position neasurenents of the markers.

ssubthetiadly Stxechfiaimecifasfiavenge; fand t her conprising at | east

one | ocal sitj.on feedback .device in operative .
Commurtt CHPHR VER e FRREPogER sl pF3) 1ot he patient
PdakiBA UeReS hid BB Rbzz1IMARh $éspedthS tRtsubfARIall) TR el BERE of
position feedback device provides position data in at

| refesance andyprovides conteod signals tnthe patieht positiones hapositiaasthe patient

B8 ESR epfationds arn afierab s rvpe ¢ifreonans Wit gespect
Jo tHWeatY &M Ohe GiRtMidlly ROLK Bidke bhefsmbem f urt her

conprises a patient imgi'ng system which obtains an
iZrage oFhet spstepmioff €Hsimahdwhierelr theexéerndiemeashtrient devices obtain

opica G555 Bl 45 oGk eSS iy BERRCS postion
measureieh@Mm positions the patient in an initial
3. The system of Claim 1, further comprising a plurality of markers fixed to at
least the patient fixation device and the nozzle wherein the external measurement devices
obtain position measurements of the markers.
4, The system of Claim 1, further comprising at least one local position feedback
. device in operative communication with at least one of the gantry and patient positioner
- wherein the at least one local position feedback device provides position data in at least on of
| the translational and rotational axes to the controller indicative of the position of the at least

- one of the gantry and patient positioner.
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position and, after imaging the patient, determ nes a

correction vector and provides control signals to

nove the patient positioner and the patient target

i socenter into a desired patient pose with respect to

the nozzle. 7. The systemof Caimb5, wherein the

patient inmagi ng system conprises at |east one

radi ographic i mager. 8. The systemof Caim7, wherein

the palheaugttemredf@lain §yettessin dengstesiefrthdr dompsibes agpatient imaging

X-ra ource and at | east one solid state x-ray
systeny w@gﬁ roita@ls apﬁ&lagy 8f Bhpghentiangd detsrmipaeing .rﬂa&wfelosaaloméﬁta patient

e in and out of the beam

tmget%ﬁ?%@ﬁ%gﬁ%% sys gﬁ%% "Claim5, wherein the patient

i 6ragi rMthesgysteanvOOlad s whkge sheodysteirhposititins @ patiedfin an initial

nultlple perspectives for nore precise determ nation
positiogfand afteraingpeing the gatienty determinesth gorsedion yeeipr @phpiovides control

e b |

mgnals}'\ﬁeﬁlggg It}?e aﬁileﬁfg B%gn 91%1‘ %.ﬁcg Iﬂ'lée %Ht{ t%fgéﬂ ss%c&{?& 18{ dgénlgg patient

pose withgtdpeoterthd SozRRY f or msd iteratively. 12. The system of
Caiml, wherein the nozzle is interconnected to the

gant r yihsesystsm efClgim 5 owherginghe patissd {megipgpisteyn comprises at least

) 13. The systemof C aim 12, wherein the
Onenﬂh§§%‘mk§mﬁ%rn1nes an orientation and position

&, f f erBRCasiaCé TR s wheein the Pafidnt Sthadi d@@j&tdﬁf compnses at least
reference by the ext ernal measur enent evi ces and

one x-yay §oM4E© prds attl past @mqﬁobdétﬂé@xwomgen nt o at | east one

rreclt,l_hon t\/ect lln a e%orkg { ref erence a%emand

%si ti ﬁyﬁgmp 8 > KO ?P%bﬂ“ﬁ%}’&@% PR FEEIeRY 1%

out of the®epamisaxi s. 14. The system of Caim 13, wherein the
at | east one correction vector induces the nozzle to
rlévol vEheapysigm efifclaiyadt whereiotbe m@frnt imaging\systam ebfains images of

osktionin stemfor. a radiati t her sem.
the patfiRP i B SPlReFrBVeS For utrR e LB o £YE Bt inogenter
nMYV e MeRy systehfoMOIaint i ORh&einThEiERE fOHGH Skfifenfents and providing
plurali ty of fixed | andmarks t hat provi de a

the possligningenniteel kignals feetlie patiant poditionee fsepesformed itagtively.

Iural of e nal asur ement .devi ces arrange |
06t & rHsvRemcet 4, PEREH Begpephes piraiere §f the Simty so
as to bERVBRABRBo%: @ditry BoRéMyl de | ocation i nf ormation wth
respect to the substantially fixed franme of reference;

d 3nov dbicesyptatn eﬁClasmpb?b rwhegeinfthe laymmtd@tesmpp@ran axientation and

positiof o5 NEPEh FatiBpbit B e o e Rieht Bigooremen

“devicedadd 8RMsforsSthe BFRARIVRRR inBN 16st Qﬁ@Ed)rP&ﬁbn %&&r P8 decond
a controller receiving information fromthe plurality

frame affreferanee tapositemsthe patient in a desired pose with respect to the beam axis.

14.  The system of Claim 13, wherein the at least one correction vector induces the

. nozzle to revolve about the gantry isocenter.
15. A patient positioning system for a radiation therapy system having a plurality
of components that are subject to movement, the positioning system comprising:
a plurality of fixed landmarks that provide a substantially fixed frame of

reference;
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devi ces and provi di ng novenent commands to the novabl e
patient support to align the patient in a desired

pose in the 3 translational and 3 rotational

di mensions with respect to the substantially fixed
frame of reference such that the positioning system
conpensates for novenent of the plurality of

conmponents. 16. The positioning systemof Caim 15,

wher ei aphikdlgyofickterha measuenient devides alasied edobtpinpesition
conprises aljigni fhe_ patient support with respect tq
SSRSHSTBRY Qs P THngf Emenents pe LGPTANE Iecatipr mformation

I a5 08 16 Bl | Lation beam 17.
Tﬁghposgi ti oﬂ?ﬁggﬁﬁﬁ%ﬁﬁgﬁgﬁﬁﬁﬁh her conpri si ng

a pat i emovablagatient syppbraronfigaéd wauppata patidntadstaafiallyn@xed in
patient and a target iso-center, wherein the

pRRSHINGHILR EpsPes) & Brpafiané syRpRE and rentrilablyi nesitign thepatient in 3
t ;b 505 : LLons the target iso-center
V\ne{tr%%tlﬁiéa gg%ﬁé?%g}rﬂ%’g% ng point. 18. The

posi t i peinugllsystening infoimdtivn ffom Wegleuhityalf ckteaml meatirement

of the conponents subject to novenent is actively i
c¥viGes pnd pox dingmarEreit sommandieiths wAYahle RyfigkIAPPOTt to align
[ . d j i j iLQ.;

P 1 LSRN AL A Sl b o s

pespect rthé ubsahtilbafitcddinaditrefetdnge shtthalthafstioning system

conponent. 19. The paositionjng systemof C aim 15,

fepncasatesdapmoseagpt af flepkyplitpl epmpetaai s i xed to

Sg] ect | ' f . C onen .

SR S BRI RS Ryl heRip MR BOFRAARA B e e
pose cOBRSisEscalimingdthél RESntORIpBOIN WAES rdshedd toRABIANE HEIMeBy @fming point

the markers. 20. The positioning systemof Caim19,
throughdiiedy the radiatiop) teeramt wiga dl?ff’éﬁsﬂl!ﬂ@ﬁ%‘m beageyi ces obtai n

it . 0 single rker se.as to.,. .
005 PRSI gn r lhT B iRt g fyien imeser
- system'ehikE bb&idse@dtna@e of thebaié \bnd @dard¥t i8o-Sbter, S/hepeirhePositioning

nmeasurenment device. -28 21. A nmethod of registering
systemglegerpings theapisitipnpf tha tatgst ispeentgeandadigps e targetrispgentgrewith the
_ . ing a plurality of conponents subject to
beam%&éﬁl@g?ﬁét'mt hod conprising the steps of:
PGS t iTHe figitRnfipt dyelin 6MCRIM 18] Whateid itS18dsiBAE oP @kEcomponents
_ with a control|able patient positioner capable of _
subjectnieiapregieent is activelyreonirelldie andndedin theanositiening system provides a
' ions; . fixing.a plurality.of fixed |.gndmarks, so
feodoalll QRS TS ign 474 HRichu ot o et o iR oleSt Smas 10

positioh EleRt ¥ EoneNti G @bﬂﬁblm%ﬁﬁilpﬁﬂeﬂt.he |l ocation of
sel ected points of the plurality of conponents with

l8s pedibetpgsitinping systeraref iCaimy 15, feompuisiog apdirelierafanarkers
fixed tﬁ()j ﬁ%l%tfg(} Bl%lg iogﬁﬁé %%gagﬁgﬁﬁﬂl\é%%}n%%ngn :!, su ?é]ct ttohgloggnslglgtva% wherein

the external measurement devices obtain position measurements of the markers.

20.  The positioning system of Claim 19, wherein multiple external measurement
devices obtain position measurements of a single marker so as to provide a more accurate
measurement of the single marker’s location than provided by a single external measurement

device.
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desired patient pose; and providing novenent conmands

inup to the 3 translational and 3 rotationa

di mensions to the patient positioner to bring the

patient to the desired patient pose. 22. The nethod of

G aim 21, wherein externally nmeasuring the |ocation of

the selected points of the plurality of conponents

conprises enploying a plurality of cameras to obtain

opl.i cahA methgbef refisteling phdipasitidnmgnd patenpfondelivgry @3therbpg with a

t hod of .aim?21, wherein the difference vector is. .

Syst%ngfﬁé%arié‘a%lw of darimanents spbleetiamp vemeat de Mgk pomprising the
steps ¢ Ovi di ng the novenent conmands conprises transform ng

the difference vector in the first reference frame
I Nt 0 apasitichésyropdicniin pm e tieltteautait @osd with 4 bentrddableqatient
posi tioner | second reference frane. 24. The nethod

oPOSélO&l@eh?@&blgpgfrm@Pe@é?ﬁ thagslafipnehendst etionalaBmsnsipety
e ai 1106 anvkeise FF BFeCandEspe) kel FEHFLRR fres

paimheof referaige;, 25. The nmethod of O aim 24, wherein
obt ai ni ng the radiographic image conprises the steps

of . poBERYH mepsuringthedgcation pEeclestad nointx of thy plureléfy of

r b axi-s W th 4 h atient
ARG 08 o BB RIS R e abidfe BT The
X-ray doi@@ediny b diffddénc¥ veQyr Beduédethe abérved eREYI piichfy®se and a
X-ray. source and imager fromthe therapy beam axis.

2psirgd patient paseiangd system for use with a radiation

treat . L1t erein the . .radi,atign.treatment, ..
a1 ATt R Rt B 1 A e otof RS tgtiopal
sdithe o to RS Patichtsositioad taMEind tHeOZEER th tR deshéd patichepose.
particles are emtted, wherein the nozzle is novable

W h regpaethodtod Glaien Bdt wbarein extemelly ineaswringethievieestionf of the

.particles to selected region of the patient via
seloctef FEfEbE 8 ool o P EPETOT s o] @b iRl of deeras to
‘obtain ytidab Ih&REPS theiphFalitd oP ddhBéenROSI ti Oner that receives

the patient wherein the patient positioner is novable
8- as Ths resthedef Claim Bat whereinj the differenge veatoois dieteamined in a first
' r iongl .dinrensiops with respect to,the nozzle to .
roferenip? o i g B Meymons PP Eitomants' PR e wlpligmine the
differefic®OveRtorGh the first PetbicREd fradn@RBtod SRRdsp&dimeMmbyerent vector for the
plurality of fixed | andmarks arranged to provide a

patientpgpisionariin asespnd irsfoenéa fame. of reference; a nonitoring
A SR N T N
radiogriahiit 8RigeRTshd hARAT andWRRIAkMIng R FREGEARVelBr 5328 @Neast partially
on the patient image.
25.  The method of Claim 24, wherein obtaining the radiographic image comprises
the steps of:
| positioning an x-ray source and an x-ray imager generally along a therapy
beam axis with the patient interposed therebetween;
exposing the patient and the x-ray imager via the x-ray source; and
removing the x-ray source and imager from the therapy beam axis.
26. A positioning system for use with a radiation treatment facility wherein the

radiation treatment facility has a plurality of components that includes a source of particles
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devel ops a treatnent inmage indicative of the

orientation of the at | east one conponent wth

respect to the patient prior to treatnment; and a

control systemthat controls delivery of particles to

the patient wherein the control systemreceives

signals indicative of the treatnent to be perforned,

the signals including a desired orientation of the at
and a hezrdd framevhicinhe peniclesiatdenties@ edierdin tHehzzlplisinal ably with respect

fixed | apndmarks when the particles are to be delivered |
to thepgtienfdofasiliigin delivgrepkihs nariclesoint & stleatsd reginny of theamatient via a

i t toent. | .he control system
pluralféﬁgf%gftg%g{%s’ @%@ggﬁ n@nltngiqﬁsg%%%%p %Qﬁ rm ne an act ual
or i ent @patient gdsitidner it leCeisds thOpRicGOWRGBRIMhe PatidAt positioner is

respect to the plurality of fiXxed |landmarks prior to ]
t mexathesn asdp @rieniribe patient ined caslational and 8 sptationn dinesnsions with

SR S TR DRSS SRR oo

apatieﬁta@@ngm@sﬁearpgﬁ,ent and, if the actual orientation
does not neet a pre-determined criteria for

cor r eshpintdifced figediandmearkicastangel tomrevidas pehstantiplly fixed frame
cmg{epelncéystem sends signals to the patient

positionér to nove the patient positioner in up to the

3 tr anshahit@in syaom tBat ifRatat RA&lond cHRMPSARANST i SaidtiAL
the actual orientation nore closely corresponds to the
ofeagiment fanility in proxinitylterthe pativet pasitionen fwhehein fhermeonitogiag system

27 Ih 0of Claj..m.26 .ein.th [
T LT T LY —

IRt Eelpddt fROthE Patid@ bEibiOD tRAtnidAG aRAt i ent to be treat ed
in a substantially imobile orientation with respect

t 0 t het qeatrplgystem thait gonhvolddelivasy ofprdticle3® the patieahwherein the

nechani sm coupl ed. t o, t.h atient fixati device fq .
DR SRR SRyt of st o Sttt A igmnats
&ﬁ&lu&n% Q'daditedbMenftibR BEIhe B6lchd oh€ SRRPGRNE Rith $éspBRkS the
fromthe control systemto thereby nobve the patient

ipherelityrof iz ed lindwaiks whenithpartidies arertyy ke deliversidyto the patient,

carresponds, to the desired.origentation.durin elivery

ST B Rb b FRBeE G St iooee RRubE ot

\F%Eﬁtblﬁ%%lﬁhté@&!e QRSN FRadeQFRELSSRe 8n RALAIVNenRRA8n bPthe at least
ich the patient is positioned so as to be retaine

ione gompénsnbwith a¢spyctitotisiphirelityef ifised Endmarksiprior teetsqaéroent and
tqg the,patient pod. 29. The system of . ajm 28,

st R v BRE: fopiaen i L SRS it one
LoMPBRNY pALL 1B HEENdn® 1 (RE dPSHe SREnRASh SARL afYchR Wae ERhponent

transl ational and rotational nmovement o ttalihe patien
pod, ibthe attutloreatation kogomd imeet apshdetéroimdd cabetia for ee

i IEE LCTKRCHEET .
Sftieot Boiilidtor Y4 47 It peTBAPSTOferth u) KPRl JARASATRABAL
actaticral dimeasipas suwh thedt thdwenal ofiedstionanereciosplyrventsponds to the
desired orientation during delivery of the particles.
27.  The system of Claim 26, wherein the patient positioner comprises:

a patient fixation device for fnaintaining the portion of the patient to be treated

~ in a substantially immobile orientation with respect to the patient fixation device; and
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31. The systemof C aim 30, wherein the at | east one

i magi ng device conprises a plurality of caneras that
capture visual inages of the at |east one conponent of
the radiation treatnment facility wherein the

plurality of cameras are located so as to be able to
determ ne the actual orientation of the at |east one
conmponent with respect to three orthogonal planes. 32.
The systereméntGhevhaish cowgied ®ithe patienplixgtivhni deyice for moving the

caneras capture visual . jmges of the at |east one
cmhémhoglﬂeﬁw Hh$ transigtiopdd apl Saptafional dimensipns nregponge to

. i 1 _ o _

TR Ry B0 S01FL h kPfle UERRlep SE TR et

ofhat iereadlodeBairesvds he d&ived odentatitied it RIVaT; ofhatitles.
further conprising at |east one external nmarker

32
atd-achBep systemeofatloim s vhecie dhppatient fkabionideviosecomprises a
patieng B8Pk 91 Bl S0 'ig ';Ig{i%f 1ed S8R BEFethiG in PRSI a1y immobile

soci east one corfponhe
orientatiohtveith @fpdet ®i the étienyh®l ei n the nonitoring system
images a plurality of conponents, including the

nd%z| eThexsygtephel Claim 28| wheyein din mdyament mesbanium pemprises a robot

Lt such. that.t.h lurality. .of .co nents_are
sssembl9 ook, o ehon Rl oo S etofenPhl QEEHEGHT ¥ Biment of
the patdnt 864 88du® thresdSrthobbeal Svasianal aifd thidré@tion xRl n t he

control systemdefines a set point of reference

W@ hi nThe SstempotdFlaip 26y vdrerdimermenitosing systey sowprisasdt least one
imagin%?tlﬁegr% rgatglgfz Yllishq{yﬁﬁl%aégsl‘b gte? artltlgeps% %tgle %grtn%glg?qtji Fa? Jﬁee ?aldﬁa%%n treatment
facility @fRfeRfiR the Btual OriedtBforSHthe i 16dst GhdédMpbaentiher ei n t he

monitoring systemfurther inages the patient _

pUsi t i Bieesystemdot Gleing 30t Windreinythe afnhcast oot vmagiag dendtscomprises a

Jndicativ f the arientation_of the ati ent _r
pturalif 88 il Tl bl 5ol Budies B 6% ooty qfihe rediation
treatméi tfkalityakkbréia sthé Eﬂlrﬂfty BP bahrad aff 1ocdtBe stbs tEBSEHIONS determine

conmponent. 37. The system of C aim 26, wherein the
the acted wricntatiery of thenat ksas dap carmpanent witke raspect ¢¢ thicel asthiogonmnl plases.

radi at4,.on_treat t. facility.indicative of the .

e SR ST SOHgb rn el (i ALY < PR gepture visual

images/\b¥th€ afleh$t € ue WhpBhert ¥adteMuS tHrbZ 83ndnBRAS 1864708 oF al onument

determ ne the actual and desired orientation of the

associaigd widh gre ab eastanepompanent 881 bevreselatpdita detertis thp petual orientation
fth q;il i ver FQﬁ{)ste havi ng fi xed and novabl e conponents,
ot the gt feast ONGOMPRBMr i si ng: a gantry; a patient pod

aanf i gmeedsdemh XAt szﬂrﬂﬁf‘tcoﬁiﬁ%ﬁ%nﬁti Rhdt Yorle"BREnhE marker
with respect to the patient pod; a patient positioner

attacheflrie recad teasiconecomponte wWistdie tte g9 dehsseneasctdrnal pumkéri comprises the
monur e D0 e bt e onel and 3
34.  The system of Claim 26, wherein the monitoring system images a plurality of
components, including the nozzle, and the control system adjusts the patient positioner such
that the plurality of components are within the pre-selected criteria of the desired orientation.
35.  The system of Claim 26, wherein the control system defines a set point of
_reference within a field of view of the monitoring system and determines the actual

~ orientation and the desired orientation with respect to the set point of reference.
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a radi ation therapy nozzle interconnected to the

gantry and selectively delivering radiation therapy

along a beamaxis; a plurality of fixed |andmarks

arranged to provide a substantially fixed frame of
reference; a plurality of external neasurenent devices

whi ch obtain position neasurenents of at |east the
patient pod and nozzle with respect to the

sBfast afhé aystgm of iClaich B5,awkereih the freordtociag sgstemafurther images the
controller \é@ ch receives the ﬁOSItI on measurenments of

patientpositioner apd, theponiralgystepbigceines 1gpdt mdigabre peldisemenipgon of the

patient g&ﬁé&?%ﬁ@hké’%l thdse sﬁ%ﬁg b c%[@f‘mﬂfedrtﬁé QLG da({églred onentanon of
term nes novenent S to position the pat

the at leastandesmpegknpose in the 3 translational and 3

rotati gnal dinensions with respect to the beam axis

ant  cbhe axsiom @ {daimbdendherett Hjcceandiol sksten if rpdapted to receive
s Sl B8N R ERPREh ) RURUEE o WiePllau TR 60 Loonens

withintthesjstegn 2nd whdtsinahd eonddol sydtegh KiliAek &ieb@ﬁigixaldtd’ﬂﬁéihmﬁahe actual
npvenent commands_ and deterni nes whether a collision
and desiged pripnéation @t thrat {eget as vempAREtommands and i nhi bits

TR e OB, B R B B,

the systi@AsohpriEing: devi ces obtain opti cal |mages of at | east
the patient pod and nozzle to obtain the position
meas ur LEENYS . 40 The systemof daim 38, further
corrprl ity of rrarkesf| 823k
t he pa %%Pﬁ% %ﬁ ﬁ%%zﬁeculﬁhaé} entsﬁe exﬁ&mﬂ}o 1e with
nie@ﬁm@rm@patﬁﬁyp&@s obtain position neasurenments of
the markers. 41. The systemof C aim 38, further
conpri aspairgntanosmaglt intgrrenpesded tOﬁb%Pittle@hPOG‘ weagiia ppsition the

d atl |ca w th.at .| east one of
A e PR R S T R B

I east DiadiatiOf Blerad abiilOhiéreadRACH PR igeRrPiIMMIctiREvely
position data to the controller indicative of the

pbbwemmaérahvm‘éne@pyla@agtamm agfs;t he gantry and pati ent

Compr 1 Sty Gt et g e LBath il & ity fiqdgrame

| dTtr&fctdpBe;peam axi s to obtain an i mage of the patient
and out of the beamaxis to reduce ex osure of the
i magi rigP glgahtyelﬁemmah mea@mlacntdnvabesawh dbiainepasitiont he

bl Syt b B ch SepBis oy

e T of ehfeleitél 4nd Wher ei n the system positions the
patient in an initial position and, after imaging the

pat i er#t conﬁell%rmhwhe@ca\r® the positiert inoamurenzants of at bunsittho patient

i geéﬁé IH(P)'EZ?% E%%fﬁg% :ﬁfg ﬁsté%t{t@ﬁy ggie{l) g‘ A of r&'erggce and

determines movement commands to position the patient in a desired pose in the 3

translational and 3 rotational dimensions with respect to the beam axis and
corresponding movement trajectories of the patient pod with respect to other fixed and
movable components of the therapy delivery system based upon the the 3 translational
and 3 rotational dimensional movement commands and determines whether a
collision is indicated for the Inovement commands and mhlblts movement if a

COIhSIOn would be indicated.
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nove the patient positioner and the patient target

i socenter into a desired pose with respect to the

nozzl e and eval uates the novenent trajectories and

inhibits novenent if a collision is indicated. 44.

The system of C aim 38, wherein obtaining position

nmeasurenents and providing the novenent commands to

the patient positioner is performed iteratively. 45.

The sy$henystdm @f ClainB88, whereai thet é}&emaizmbzsu'rment devices obtain

. nterc cted to.the ry so be .revol vabl e
optica, JRAges g 'ﬁz s eP%%“é‘éH?‘g?n ngzletpg @Vb & RPBHOIOMgASY GBents.
Whgr ei e

barh t e DAL ol e R S D A B8 SberP fixcd to o
least thé@apatt ipedtand moazld extiereinl ﬂpa)sﬁeml heasueat detiged Hlstain position

beam axftﬁ and correspondi ng novenent trajectories with
measurgRenET ot theyM3ENGEY i xed and novabl e conmponents of the

t her a r en, a e

o ] RS o B P B ot A B b Toeal posiion
feedback nderive sin asj@ratiet ejofini@tcationt Wigh ad 16t lohSiofrthé antry and patient

i ndi ﬁﬁtt ed for the nmovenent commands and inhibits
positigpgy, whersin the ateasbpng lorad posiion deedbacki device fravédes pagtigry data to the

controziﬁrem&%ﬁ\%rgf%e Igsﬁloﬁp g‘f?he ARELELD otftijf n%éﬁ?rg%f% g%e% osﬁ?oner

movenent conmrmands an correspo jeC r es

4. siThe dystemafClamy ssrﬁ’aﬁh@fcoh?ﬁsmtal Rfiknt iP@gink lsﬁsﬂﬁ’ﬁ which is
and gantry to increase speed of acquisition of the
movahle gto @%P b@@baxmso obiaen ay smaga of theinatipnt3md ot &f dher bedne axis to

s AR o BT B 0 0PIy SRR S

deternﬂﬂilﬂ theweldaive E)cﬁﬁkiﬂ & dpdtifent&ﬁﬁgeﬁ@bédnﬁdr Wi‘th\/ifeéﬂéct&ti e nozzle.
C%ects Is indicate ath pl anning and
| i sVhereysion Qfa@ié@ é%,swhqwmdhe systeme pasitiens the eataqmy in an initial

y ed an vabl e co
positicB BE T Whalihe AT PRGRE PRERRNE 5 SR EPE R0 i 4 anigrion
dlmensiom &01r8etioR, vdchﬁ? 9@ Sdobrle§inaEhgSME@ARIE VIR MdE And Arajectories to
tgl urality of fixed landmarks arranged to provide a
move

@ paticnt pPsitioner pnd the roHentdargeff ispashist infe e des;rqdlmnguthyeSpect to
the no?{le g{f& g{;ﬂ@(’lrtr%s a?rﬁc?ieﬁn?eg ggj%%/th]glg%%lﬁ%gﬁnﬂfsgmtg\geng l1%21 colhsmn is

mdlcatalOVI de location information with respect to the
substantially fixed frane of reference; a novabl e

(it i erfihessisisor tofcﬁlﬂmgiﬁ,ewhcr@us ebiaéning aoomnonemasurements and

t.ant aII e sto Wi th r
provid B TR APV Korphif th B PR AsRiBbL R pPER R pliveDi
143. 3 Tﬂl@@?ﬁérﬁtdf@]ﬁhl 30) WhdreiR HRI ARIR is ﬁ%&é@n@@t‘éd% the gantry so
control l er receiving p05|t| on information fromthe

as to bpreyplapble pbait agantsy isaeenter.
' 46.  The system of Claim 45, wherein the system determines movement commands

for both the patient positioner and the gantry to position the patient in a desired pose with
~ respect to the beam axis and corresponding movement trajectories with respect to other fixed
and movable components of the therapy delivery system and the gantry and patient positioner
respectively based upon the movement commands and determines whether a collision is
indicated for the movement commands and inhibits movement if a collision would be

indicated,
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measur enent devi ces and provi di ng novenent commands to

the novabl e patient support to automatically align

the patient in a desired 3 translational and 3

rotational dinensional pose with respect to the

substantially fixed frane of reference and

determ ning a correspondi ng novenent envel ope wherein

~the controller evaluates the novenent envel ope and

i ARi bi The npstemesf Cddimt He, pdictedmtths upgemt detefmifies the movement

collisionis indicated, else initiates the novenent. i
commgpds PR PRFCAPGIdHIEN (TRIFCERS B | FigTudANGoYs| BavRraenty et dhe patient

" j . ' [ ani t ' i.n the
positifir Ao bR LR Bt LR R ol 1 o
pdse cOhprystan ofaClapmi 38) whecipatheetiteranlppRidursthédl devices also
respect to a beamdelivery aimng point through which

monitpi{or opigefs Mhat sreyianter A delgimiesd mpyeeens trajectogien pndinhibits motion

: : . na.mg and col i si on avoi dance
lfanygg@gﬂgrrln% S@ﬁ?ﬁgﬁgfs%(gi?{&ﬁ@r conprising a patient
| Amger Agyel sanodig skt ¢cllisioyy avdi@aricd ksté@h doraitadRitioh Mrapy system

. beam axis so as to obtain an jmage of the patient and
having, figed god moyehle epmppnenth and peleativelypdalivering a adigtiomtherapy beam
[ Si: -34.avoj dance system determ nes 3
along?rgéér?lé?)lggiq}é% ?Sl%on gf‘%’?tg&a%ol &l mensi onal novenent

conmangisiuailiel & fdied GArdii s drfhgbPlobrbVie RaliseMtiallyBI&T frame
and the patient support and inhibits novenent if a

cofitefesing® i s indicated. 52. The path planning and

col lisjan oi dance ;syst em of aim49, rt.her .

corpr 1 S MR ARy PR dey Bl hutateed Y el opstion
pRtatufentthtstoTehddonipinbity s@hs foRoFEAERRAGHH Bforidhbe Ghthtr8spect to
movenent and wherein the external measurenent devices

ofbe setrstaptialiyt fixed fraveeefinefarenet’s of the nmarkers. 53. The
22 B s P A STa b B
ORistion wafSiekpeet o TRApaicaNRpbsrt @hd BortioNahl§ fp@ﬁlﬁbﬁ‘ kheS$ati@st in 3

to provide a nore accurate neasurenent Of the single
riegnglationral pd Arotatipnahawespanslvi ded by a  singl e external

t..devi . 54..Th t I [
ol 11 <SRRG e B PaRRaltof BRhe fBliy af exgmal
NERRAMenf RAFEE BREHO VI 56 Fcrint CoMRRRAOH thOmoPsIEbhtfent

that may enter the determ ned novenent trajectories
anppatherastomaticalle digorthe batient inhd ddsired Attansglatiaral a3 rotational

cpllision with such objects is indicated 55. A nmethod
il e eiePes L Siths oty Saly eeiEine aFtefrayts ap

Qfet&ﬁiﬁﬁﬁ%é/od%ésﬁmﬂﬁng%ﬁﬁ%&ﬁéﬂ%%H#%JWK&QnM_ Altrol1ES aluates the
one novabl e conponents, the nmethod conprising the
sneysmenténvelops amdjinhibpis umaeirtent off thé patiet suppdripif ksolisionss
iRaiBASY eftS it B Movedeny, | X
50.  The path planning and collision avoidance system of Claim 49, wherein
- aligning the patient in the desired 3 translational and 3 rotational dimensional pose comprises
aligning the patient support with respect to a beam delivery aiming point through which the
radiation therapy system directs a radiation beam.

~ 51.  The path planning and collision avoidance system of Claim 49, further

. comprising a patient imager system which is movable into and out of the beam axis so as to

. obtain an image of the patient and a target iso-center, wherein the path planning and collision
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frame of reference; positioning a patient in an

initial treatnent pose with respect to the plurality

of fixed landnmarks with a controll able patient

positi oner capable of 3 translational and 3

rotational dinensional novenent; externally neasuring

the location of selected points of the fixed and at

| east one nobvabl e conponents with respect to the
avoidqicar sistetry deferthines d3 | mmahmioka; andleX eotmtionalgdianedsional movement

transl ati.onal and_ 3 rotational dimensional difference

co Y Eiectedss topdotinithe matient; imageraanditheinaent sygRoth Aed
movell&stif £8b1Bsibi ﬁqﬁ(lﬁgﬁtwnal and 3 rotational dinensional
patient pose wth respect to the plurality of fixed
| 80 dmaTks ;pathe planfing gl colliskapandisage SybteANof aCladnad9, further

and 3 rotatiqgnal dinensional novenent commands and a
comprysiNg friphwrality 8f swtlery fixed tor sekecirdinoare ob i Rlwighir ofitge components
- prin p e | , i
stiod "y G0 T Dbl U BRI SHCRALHEH RORES M posin
measui@asity ethé eaddetsons of the selected points of the

fixed and at | east one novabl e conponents so as to

i #hi bi The paiheplepringfandheollision cavpidgaest syséaverofi €laim 52, wherein
. IS .S indi eated.. b6.  The t hod of ai_m 55
e e
to proSide ached ReirfleSnédsuichfnt bX el saipte MarkeP836caB0R (RAVRBIEed by a
conmponents conprises enploying a plurality of caneras

single extemist mepsugprang devittrages of the conponents. 57. The

hod0f ai m 55 enLei.n. the,di fferenc ct i .
 ofber nor P o Sl iGafier SFHERE (RGP Ay Wherein he
externfie hRASIahEY ddVRceRDASITBAGNI©P NI bFect:O M ISP enter the determined
transforming the difference vector in the first

moverpeitt drajagtosics pagravhicrain the enntroBepiohibits gnativnaifrany coldisionrwith such
ob'ectflor' .‘t:alge patient positioner in a second reference
] ?rsélrl%. "343 The nethod of C aimb55, further conprising
. tie stRmetodTiradifteAtls dnd %@ﬁi&ﬁfﬁﬂﬁti@nﬂ foRadlivly 6fBerapy with a
patient and determ ning the difference vector based at
systerr| ayvang Hrad 4nd) dteasbang mevhie cemporientsg e Bethod hemmising the steps
of of Cl aim58, wherein obtaining the radi ographic inmge
" conprises the steps of. positioning at |east one
X-Tay fHen QFlu?d]ﬁ.y 8f fikQAGARARs ¥ 4s3Y prdBESE sibdehtiiiRAfixed
the patient is 1nterposed therebetween; and exposing
tfrngpefitefranceind the at | east one x-ray i mmger via the

? It u lh : ?pso%lgﬁﬂlfngé Rqégﬁ{riﬁ G inqgél tr-lf-:gt?ne%‘?fags%dwi%{ re(s:IIJe%lt o tgg plurality of

iphibits

fixed landmarks with a controllable patient positioner capable of 3 translational and 3
rot_ational dimensional movement;
externally measuring the location of selected points of the fixed and at least
one movable components with respect to the plurality of fixed landmarks;
determining a 3 translational and 3 rotational dimensional difference vector
between the observed initial patient pose and a desired 3 translational and 3 rotational
dimensional patient pose with respect to the plurality of fixed landmarks;
| determining corresponding 3 translational and 3 rotational dimensional
movement commands and a movement trajectory for the patient positioner to bring

the patient to the desired patient pose; and
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determ ni ng correspondi ng novenent comuands and

novenent trajectories for both the patient positioner

and the at | east one x-ray source and i mager; and

conparing the novenent trajectories with the neasured

| ocations of the selected points of the fixed and at

| east one novabl e conponents and between the patient

positioner and the at | east one x-ray source and

i mager caspagisg the movenixint trajectogrreith thefmaasaered locations dfshe

i ndi cated. 6 he nmef hod of C aim59, further e

ci?ﬁeﬁ?‘?%ﬁoﬁﬁs ﬁ%@? Fg Mfgatiﬁast eIposRls sprpopents 8 pste infibit

afhol &R PR pitdlhokilBEe it SURSLANE iRk fed! ONT @

trgat mant0 axipé.I 6%.0 1A syst eérﬁ??%@pgéﬁl\%??ng radi ation

t fer aplhe methograf- Claine G5¢ svhereira ek @maliiy trhéasurdng it loeation of the

t.,he .syste onprising a plurality of novable . .
Selecfeéoﬁ%% SHiriae el aug ﬁ*@?%a% 90 Bqvablp SOMPPRERST CEBPRISE employing a

pluralify &f" c%ﬂl%fa@ft(} gﬂgfn_og)ggm?imﬁ ésq}f'g%@tnﬁh&ﬁgs i onal novenents

and a nozz t he Syst er conprising an

eXt er rifie method of Clapm SPs tvaereinlthe diffendiice vactbhis deteyrdinedlin a first

| ocation of the plurality of novable conponents wth )
referencg dme; and whereigslotcamming fhe YRR camEaBHs comprates igesforming
the diffehdRlRud i L.ndi ' rei

o iffRERHOEF 1R MAPIRerb il £84 Nl BIREEHonE RSN vector for

the patins pesitbonichinta kol refspedcefrabdee novenent of the

plural ity of nopvable conpanents and provides signals

i 9¥di c ke ecthodr @bt Claim WhefusthsT tsenpsipinge therstept of sobtaiping 2

: : i Nt | s 1 .
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movement if a collision is indicated.

61.  The method of Claim 59, further comprising positioning at least one x-ray
Sourqe and at least one x-ray imager substantially along a treatment axis.

62. A system for delivering radiation therapy to a pre-selected location within a
patient, the system comprising a plurality of movable components including a patient

positioner capable of 3 translational and 3 rotational dimensional movements and a nozzle,
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69. The systemof Caim 62, further conprising a
patient inmager which obtains at |east one inmage of a
patient supported by the patient positioner and
wherein the system evaluates the at |east one patient
I mage and provides control signals to induce at |east
one of the patient positioner and the nozzle to nove

with respect to each other to achieve a desired
the systemafurdier cpopesing 3M external monitoring system that monitors the physical

location of the plurality of movable components with respect to a substantially fixed frame of
reference and provides signals indicative thereof and wherein the system further includes
nternal monitoring systems that also monitor the movement of the plurality of movable
components and provides signals indicative thereof and wherein the system monitors the
signals from the external and internal monitoring systems and inhibits movement of the
plurality of components if the signals indicate that a collision of components is likely to
occur.

63.  The system of Claim 62, wherein the external monitoring system images
distinctive monuments of the movable components to monitor their physical location.

64.  The system of Claim 63, wherein the monuments comprise markers attached
to selected regions of the movable components.

65.  The system of Claim 63, wherein the external monitoring system comprises a
plurality of cameras which obtain optical images of the movable components.

66.  The system of Claim 62, wherein the external monitoring system also monitors
for intrusion of foreign objects into a predicted travel path of the movable components and
inhibits movement if a collision is indicated.

67.  The system of Claim 62, wherein the internal monitoring system comprise
resolvers in operable communication with the moving components so as to provide
information relating to the measured position of the movable components.

68.  The system of Claim 67, wherein the resolvers comprise rotary angle encoders.

69.  The system of Claim 62, further comprising a patient imager which obtains at
least one image of a patient supported by the patient positioner and wherein the system
evaluates the at least one patient image and provides control signals to induce at least one of
the patient positioner and the nozzle to move with respect to each other to achieve a desired

treatment pose,
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