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PATI ENT POSI TI ONI NG SYSTEM FOR RADI ATI ONTHERAPY SYSTEM

Rel ated Applications This application clains the
woensfoig73ef the U.S. Provisional Applicati on NeCT/US2004/026079

60/ 494,699 filed August 12, 2003 and U.S. Provisional

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

entitled "Precision Patient Alignnment and Beam Ther apy

Sy . .

e n?{&?‘g}\ggﬂ(ﬁg ?Emﬁglﬂtsﬁx enc eO Bac Eg%ggﬁgl 11; F[]a}[*ﬂﬂ!{( SYSTEM

Invention Field of the Invention The invention rel ates

to the field of radi atlﬁﬁﬂﬂﬂﬂl&h&i@&ﬁte% and rmre

Syt cifttornlienufdatiserte B th heliie ROl Application

Nk toer 49l copemss aFRE! 18 YHhe Mnand, sl %&Jlsls&alApﬂf&atlon No. 60/579,095
f eedback. Enbodi ments of the invention provid

filephuneeld, é@%b@hwnb&% direasipn ﬂ’a‘gq:rstﬁrlammt amblBeam Therapy System”
Furth
TR e e i R O

nmovenent tol erances and non-strictly rigid structures.

Addi ti onal enbodi ”entl?acR?ﬁ%;&'Sf@%tm\YeﬁuE}?t h planni ng
and col |i sion avoi dance ent

Higld efréret Ingerdionnpr oved saf ety. Descri ption of t he

Rel ated Art Radiation_ther systens are known and
used Y5 Brovogeclaies it Ws%eekf ot raéta.ﬂemlscrw Pelems gngd ygrg garticularly

r P
Wt pfO ey T 0 L] BB ELERL e
exiesisal eneasuu@meaSS)@m endlsal pesstin faédlﬁtekeEmbnéments of the invention

uant i. t of h| hener gy el ectromagnetjc radiatign

PE G A Aoy Rd éﬁ ‘btg atieqy ggisfratiof P%JCP%%“‘PIH’@% %ﬁéthef embodiments
f

H%é%ﬁ‘?i%’ff?%?&?%‘ PalspE 13 R0 e MR Barh ¥ movemen tolerances
and ndesiniely rigid kieadttdey. Additoel thbodigtentspronide hetive path planning and
pﬁdlatl on, passes gn |t§ path to the undesired tissue.

BIOPYOHEReD Y Reltatnmedfigient mevangpared enrgyed safety.

efficacious treatnent for a variety of conditions. h
Ipers&tl&gq mﬁgﬁglatee%jtt i vely charged proton subatom c

particres are accererated, collimated into a tightly

f oc usediihpantheapy s§i$télﬁ§ta©§i khowarad aedasi@govtiedrdatth@ftto patients
e ion within the patient. Protons exhibit |ess

@P&ﬁ vifles priely ofhcandiions npadiation ttlquava{tls rpicallygisedto kill or inhibit
tﬁ%gﬂ) %‘fttﬁl Hetfsklfe sﬁ‘c% Q% %a%cer 1gsuem§§%iet%rr ]ﬁled gluﬁ%tgy of high-

par and~can preci'se

eﬁ&@y@ﬂdtr%ﬁfagﬁét@r@(ﬂ@tlcﬂl HRAGA Eth—%neré!/ §Q’t10]¢@ Wdlkéﬂﬁéiﬁﬁlto the undesired
wi t hpatient tissue, the accelerated protons pass

tispircovh thengoah pﬁiﬁﬁﬁ%mg tlm@eweﬂﬁlss@ whily egdycingwnivientigpal damage
%ig%lizeldﬁc;r ah% ﬁjhg); P igsue 1 f)u%or %ncgctﬂe fa%%tl%{llpsagseg OlBl rl%g[%ﬂp &3 %fle undesired

tissue.

Proton therapy has emerged as a particularly efficacious treatment for a variety 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 particles and can

thus be more precisely aimed and delivered along a beam axis. Also, upon impact with
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the kinetic energy of the accelerated nmass is
deposited within a relatively narrow penetration depth

wo 2090184 hi n the patient. This offers the sigpT/U8204/026079

advant age of reducing delivery of energy fromthe

. ticl heal t hy ti . .
S8 8508 3% A N-PRE e bPaliioht Bt bRE Gp o vy o
dheZd/ teardfer an@ieh @Rhibh &r RdACIEBGHE B?aggz)eéﬁ?{vheﬁﬁl 4 Qgnificant portion of
"downr ange" tissue |lying beyond the designated target

thegriaetic Pap@idPhdhomcedieaieddiness iio repéied awphint iac tilatively narrow

i heir . it | i f. t. .
0, 00 0L R0 0 P IMEN, ik B st i
@elipbiyr af iehyre9f i et h@BRrdtéd ?géétgh (F]ﬂa%tiélése% rIFeEJlfthyh tissue interposed

fractions to achi eve a total elivered to the

hegy ey the dgBeiregipn ed thedisbveny nostlk af e padtor fpopreaddine as well as to

d r £d.desired/ heal thy tissue, .Thus, a radiation .

tdfg(év_‘rﬁﬁ%l %sstéstsg%] lylélgpﬂéyé’ga ay‘ﬁr g?sé%abeélamr?ﬂ& ‘_sstf}é%dmg on the
ihiohiedts! fr AasriiudMd SkieRy Al theR Tohdi@Bh NGI1RRE, &t 118h&Gpéutic proton
patient with respect to a proton beamin miltiple

beeime maxt Prsfably rfake glacet Bowes ariniatity af plirtigonseth aiuliiplg treatment

0l.N or. +t.he pr.ot beam wi thi n.the patient,.the .
B, 1 o8 B8N Be R Bt Y daPEeeip iyl Fecuing collateral

. dxpORGE aphierpbstll desirdd/HeRlti@ftidsné.t i al pl anni ng or

prescription stage fromwhich nultiple digitally
r econEtsué trediaticidibersps phigernDRRE) asceaprobe: biee therapydsystem, typically

hggtepr%g,%ns%gh:{ho%{tfioglgllglo%/nd{ i?il ! %Fc,ﬁe Etr]?]atg{g‘ﬁbtwg ?%Fg%ﬁgfé 8rno%(|)n beam in

a representa

18U tichtaont heén patel eNteteRhiab ﬁgﬂeffefr@d{naﬁﬁﬁg @din® $&Mthk Broton beam
two dj mensi onal views considered fromnultriple

voiliia thapatisns tanpicaligroeetird hasdidenito asrfernt acgeputiedtareography (CT)
Lssue to be irradiated. A desi.red target. )

Peo b BT RrbBedR iU it Ml TSPl R Teraphappponstnucted

rediofphe (DRRE) ded bes deteshiab@t etihe THER SR thathcallPCRbIOMt the three

of the target isocenter can be referenced with respect

digeptigrd! of by represeniative t ofr eheofntemnal physielngicglnsmutent af the patient

o;%Ze%i}&%fj}f'ré@ttgeg F}T&g%@hﬁlot%w%gcﬁg}epégg t%.' eg#pc?q]qléiﬁgrgé ’?r gqepntultiple orientations

andthg &P MinetibRG e fabgct 3k8se 6f tHe@ssBakd BBLiradibel. 88 dsired target
known x-ray inmage, and this radiographic imge is

isasapiar eereRpoRding &1 thediisus tohwhible theaanyes t0 hagwweadhis designated. The

r t desi gnat ed target isocenter.. The : .
AP SRR B BRIk Bl /P8 Gt jheet 1o physiologica
spasidbRhE patidnt (thénidndhits) QB irfdd 2 ARGEs taﬁétet fiflagehe target

isocenter in a desired pose with respect to the

radi déparsubsetieaisscipdprdelidnbyf the eadidiipsithdrapy, s radiographic image is

scription, The desired pose is freguent.l hosen as '
BRSO DB ot B RS oy w8 R S compared
oﬁ?_h@ﬁﬂ’ste&@l W UGe talg8@lnhRMRAL 1&peth® ARMALMARIRERZM isocenter. The

W th respect to the desired target isocenter to

ratipnterostitva id edjiusted ta, lie clogelytal potsdnebi withinde giwdw tderance, align the
i.rradi ati,onof ohher t

esire | at Issue, it wll be .
435 bt R AP roronteh 38 Htedisioh g ifeated by the
phiyEibiah 8SPERtiption. The desired pose is frequently chosen as that of the initial planning
or prescription scan.
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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to the beam nozzle is inportant to achi eve these
goals. In particular, the target isocenter is to be
w@omshisoaed transl ationally to coincide with tPer/US2004/026079
delivered beamaxis as well as in the correct angul ar
position to place the patient in the desired pose.in a
of ethsr figshed it 3dPbe taPhTGﬁlﬁFetiiﬂé% lagguracysofimieeenisat piajhe patient with respect
i t. i e . .
s e d a0 AR B T BEIC T b Bt BBisocenter s
6l 8P Hbsiaotbdcpnstdtioniliyon @inddswir thddeaighedbdaghatinas well as in the
beam passes, it will be appreciated that a rotation of
cetyect gagilanpodbuto plaee thernglient; 18 dhe dediedgipsp it pgoigHonal aspect. In

Can . L , .
PR S B 9RSE 5 0aBE BB (RN AL R BRI oy or
dpvditd prlort bearh ak 9Rdl]l hs ORalthber aldeatsattioh tdfi tiksid eirough which the
patient's boﬁ%ﬁ t hus varti;i ng the penetration depth. A

I

bearppagses.di Ml dglappragiated thalgd Extation; ofrtha patigd abewiohe fyget isocenter

P EML A TUL 6L L o
beRE=H GINS indtEk T ifipaEteioddl i ake fr@eidoeehtef lobate® withiie thegsatient’s body,

daily treatnents adm ni stered over a several week
thysriapdng thewsnetraiengepnnent of the patient and the

target 4 e s.wel | . S|t oni.ng - of - ati

o O RS SRT, BOYABiqL f IR PR ooy
régiies aypisaliapaaplesieited eiaer plindt) emdpaxratehetentiststiops @dministered
times gver a period of days or weeks. There are .
oy ek, & PEIOYPf fimay susheas diibhirepsmenta pdmpnigeied Gvgt agery#prksweek period.

ient .positi opihng. w.t.h re radiation o

1AL R ARk OL IR Al EFBARee! RolotfenfACkB oL Bosioning of the
paBgitsi fad dsired pogrewiib rampecthy tabainisngpicat egeapity determined and
i mges of the patient at a current treatnent session
exgculgdenplipiainenoydepapgd eiedayy eF yedist e and conpari ng

this ained i e vj i ned PR
o ¢ e by Rl b6 RIEM S Rl Bt MRTpIIE: positioning
Wit tréspettato tliccaidimiin peggeni phpantub.or Akhgrepiabisieninentfsed, patient

the patient will have renobved and repositioned ,
regiealionvissPerfarmied yhebtainingatadingremhe appesspphfhet atient (g a current
xact i ti : ' i . : L
S5y BRI AN AP BRRSp Al RPNl B doBadis cpancd imase
VEES Sl PeiOlislY Obfalied DRR tor PASEtiAPe &MtbhpigsBedd mdwaieCihe particular
the target image was generated, e.g., .the orientatiaon .
trep@rRnRTesAr Pt B it palientTAs dbn peféané mall dgve Franqyregnd repositioned
Th .t r.eat t session/fractij ' V. .
o b R D AL b nd g of a pationt

witlcho? Geadxtiy rdpRged ok traftnRaP EPioh ab ereadiidi® SR M to the exact
DRR to facilitate the determ nation of a corrective, ,
popitias [aatli posalwilihahinh thettangplobmageees Brmeraieds s3-+ therpricpiation from

vﬁ%&li %{Q 01ii 1n51h§;lr‘gsﬁct§ﬂ.1 g%gergt%& %ﬁ% R Ohgl"_l‘ﬁgl,%aclb t]l%?tlgjéeélit Wssion/fraction

he nmeasur conpu ( Icu
tiiedRNneslvey pﬁdd_fébly&ﬁat@]ﬁiﬁ? atdubgbquériyt flRaides rddeodr@hic image with an
speed in execution as well as accuracy particular, a )
appppagieqerresponding DRR to facilitate the determination of a corrective translational
and/or rotational vector to position the patient in the desired location and pose.
In addition to the measurement and computational difficulties presented by such an
operation, is the desire for speed in execution as well as accuracy. In particular, a radiation

therapy apparatus is an expensive piece of medical equipment to construct and maintain
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t herapy apparatus is an expensive piece of nedica

equi pnment to construct and mai nt ai nbot h because of the
woretos/01gB$ and equi pnent needed in constructi oPCEHIE2004e26079

indication for relatively highly trained p_er_sonnel to

l??dglg gc{aﬁgqiof WS rn& ftf,r?alg EI]tE gg:ﬁ?%?%ﬁgetdﬁl chﬁ%nllotﬁlgg r:]ahd the indication for

RGN E ahglgwlabﬁém?eﬁs@m@ t&dp @xfa{eegﬁd ﬁﬁalﬂtaﬁaﬂle%g)bmfaafs an addition,

vari ety of patient cond |t|ons and thus it esirab

radiatiorc hetepy. prahiae protom thomylypis nndm@ﬂsmgbob@xgw ﬁmaidtahe:ffectwe treatment

s beneficial tr.

BhE valtkof piBherdifonant g s dhRRPICE Tutiie PAucH Awougbput both
t6 @Qp&rﬂsﬂl@ b 1dbiNey RATHIS ‘T‘)E&effafal &@M@ﬁf‘fbem%%%ﬁh{%%l need of the same
paying for the treatment and increase the

Epr\aﬂi taabeductlgg ﬂlorelﬁf@StShterthpwati@m ve mysumnomcdmpames&paymg for the

ry o on once. t

i a R anGRels e e iRoRadhe et SRS EnvBoy it o the actual
RIQESTT, th@ P ARl dds@ N&ce it SRRMt s r%ﬁyeﬂbtsﬂioﬁg(ﬁ 689 r8fafvely quick
egress fromthe therapy apparatus, inmging, and

patdse ranypasisiitianeh latencarid paegntgngms ad dgtessafrbm fhedhetapre apparatus,

KBS, i PhFaY | RRRITED o Fiseah cARORr fiothdpe Sveral patiet

tﬁfJufglq‘}LWah& ttMstifle ARSI REEL lcafstp%a fo‘ﬁ'@éH? tdzrﬁleosg&ﬂeﬁnt and

he correspondi ng target isocenter in he d red
pos i tA dnl'tbmddlﬁbslétvalﬂm ar@sgelytposioning the aatimuzaldethareerresponding

the nmul ti itive uncertainties in.t
et oG PE e Po A PR an et o Bdhngzsle are the
xﬁmt@erﬁm Aldion LeHARYeS¥Sthe r@xacﬁ‘ifosﬁ?&ﬁ%'d%lahb@ aREI81Of the various
nozzle can be fitted to a relatively rigid gantry

sommpeotnis ef & @acmtlcmmht‘ﬂapy bystam. nE«szd}@rm&ﬁ the/lpdavenerateutande fitted to a

try center to f esenta n of, th
PRB S i bt Froofifela AP S bERS Bhgite B sfelye Al aggnty center t
faéilitdhe pRALAL SN ¥ 1HROMAIAKES %bith bk RCOHH B E?Qﬁgﬁe&oﬁ/lth respect to the
|nconven| ent positioning of the patient 'thenselves.

neowely evithoat reqarigg ntmopnsortaide wre enveliertt | p@ﬂyoﬂmg gef the patient

té%?lsea sy, g@%ngg?sls Xe?gragllfrarge@?téye? 13) rgP %lf/ﬁlgﬁél éon nﬁe order of several

hEeM), tﬁ@isi’ves QA HLRr 88 &f noﬂﬁ-gtﬂ@tk“h%id flarxhfl SRk td %Vltably some
and non-repeat abl e mechani cal tol efrance as the nozzle

deges| afetruatioal tfleaxidistgeionr apd IEXHFIEh@Ita,bIQ ecirozcl ¢olmmycdas the nozzle

[of0) ed.as an e at di stribu ss that is

Qo TR by PR Ge BheAs ey PR GoRRare oty Unesidistributed
Bad 1eft if Do ﬁ@czsﬁh&lycﬁ%id EH@%nin S @RI Qxﬁg;ﬁl%ﬁs eﬁcféf h& ﬁgﬂlgcan flex to
as the nozzle novés Trom an overhead vertical position
someaddgned, Zontedmplsiadehayszzie esers dtdnoanaivettived bestival position to a
Accurate identification_of the precise nozzle position,
OB, Sick R S BmBT LB By b Bor A oSN SFRGHALER of i previse nozzle

Hoh¥ean SisBibk b1 on a
e B A B LP ARt i BLE 2 1o a

pat i enimiledyi theqritiegt suepdegtlarsd dwos lsugfortivd phd ar ¢able and it may be

sub to so de ree of mechanical X und

SRR DaASeIE 2oREPr T PR AUAD! FON S 4 QUgest o some degree of
8NaRGal @b isdek %%Vl@r@ad" Qk \Aféﬁc(ﬁSiﬁc%hhllll)falctefé?dn%«gseﬁtmovmg joints that
t hroughout the rangé of possible patient postures.

anh nbtendcessagly consistent throughout the range of possible patient postures. While it is
possible to estimate and measure certain of these variations, as they are typically variable

and non-repeatable, it remains a significant challenge to repeatedly position a patient
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possible to estimte and neasure certain of these
variations, as they are typically variable and

woomsoegyeat abie, it remains a significant chal PeNys2000026079
repeatedly position a patientconsistently over

mul.tiple treat t, sessions.in bat Ioctlon and pose
CPRSIHtFI i OV COMIABLY FAPER Sosl Moty IORARPR ARE BPS%H0 tight aceuracy
HrB S sRECH TS EHIIRbG RNEQILliNE (Qlaébl%dlc%-by Basid. M@k Wﬁc\f\’ﬂnown way to
way to address gantry and patient table m salignnent
adéresa)ganayraag ipstient talile npaethgententbls fiorerdgistetthe patierif be®re treatment.
sun e patient is dto a . .
Ty BnReiTR 608 srieHES einen i atbevE Sary Gt o the imaging
ahff B%fgp biien %B%ﬁﬁg r@dﬁc@@ By afdaded RieBG ¥ OF 1t lPc?glstra’non

re-regi tratlo he novabl e conponent s of a radiation
t her 5@1}? mwbmmmemtemﬂ atradibtgorr ﬁnbnlpy sysierg ell&eortdnd to be rather large

us.indi.catin wer e nt of
e o o AR el e BB oL FonirBt fapgonents. As the
c§in%8héﬂt§@éﬂd Bk §gRYichRtOinBRMERRH ﬁﬂ%lﬁélﬁ AP hféajglpi/cally power
power driven, a saféety systemto inhibit damage a
drinpuraysadetm sbﬂerprtomﬂnibd daBmgetyd syjsiyerms aprovided udigety systems can
r interru based on caont ac tches.. Th .
R Rt ERBS e S By E R G e hes e G GE b g @ potivated at
B ldnOfop kdfgk R0 1RGNS dufp %bﬁ’ 8 Mé)ﬁﬁ)torbaflgld motion stops or
notion stops or limters can a so be provided
hfniu;@ss cal dlso bamed@edrm/phmwalljo emmlﬂd nam@eten’r bﬂygad a set range However,

However., _cont tches and h r S are_activate
R THisEo B o Brpa e 1) B EBRrTPRURE oM BRECHE) reach

tlllé moﬁoﬁﬁgutt S TRARSe 8 rél%x’%ﬁ}héﬁﬁh t rﬁ@t’idipstomﬁéﬁrhd%ﬁ &pwear on the

whi ch adds to wear on the nachinery and can even
njaphtermpygel ¢ah evayg :hﬁgaddo eixmeg@lf\mgggedlwxa@dnvbiyoh), add1t1on part1cular1y in

ticularly in i cat.ion involvin [tiple novin
BB Ag ﬁ{“@? %3 Fﬁlﬁ RS gﬁ)rpgmfgfseﬁ?n%u i ségﬁ grngeme it of contact

sﬁ)i‘ﬂché‘shzﬁﬁ/cﬁ'rl%@‘hnﬁ%sdlﬂvbmeﬁ &1ofiflcANOL o8 i hyOR ﬁﬂlﬁﬁtn&olhsmn between
conplexity to inhibit collision between tthe multiple

teompbipéntenEmdnisand caemtbad to inefffcidncice nribeveralltdystem operatlon if the
overall syste eration if the co rellm

PR B L0 agiib S Ao 2 1 1 RYRRNG oy TS froidsite.

avoi 4aneeme FHRBLTBE FWAISROLRBrdidodMtal R8s W3t 4BH 1ncreasmg the

that there is a need for increasing the accuracy and
aspeeqy ofd sgved pdtthe p&tmﬁag@@ﬁr@bnqmcm@dﬁw isTler @ nesd for reducing

.al need for, reducin t er.at eI .
iedeBntrre Hel FROPEIE B MURicyabiaies jeggee There is also a
nkB& I a' s9stBnSRatAcORRES fof Yardab®y G MptdidliaAC FOMHIS P ek @k to increase the

vari abl & and unpredictable position errors to I ncrease
achieagc ofipalont wbgigedtionrindr dpnstenatiitbna amtiatadn gmr@lyt delivery system.
"lﬁn th a radi ati.on th rap% %éﬁl ivery system There i

NeEs §lsReeteet &ot P g sy dAg SR &h’ﬁ&lé“aé&’/ Spyfing safety

2h@ dAR %é Bifr? %ﬁl@ o%oﬁﬁ&f q‘{n)(lt lréqn%g?@g&ng}ﬁﬁ ﬁt@lo WibhdiBtion therapy

positioning nulti 8 oV a onponents aralatlon
ctehemamysteltal Thereys slgs tactusird i@rafficisntgl secatigesiovemémrio maintain the

efficient xecuti ng novenent to maintain the
AHETAPE {/é %?ﬁe%tsgéﬁat L{eesgtPR-ent regi strati on.
Summary of the Invention

Summary of the Invention

The aforementioned needs are satisfied in one embodiment by a patient alignment
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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The af orenenti oned needs are satisfied in one
enbodi nent by a patient alignnent systemthat
wW@z2a0s/0msIB4 y neasures and provi des corrective fRPEDDSIR4/026079
for variations or deviations fromnom nal position and
orientation between the patient and a )
theeppyies aeftisimapeati dhisaginkediBenh ar roqdlys aesAsyaPdaiatvariable and
urgpggﬁgt%égl }r}étc%arcr&c%m%%%e ah ag)tléLﬁ)tlﬁ‘ d f#?pBF q#oﬁtgf?{?ﬁ and movable

ani ca erances and structura ex o

cdrhp@@dnand tievaiation GRrPYRONES. Dhis bhBodiathatddacestthend@yfor imaging
system This enbodi nent reduces the need for_ inmag

. . ing
theipatipritiebyreniwetmesh Tpptems vad deqreaset thedaiengypidae regisg@ton process,

o RSB0 LB 3 A AR S g s i

systedh Uge de@iimiacd hrv effietdnh nfplvamehtigosedatecandt dvatdinates the movement to
determ nes an efficient novenent procedure and
agtyshtivieit exdlisions hebyespehe cquipaentiapapgrsayisild col | i si ons
bet Nt ' t ner : .
et kS SOURIER PR BRIl AOELRE somprsin o s
pEIP Hixaiiog davigabénfigurall fpaddcert a batkat ivdth thepdcteo the patient fixation
configured to secure a patient with respect to the .
deydes. ametientpasiiigrerdetgrceanecieddq thepptiepblyatiog deyice so as to position the

N

tHekapyShapizicOMtdre@itdetcotiatthonahtraxnes seictiively dekvahgt radiatian therapy
radi ation therapy nozzle interconnected to the gantry. .
e %
algng & bPae taxise |y PhEality of | exéernd angasuesmank derisys Xihay obfain position
beam axi,s, pl ural it e I Vi .
BRSNS B SR, RE B SIRS AP IRL e oAt v
rqReivie® te pokiah nAsideMERE o8 Aidleddd eheiREiEhEIxa8i0M davice and the nozzle and
controll'er which receives the position neasurenments of .
pravidesaeantioh sigaalsi enthef patiant Mesidensict apwtiphdhp@atipy in a desired
an rovides nt r,0l,. Si |s to the patient positioner
OFgggﬁg}Wﬁ%%ﬂpﬁgt%QFﬁéﬁ?g%%-a desired orientation with
r especturiher éieodient idxipatie positiochiel sestbadbie rddidtRnaherapy system
patient positioning systemfor a radiation therapy, . .
hggﬁgg @Tphltgahtﬁ §f a:omp?nfmttsh that e @Wﬁgmlgvezm@lt, glieepo.sn}onmg system
subj.ec Q.1MV in ri s
SSHBHSFL, | RO BRTPuA "0y 5 LGOI SHO posiin
micAs@bhantd dFomk tlenlifeas doRpeitng of at he mbuidallbéatioaf information, a
conggne?g% SO 52 toﬁﬁngm%de kggatégg@ig%%%gaﬁign%ia " "
nry@als| patipattsuppart eupisorad leGHPRYLIR Betian s iy fixed in position wi
r?sateitetgtthes UaRL Ql} | gl layl fc%ﬁt?ocilaib& gt%?tiﬂoﬁmi[)ﬁ(ﬂg p\Q{iéIR il %ﬁﬁ@% translational
8 %he patien g@p%org and co of Tabl'y *posi t1 on €
aR@trbRibndl PxB)lahil Bl @nltloBBS e bivipainfaRttion ththt eiapluéaties of external
and a controller receiving information fromthe .
nislagirgmientydeyices ppé preiiding aswvcawaheorgagidsds thpgovable patient support

B Rt BB PO Vs O PR R e o PRl By S B propensates fo
nidRnechh6r tRO iukdIRP bNebrEysHesR) conpensat es for nmovenment

of the plurality of conponents. An additional | _
enbodimedditional gmbedintat of 2 megiosh efiregigtctng apd epeiiionnga g patient for

d%li{?ggllo?%ergp%fr with a system having a plurality of components subject to movement,

the method comprising the steps of positioning a patient in an initial treatment 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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delivery of therapy with a systemhaving a plurality
of conponents subject to novenent, the nethod
w@ompiEBng the steps of positioning a pati ent PCTUSIV04/026079
initial treatnment pose with a controll able patient
positioner, externally nmeasuring.the [ocation of
pafEmg PPEPIR Aesired Pakieis peses PBY PEYidiRg @tﬂ‘fﬁ@ﬁlém%mands to the patient
[ en the observed
pgﬁﬁgﬂgg{i ﬁle%a{nglﬁ RIS HEME S&Elegt%pa ot ose S
pr oviydt agotnavmt&mﬁmaﬁrrﬁraq@smbﬁmg hestpat foente withiat ﬂadfaabn treatment
to bring . the patient to the desired patient pose.

fagiliy nderdnthsdriiahen reatmepdaeitidins ﬁgﬂ@rygtyémof)@m%%s that includes a
sgﬂrgg oﬁ%rﬁgl{egéﬁcfﬁgél%z?ﬁ %l%%ﬁﬁlge a%thé%%é%H@édg?vherem the nozzle is

nﬁ)@ﬁm@ et fespatato thephtitde so AicBivate delivdry pAttkipattRicsand salected region
nozzle fromwhich the particles are emtted, wherein

of f naeien) waaglwlyntdiliprent natlpp derpasiionpg ﬁyat@memmnl@mg a patient

prr)%g{ngérl{tt%%t??(%g\}e%\a/lf‘er ﬁeﬁﬁtgﬂt \Ll%?@lﬁ%ﬁé uﬂ;a&*eﬁf@&sﬁ%o@lgls gf glg)gﬁ[‘tfie so as to orient

tieapdifent tinh gt iootht NEzAY 36 €milterpddlistiydofathphaitizids in the selected
positioner that receives the patient wherein the

regaen ehtthp patientonaponitoringvapier 9t d5age alr feapit ordgomponent of the
agfé‘%t 0\?/12’%1‘6%%& {21181%@?&{ ]IalrogglgﬁfE&?ﬁyaﬁegg%{sﬁgillef tv?l]ie?em the monitoring

sy d@n pédvieRIps , 2 aredBidnt Gidage iBYishiera bhahe Idiﬁgaﬁoﬂtoﬂ ﬂﬁSht least one
one conpanent of the radiation treatnent facility

CRHMBRRGHt Wtht r@sReﬁfGtoptg@ palignt E@gq foi teraRenty sl 2poptioh éystém that controls

d%%gﬂa %¥§c§ ﬁg ﬁ%{rgtlr@%?‘?lg r‘%ltlé(; (?0@1%1%‘(: %stélrﬁr%%tves 31§nals indicative of

tlm)mmmeﬁﬂito\hetﬂarfbﬁﬁ@’@ e dignali@cipdinigendesipéd oriedtation of the at least one
treatnment, and a control systemthat controls deljvery

COPPRFE miheadhe Rartidles yate ba ﬂewdemh% ReicabiYhesen §1}fs'f%m01 system
f!ﬂr?ﬁ:e 'rgcee‘?vde%'tgﬂ a!eﬁmegtdillnga%% ﬁﬁé& tlgg c&ﬂr%lg s@&% ggg%?’{eg ﬁl%et{eatment 1mage

t@fdetehﬁm@t arl e@sdl @fatgionIantat \Maen ohdreopsienc lpeidr & ereatment and
to be delivered to the patient, wherein the contro
VAIPERIR Y contiiod SYSi@R epupares e @%%t%@maupwé dhegpfdegshne component

P dlgf'{or ﬁléatﬁ}\éﬁg &'th H&}r@@%ﬁ@n %@@1 of t%@%apfeﬁgt dng%gﬁl '68611’( and if the actual

ermne an ac orien Ion O

ogienaniae moep hbtomebtoa pieadtamiihed odteriaefoe |cmédpendmné rvath the desired
system conpares the actual, orientation of the at | east
opfRtaHoRpR SARIY rSYelem: Sy signe e theopatisat Besdliguey to move the patient

p851|t18p% atsﬁcg{]t t ‘Ehg eacglﬁall &?}%{tatﬁ)‘ﬂe {[ﬁ)ggrp c@ﬂgspoh%s t8€he desired

tual” orrentation does etermn

ogiehtagion dufied deiveryaspangeticies. W t h the deSI red
orientation, the control system sends S|gnals to
pat i ehtfuphai embedimentoisng yadipfien plzﬁr@r@ymie PEE tsysé%rhamaq fixed and

1{451%@)}1& &%é%ﬁ%ﬁlt lthg Eys‘te @&lnﬁH%HE égse iefi %4&?@2@91%d to secure a

orientatio ery

pRAiti sltetntillly Unintubile ewlih diegpstt ﬂoS the pathinatpaen 4 Rtamy positioner
delivery system havi ng fixed and npvabl e conponents

netﬁlecogyﬁaqt@nt@ dhipriasierigPad gene# yio RoSHEAN dk paBent pod along multiple
tr\%lgglﬁﬁglﬁl %gd %o%t%‘o%%ﬁa[x%s @vﬂ{ﬂg{ € %ta%t?}lfl %Sftd(ﬁ 1?{116%.82 :{FIP%% e11(;t‘erconnec‘ted

res a pati
to the gantry and selectively delivering radiation therapy along a beam axis, a plurality of

external measurement devices 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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i nterconnected to the patient pod so as to position

the patient pod along nultiple translational and
WO eaoabisaal axes within the gantry, a radi ati opCT/I82084926079

nozzl e interconnected to the gantry and sel ectively

del i veri ng ragi ation therapy al ontg a beam axis, . a ..
pgteat apd epd Frzekaef ifaferiibgs mREIRET CUVPERE RhRASHIBLgRgtient in 2

o ke ' 4PSn RS ROLmBRdr A ori

g A B AT P B AR e P R} B rfories of the
patias poémerit sespéctad ofteadixet hapatéebie govpaedismiztbe ¢haagy delivery

determ nes novenent conmands to posjtion the patient CL
SYSiF, e regn oBE aopr R SR o2 SeiERIFFR T REER e collision is
in‘ﬁ?éaﬁe%sﬂa‘imtﬂé qgox‘@ﬁ’fe%lf: %Qﬁ)}ﬁaﬁ@é afd gﬁﬂiﬁﬁs ﬁéfovteﬂl@npﬁ{ 4 @BfisRRdwould be

W th respect to other ftixed and novabl e conponents o
iddivatddner apy del i very system based upon the novenent

conmands, and determ pes whether a collisi [

n i.s. .
| ndi AtBE TBOGHENABRE aFlNIe b RIS A FpYiFicn avoidance system
Ny LLisi U o . '
Y a0l indpf0binh MU g AL CRIE CombBicR Bnd sclectively
delinairiclg noediatiet drrdpgbean nhdigaticom dxihs tizpyosiiosirensykt@ cognprising a
fixed ?nd m)\{abl e conponents and sel ectj vel }/
plyehlity of PHTR] raraREN CeHErSPyASeLin a8 osltipRdRFasyements of the
cbf or&:‘ﬁ% dd &b Eﬂoﬁ&éfo@ﬁ@i&ﬂﬂﬁfﬂnﬁﬁ&g ﬁl@bé{ﬁ@lsétfeﬁt Qtfpport configured to
ext ernal neasurenent devices arranged to obtain
syg®it & gatiesasbsanirilysfiodd inhposiberpemthntespesd t@she patient support and
provide location information, a novable patient .
cglub%g%y eeRifPyPe P s i serliva Faasdional aﬁétramﬁpa%h gxes, and a
Cg)llltﬁlﬁfé]‘ ' 1%0&9?1? P&fi‘tic}% ﬁlﬁoh@?&fbﬁcfmﬁp Hd SHRALY EHE RUARP heasurement
and controll abfy position the patient 1n hultiple
deviasss | aatli enatidiagd nrovt@aento ramneds, tcarttle amogalile obdtent support to
receiving position jnformatjon fromth lurality of .
AWRPRH R (AU L8 BARET Y | B oo pﬁﬁ%\ﬂl’gi ﬁateﬂwa% ft corresponding
1 t . N
SRR etk h RN, Cotlb e ManpHIBE mdBment cnclope pud inhibits
ntteerieni off thg patiand suppspiahacoilsiom isanéinticé rlse irnpaewihe meivement.
the controll er eval uates_the envel gpe and

i nhi it thep c@hadimegis qlﬂgdepah{niegﬁgg% lrﬁ%g%?rlmg' qndgaosumning a patient for
i s indic i d ¢
SS90y LSRR TR B0 L Rl AR copponcts, e
nadtisbdpeshnpiiging nige steypadi povitidndng delativerip af intitied rtegymenit tjose with a
cg%%%ab mpgtf}a\gf ggﬂ{;‘é{eﬁ},g@%}g trﬁnlgfles%gitng Egg gqrcrzg%@? lg? selected points of the
4o : . L nidiald g et
b 0 B B0 b gt o T T AP igtor between the
obeased iinigial atibwic ppdeonndfa dedimdt patiqnoipatss, détetnhieinfy xewlesponding
and at | east one novabl e conponents, determning.a )
RRVEISRE feRMARES 8Rd BnNEERFTE R GSHEB 0B s Pﬁtkepfaposg%?l}eé fjp bring the
ng,.a Kreg: Lent. Bo 2 1 1j i :
D e e o hnont jectory with. the
nidagyred iavayiohosf thbeelpatd pritispd slid fixcdemdtad ldast ang rhdvable components
patient to the desired patient, posg, aﬁld conpar i ng t he
sg‘g@g}@mqug}/@g@gp@l\mp{a entpasitioner 1f a collision 1s indicated.

These and other objects and advantages of the invention will become more apparent

from the following description taken in conjunction with the accompanying drawings.
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measured | ocations of the selected points of the fixed
and at | east one novabl e conponents so as to inhibit

wOowsesT84 of the patient positioner if a colliBCDNS2084/026079

i ndi cated. These and ot her objects and advant ages of

the invention wll ec AT ent. fromthe .
foIIovving.descrip.ti%ﬁu—3—2%4!?4%’-?—3@&%@%@&—?@1e . Conatet with the
acconpagEndicadiayiapost Bhé @mbbamsdnt R @Ba&a{ticﬁlhﬁlera%)y system with a
Drawi ngs A schematic di agram of one enbodi nent of "a

priadit posbiontigesyaisyn sy stfesh eiiantatwnpiatshewt ipdSpureoi pgd in a second
sﬁstttemi .a fi1'igs-t orientation is shown in Figure A and
OFH'&"¥blortd " Srientation in Figure 1B, Figure 2A

T ustgad e i0n@redRRdieiBBYinRit belhaghablifaddRarSexdtéhded position
an extended position and Figure 2B illustrates the

ahdriigrres2B ilustietes thecimagderp osa tatented Pogitiows 3 i || ustrat es
one embodinent of a patient positioner to.which a. :
oot i SR ST el B e Re S Sttt o eflckyppatient pod

cH@bé zhB@si tion error sources of one enbodi ment of a
radi ation therapy system Figure 5 is a flow chart of
one &mpuei ABAE allusirateetdiious gbsition exrer riontges lo€ opesintbiagiment of a

apd.orjentation of objects in a radiation therapy
r%ﬁ%fc%th?@m’?ys%%ure 6 illustrates one embodi ment of

ext elalre FBAS WoR @Ak Heué e@Bodiflenfof 2fetiod O dbREHAME the position
system Figure 7 illustrates further enbodi nents of

apgt peentatiomebshicatsmpm radigtipre therapyeneireraekingt i on t her apy

g%’ S ta%géugg bgﬂ%ﬁla&g{cﬁg %}Eﬂlg lﬁ(ﬁlﬁ{é F éﬁ% a{{]%]%?agﬁﬁ%glf%ﬂggeq’iic@ %r a radiation

thebyadyk@m; t herapy system Figure 9 is a block diagram

of ‘'one enbodi nent of an external neasurenment and 6D

coor digrae i7 onlustyates furtifer tehbogdamdénén of patamal onasyresyest elgyices for a
% ureﬂl_O IS a bl ock diagram of a patient registration

! TEEEPY RE'P%t i ent positioning system Figure 11 is

a bl agkrdizagambal daghat bf BhaBRbAANRALE § pedcistor BhtiedR positioning
control nodule of the patient positioning system
sFitgurod aradipigorathbtapy Rystinaigr am of an active col i sion

ot SRRSO 20 U8 B O, CORL ol AR Sl vt s o0
cgglaﬂﬁfagml@{/st&ﬁ%fqm@ikﬁ%&iﬁeﬁmgfa,?st&ﬁ! l'i'sion avoi dance

Figure 10 is a block diagram of a patient registration module of 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
control 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 one embodiment of a method of

positioning a patient and delivering radiation therapy.
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and a notion sequence coordi nator of a notion contro

nodul e; and Figure 14 is a flow chart of the operation
wotoosnes7enbodi ment of a net hod of positioni ng BCPEB1004026079

and delivering radiation therapy.Detail ed Description

of the Preferred Enbodi nent Refgrence will no

to the draw metaileddraescuptioniad thelfreFesss RN

r ef to lik art tho ut. | .

71 ke EEnBRN Be bGP TRL b FhBL RS st R0 sBlerne designators
refRf 19 0Re SAROGHIBAbOT Figufea dAaidaB fifvetapcissnsdtieallyl Bkt and second

such as based on the proton therapy system current|
orientatises af onommbpdimtat bfinvedigiion thoey caFleBe il Suth a{g?ﬁfd on the
pl‘g&tlog %géri$lsylg¥e%%g%?e_lﬁgrdna1%§%gﬁc\%%lﬁ elgdlalslﬁrlliry]gl’girt (II;\)/?gac?% Center in Loma
Lifgs e dlifbid hiid 80dbdceibYd By U.Sf Baences7(Trey bAkst 26n1989 which is
~therapy system 100 i s designed to deliver therapeutic )
incagpmtadoherdiosiss its entiratayetefaretfieon The trhdiatien Sagrapsheystem 100 is

deglr%rge(i :tg aﬁ{g 1ggrtaﬂﬁg;agg&tgcir Q%ﬁ:{&golﬁte §?sloer r;tcsc)) telx\jm ?{rﬁ&?% Lotélicg’%gf tﬁﬁ@tiem for

tr@h bR malRiBafYst @ BHAQohdiEbiRSm dng ¥R nfdte dAZeibii @rientations with
I ncludes a generally hem spherical or frustoconica

respepptr thefpatimet. f The systee A A@ macladed asgpé@m]tOZO\whi@b pagludes a generally
canponents of the radiati h
HSARERL e Shpdbet ol ShAC HUGESPL 21BA B g o o

cRRdhiIRBe efdidthe Manby ¥ystdr 1By A&iifiensddetails WnShe structure and
Patent No. 4,917,344 and U S. Patent No. 5

ofismattonaif ewfbiodimentsof, the s KRevahes irnd imUcth %2%1191%3: 4,917,344 and
tirety.b T t o .
TR A LSRRV HE A AL BER ey o

reg@Btidey 102 such that the gantry 102 and nozzle 104 nmay

revolve relatively precisely about a gantry isocenter
120, Thusysteub] @& alse eomprises ernegzle 4 84 Whigidis aitacded and supported by the

di stortion om nomi. pal . . The, syst T -
S S Rl LGRS D2 MBSO A3 ALy preisly vont
ghAdl AbiRerbeaMLa! 9iged 16 adHaLIAN shgamdanha didldrtiddiom nominal.
as "a beam of accel erated protons. The radiation. beam

Thasstsn tLAP elsgivonmisesa sidigiion spyread 0agelivamg rpdiafign beam along a
ef | th ti b del i .
Dy S PR eI BE R SO0 B b s

ﬂﬁ&g%ho&l(f REhBRFZbE ail Qfferdtd 10080 ApBid bierddtiodyam delivered along 2
preferably be specifically configured for a patien

L
dd?ﬁ\r@“y exib dA2 pribs cpepwiedr 0G8 peside the disiel; e ofrfhe nozzle 104 and
t hera ertain l.Lication [ti pl t 0ot
iy @R 0 Pty i St Dge o PGt 5 & gt particutar
pﬁ&ﬁ Pnld &b s IARLISLHRPS. [AlceABhapphiagens ruldple apertures 110

ich, inthis enbodinent, are retractable with
areggpeded fo diffieegtdraatyent f2cietsween an ext ended position

ia|s| Iulé[ﬁlg Z%}r@ tni(le gl(ﬁ_ﬁf1 gaEsirog %%%pﬁg% e aopci%:égrre ?ﬁ’q}% ginl?e%%.{st ileE %ich, in this
embodiment, are retractable with respect to the gantry 102 between an extended position as
illustrated in Figure 2A and a retracted position as illustrated in Figure 2B. The imager 112
in one implementation comprises a commercially 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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in one inplenentation conprises a comercially
avai |l abl e solid-state anorphous silicon x-ray inmger
wokiosio1s7an devel op i mage informati on such as fPOIUS2004/026079
incident x-ray radiation that has passed through a
patient's body. The retractable aspect of the i er
sorrge hP@vyhgasthe Hmager Akt ayéobflewed Hﬁ?raw ﬁgo“#‘iiiégﬁﬁlég@ﬁal clearance

WPEGFER, GRS ECo AR Rl LR DGR 0 2eeen 12 pu e peth of

pétbﬁtﬁﬁlb)haﬁhﬁﬂledhi@nﬁdwm Itl(iH’lﬁtﬁla@lbﬂ 36@0€ ¢06utlienéby teliecing the need for
gantry 102 enclosure as well as placing the imager 112
staeielingfto bparqyidad tefhegutagat 112 | y harnful eni ssions from
th
e gg %ﬁ{e'trﬁ) lﬂ%@ M6 ngélqgﬁs & ﬁ%ﬁ)@ﬁdl&g%ﬂg bp%}@gﬁéﬁﬁﬁréeg 1130 which

shi e e provi

Sel&QlValySdeC apfRopsas xaay ralaRndilag aReorahoRD-ayXotRy axes 144 so as
sources 130 which selectively emt approprjate x-r él )
tor pash Serpesh BiEPRECS RALH tispiedo gongyte gadiograpRicdmpga ok the interposed

o3P P SR T RSO ) SOHE B ot crponc

pﬂainefehﬂbﬁfe&‘alﬂy teh@lcby’éﬂgﬁ/r thd 1(2ray Foercp@y 13@ tﬂd»raum@n@r g, the radiation
dose, duration, and other_ exposure, paranete

sires Kioalor {heeampl voplonrpip differe aLsnaycalisue aad w11 baeaflily understood and
106 f h [
A A SR 2 W 11 be readly

undems o embsdin@at, ek feasiechedyf e &-af sﬁlﬁdes}’lbﬂ(},llsqidsitionable such that
the art. In this enbodi nent, at |east_one qof the x-r
theok ®e SOUGD aX§ Jdsean bhaprEorsdcsp ehig be mominglly CafBtifed with the

o355 8 20 SRR 38,9 L8 BRaDRPUBR e o s i

cﬁrteg‘lls@ﬁi)ntfh@naaqmsﬁea’@& ancﬁ&SI abmiallg idenpiailitent tréaaee perspective.
for reogll stration froma perspective which is nomnally
Thisemphodament glse ineludesbaesgset %19% fifs gmagehild2 apd édfm‘ré?ﬂfce 130 pair
I t o
agcl_i ?gecjorﬁ nldgge% fé%%n@%pl%gg dﬁrg@g% r#a!u‘l% r?a ae g%gtlzﬁgﬂortho onal to
esaUstee. TBI epdodimére padidssghe aduahsipant bahg ﬁbl@ o bb‘gﬂnpdnent images
to each other. This enbodi nent provjdes the advant age
ip W g el PerSHeEHeate inGHedse ﬁpglp‘tﬁ%@)@saqc]%rapms will be described in
r
AR TREGENSB A Rgh TS0 PSR B dosgod m U
Pikeat NOBIGL 32, ¥ Sihe 5| [adrB2bevideiire atrebp 11icbﬁ30$2ycsd Byrseference
described in U S, Patent Nos. 5,825,845 and 5, 117,
whi cAhaspstererl8Bylsormenipgisrs paiicpipesiioapehtd(iake 3%9%4 % ptient pod
) ri.ses pat poSi te
1}8 gvh%h 2 a‘ﬁ%ﬁ%d t3 g di%%l & \}v Ji[gng S otft Eﬂé{}l@%’[ M;én%?ﬁs Faﬁ.o;fhe patient

a pati whi ch Ps atta

p‘é@iflKhdig 18 nﬁacﬁtﬁ)tddhs ireddiptRAapproprge nolémeii@npaiidenposition the
positioner 114 is adapted to, upon receipt of

paber i uﬁellnﬁvléxﬁtmtlamﬁld@d obsiopalopces pad pagfewhty is capable of
I I
p§%1g101&1}1g fté 1el§t dg %E}é A & %: ‘%Q‘g%?&ﬁ] qra'ilgltaﬁérllea? Bagite? gtﬁ th?'ell as three
o@tﬁﬁg&ﬂaﬁrdtﬁlchhr @@s Qb h@@gﬁﬁﬁﬁe b fdnsk dtgea &ieedime sf avtivekd placement
as three orthogonal rotational axes so as to provide a
of thd pagiest n9dgrlée freedom of notion to pl acement

The patient pod 116 is configured to hold a patient securely in place 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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of the patient pod 116. The patient pod 116 is
configured to hold a patient securely in place in the
w@atosem73pod 116 so to as substantial ly inhi bi PCEO$2004/026079
rel ati ve novenent of the patient with respect to the
patient pod 116. vari ous enbodi nent atien
paisat 226 1&6@@?5@&56 G EITh ihyedyre 1fﬁf>€@ﬁ eﬂ%i%?d when a
N R T
oo g O BRSSO R o PG ERIGAEIBIN, Gt patient pod 116
Aqginibhguteeddistad prefeinred entbbdineutst dfeke @mtﬂmmtl lpbstlenbrvﬂhémn&i patient pod
treatment fraction indicates, deljvery

114 e foupe {elge GRmBo! Sh%ssea?ql arit 106%‘2}1’511%1& g?ﬁ gfkgpwns attorney
ofREE P el IRRIARKI LSRRG bl PR Silpoor e Fld

ccﬁﬁﬁﬁ&ﬂlwhﬁmnﬂgmeﬂwmph id madmpomsed(lmeerm al itnentlvety bymkfemnng.

attorney docket nunber, LOVARRL. 128 entitl .

wbdms @FGVFi&lSIYéH?m%EﬁBdPPe@éPlé?ﬁcaﬁ?lll%@ tl%%f»véiﬁﬁ} gﬁq |ageurate relative
% 'An@'bq ﬂgh&tﬂ drSthk r’[ﬁ&ﬁ L@l?e%xﬁﬁél?de?y 'ans' I@. prov1ded by the

en T e erence. evi ous| y ment’l oned

radedtioal sousp ﬁJOﬁ owitth tmgetctfssmd]mthmstﬂle rpaﬁélﬁ asawppwrﬁdeby the patient pod

rel ative positijoni ? and orientatio

Lihapdpetiertcrasgionerdlf verdp eaaoga&tzleoaﬁrqfvﬁhaesastsv {fi% such as when

ar
c%%?ﬂl en% 825&%%%%} gie qyyslylé‘thfél plgﬁee‘;r?% Sc% ex)%ﬁs]i‘}b fi‘whﬂ”‘@ned the various
c@aporents qiaisd dyisenel00) tdch & thngdntmydiOR atht ngmzdd: 1@# rachetlon source 106,

ﬂxeﬁe}raﬁénrﬁsl)gﬁ@t %%%gﬂg%é%%n%m{ o %3@3954@2&%” aﬁ@%r?a{/ ﬁgurce(s) 130
SRR EIAERL e APHETAP R SUER 190,48 i o nomival

podia@e irfdsorichidiontWigclpedn «ffect posiatd dulieerybt4he hdam fodhatgutient.

pod 116, and x-ray. source 130 are subject to
cer t Aifresnbhirnd 11§ISF%F€tq(jff)9qemf frEsnSERE! ﬁsrjtﬁgé:ﬁgﬁlél components of the

%élﬁ‘ NANGES i {14192[1% ‘Bg%’%fb?{len gﬂ?{:vts e & aﬁﬂbhﬁ%ﬁt 1‘0%011211 deviations
can affec ccurate delivery o e beamto that
fipat h@ninal fMageinescchy @nitle Bydtéth US0r Bdreexdimbieg iretie embodiment shown in
arr an%:;ment s of certai.n conponents of t

Figrge il Aelithcatezzisy 1 hands fiisik dmagsr st Sl pospapally and are
sﬂﬂ g%t t8tb%¥15i;ﬂg aﬂuf ggvér%ﬁflyo gémcﬁ Ry e M eshddBle a1 AGAYT The second

he sys xanple; In t e ‘enbodi nent
irahgam1 12 s hrgiged shfstaritiatly Iveﬁﬂsh]ﬂ.’y Lf¥isand sfibhjecttto itimbenzontal bending

of %ﬁ%ﬁ%@géﬂgﬂ Figravil yitaissir e, patany 120 T Refiiehent amangement
bl Eg’(&;? d&ﬁ {S {)\ﬁyercﬂelaﬁwf\'s@ 519 thg%gi%ﬁtaﬁgg deF1gure 1A. In this

arran verticallTy and is not subjéct
oh@nﬁaﬁ@n hoth Zbﬂhé amagendi Dgs wtll abéhefriozsle li0dmgesubj:t to bending under

gure Billustrates the syst 1Q0 ff
Gt eI doaisriba Fhie Jrast iR ISR OO cREigwe 1A The

%Jx%ﬁ‘lehpg% tﬁé 'ggﬂn]géaer A ﬁgeﬂ: ISt %]t l)fa\ent!ﬂ dnli §icB ra's ?snl{ll%t'rﬁéﬁ in Figures

as we e nozzl'e 104 are
18ubpeeB dlso bﬁﬁdﬁzﬂ gonipoientsgofthiet systehnulO(I ® medhsﬁﬁc&rl golerances at the
degree than in the orientation illustrated in

movingraEtasey é@éh@se@revuaﬁen@%%l AP Afset sehpain hbimgictable, non-
r I;elaFam g, a|118 rb%dltl%g,cgorf"e%tﬂlg ol hidsddvHiSts bi o bRH{cESe basis is extremely

challenging and limits overall alignment accuracy. It will be appreciated that these

deviations from the nominal orientation of the system are simply exemplary and that any of
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A and B al so subjects conponents of the system 100 to
nmechani cal tol erances at the noving surfaces. As these
walewsats’ens from nom nal are at | east parti al | pCT/US2004/026079
unpredi ct abl e, nonrepeatabl e, and additive, correcting

for .the .devi ati gns on a. pre |ct|v basis is ex

o ORHEE R TR AT T £ SURareos Do he e e tefein without
ahllngbﬁoﬁlqﬁé h%fqﬁle f,ﬁ@é{hh{{%ﬁgoﬂiew ations fromt he

om nal or|e tation e system are sinply exenplary
and F t@ltesaﬂhﬁy 6E allustnzrtmen goéates@lmad%nhmﬂtreermof oentiaé uncertainties or
addressed by the gm di scl osed, herei n. .w t hout )
el ay Bich @ati PEPEHEYS; BilF o5 UOP RIRECGYFSs ISR Glofor example, the
i tiapl
T hafue e ssite o e Bl FLAREPERE 20, Fipues gy tustnate
tlmamsqmrw eftuntdranse byesorupdnraieraceda cesaih drstemlcesgatnﬂemsmons It will

tenzzle104adth e
b PG, T {0 P SEEh B bab ard-P g b oF The types of
elrbisUsiirRld By18e 3y RHN06 ae Mﬁ&%’cécﬁ&%&dﬁ%n@ 2@ rthawttlét system 100
reference to certain distances and positions.
deserihppisarpatile df sdiatssingeddiviondesroof. larthis remlbeémmnb@ddlsmece SAD is
simply illustrative of the ypes of error ddr essed .
GBS APt S0t TR GO (SN a AR BB 1 TR elgtign axis of the
r L e a
T e B A e DR G phation an
apetiingch a$ relats‘m,l sapde tunl distamceh, St dims eenfrodimertie SAD is approximately
%?ﬂl a | on source 106 to the rotation axis of the
4 3TFFSh i deal | y passes through the isocenter
120. F’lzé?fre @Hrlﬁﬁ’s%%?es(ﬂflat %ﬁ@b?ﬁ‘l@&)b&ﬂui’l@uﬁgﬂ)?&t&% Q80 REe error where
rel ative scale and distances, i n this enbodi nent, SAD
thestraplocaionnttied sadmtjoakource P0@ismebjectso oFfisgfuran 4Ayresumed or nominal
ill.ust test . one of .the otetlal sour ces of ror ..
Iqeatigihg o1 PG TBpodmeh Tt g en bEgh asprded by e radiation
sbadl abé ggsségﬂﬁ&fgh]t% frshsBid BCibn tcﬁatﬁfaéé et1chremR serve to center the
presumed or nommnal location. I'n this enbodi nent,
btdar dhesd dre indachitel dsdf Chleamh BIE fpmmi/thdmjarbytlst) afixed to the nozzle 104.
adi ati on source. 6 passes through two_ transm sSio
Tr ggt?he beam as

ER P SSITOF| B aRSE LHP1E SPIRETRUS SOBFFER Imct Dg EHMTPR
oﬁée@vécﬂ% Rt ?‘An%I :ﬂ(ﬁ’a’ ler?d}qn ﬂeQrt?e Sy 1083618621 @h S8, and error due

fixed to the nozz he sourceé error can arise
tcf f‘eggtmgj ner distsrtmauiran sommbbﬂmhe regnimp v 6Prentit wkat¢sh eFigemmA illustrates

as observed aon TIC r TIC 3,.err in.the true
SHIAE 7O SOTPRTIAE 2B P4 ﬂét g RSP UG &g Ry 06 from a

pPersugfeﬁth rﬁoﬁrﬁﬂalflf)@a@i‘oh%?m Qh@gtogagatﬂ)ﬁrgff the 10Batf% bdam across the SAD

rotates. Figure 4A 1l lustr s source error conprising
datarpt fisetglothetapertire 1€0 powidinga cafesphadingdirat 4t croceger 9.

106 from g_presuned or. nom nal | qcat|] and the
or opAGET 4R RS BOsibLE TTEH GBESEh B FBS LOSFHR @Rgs, where TIC L, the
i A Kt DT AU TR RRRS LHER P raﬁvtﬂgdl Mdaid axis passing through the
correspondi ng ‘'error at 1socenter . Figure 4B
nohined tgaatre ssopagai Wle As tler emc&smslecttfat;edbly(l?tgmedw and 4B are assumed

or ere ICl t he radi ation sour e106 and,
o ap FOETTAR 6 By FRLBE CBBRIRE XPUpdErR ghd mrea@tﬁg through an

akffhed nominal center of the aperture 110 to establish a total error contribution due to
radiation source 106 error projected 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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nom nal gantry isocenter 120. As the errors
illustrated by Figure and 4B are assuned random and
war@sntssBat ed, they can be conbi ned i n quadr at BEEUSIVA4/026079
proj ected through an assuned noninal center of the
to establish a total error contriputio

aperture 0.

due ?uégqraé??alé%uaﬁﬁat%ﬂw@rmewwrdu&rfe jPegiien of 813 peeriure 110. The
163068 &he i]a%l@atloE dobics 19h9dig {[Ef%g' WoRfhA! BoGFe: e&{rd & uncertainty is
neasures are ta (as descri I'n greater deta

ileddwagd tokle hya’dnllaano@nstmmp: eskrew; camdcﬁem odnye rfotzmlm 104 as well as
ap r.oxi mat e ure 4Cillustrates

0.6.)rmto 0.4 r
SR ol o e gt L9 ST ofgBh 1 ottt fifma the radiation
sdtile 1068l f’He' Aftae dA6 5 Al AhiRB ROLNEE 1266, | béam delivery aiming
assunmed nom nal ﬁOV\EVET error or uncertal nTy 1S
plointt r(BBM@cbrmuhpbBﬁlbﬂ&)bﬁwamn & psdsamkd wpmisk Bip ARndd fah extual BDAP.

of the nogzzle é wel | as ngnuf acturi ng t ol erances

IBFhl? FRbg g tRis £EeY frisipgHpR, erepd 1 hs erterg Flldaeation ranges
I??leﬁidt&?isl‘?}‘ﬁﬁ?to@@s%ﬁﬁss the distance SAD to

the om nal fsocenter 120, a beam delivery aimng

poi ntT. h(eB@sﬂé)n (=0l rsralstcssmg'ms i:dobxembdate\/\teqmsaiopm@smﬁnhd imager(s) 112 as

nomi n BDAP an n . act In this enbodi nent, .

s s gre ?96139.%&1{ @ﬁﬁ? & Fighte 1) s b e Dy ysrates the

h

eh%g aﬁséy g{léﬂrgéﬁ%%gﬁfl lfslta i S J eC tot§1lct)1}51é rWEIE) Ly Bgﬁtlor}oﬁth%rrespondmg

xpoyisbinor(shd 30fastuneed magieall shs 1He2e1asssmﬁi; ffroas titehve ray- scayce 130 pass

source(s) 130 as i]Jlustrated i gqures 4D and 4E.

teoyeh theAi9tiERy gy lggat@c{@béﬁaptﬁ b dsceEnEh EX 474 HeNprd fp the imager

1408 1li SRQek J&ﬁ)m&}l%ep&iﬁbﬁehp W' b 48 Beshd cfl o H + 1@96&b0d1ment is

correspondi ng x-ray source 130 assunmed nom na

appxemitslyi @usl for hmidies. x-EJna)y os aucartriit@on pleessud hogitighof an imager

t he pat. e a ocat ed subst.antially at jsocenter

ligda ﬁ&%%&ﬁ}@l %Te S? HfJ@ liﬂrfé@érpe pegition gf gledlﬂ%alg%}:]ez FHPTHIe to axial
sHifif £ bEMe bR tlf@w%‘ﬁ@eg}eat BNGE c@ﬂgsgoﬂdﬁlg'xsmg@gggb MBAL as well as
|saprOX|rrateyequa 0 2.2 neter r

coocemt egistrytiomof inenges otetaiped by imagenfl12no itleelDRRs 1 12 thigbmbodiment,
arl se fromlateral shifts |n the true position of the

befpagerTaction. B rEPE dado pashdergr 1dRiarg %npg%maf%i Orfeger
2 Wi t 1§ﬁ9 %,mteql]it 1tplﬁst?a‘?ésr & ﬁﬁié '&g}u)ﬁzem jﬁg%&ﬁwlﬁ% of the x-ray

as we as errfors in registration o

sbyrce@RdEn ¢itR the pokidobRRsthe Id@n’etp(mdmgbmnhmf(ml 11Dekmmed nominal.
cor ectlon he e rors due to each imager 112 are

é’ﬁ% XSPH@F%P errey dpejgthegi-Fay] SQRICy 13&,1}6@}1 gipors due to initial alignment

e
of ?llléjﬁ gﬁf;(éor%g(;/e fS%O‘J rElgor‘(j) Lé?m&xg @Mﬁﬁt\/%ﬁgﬁ%@ S’dl?et: ?g%/ Edu?&%]fg) into and out
of drer lempolink, agd emagelné $) inlckgreasion e dagl ani nelbtiveRtistandet ®f TIC 1 and

,@&urces of error due to the x-ray source 130, include
For 51SHE TP ATHAIEP a3sumed gdamk anéfun@ﬂ@elﬁteﬂ&y ingdgpendent and are thus

%g&i i L[aﬂ[acfu les?ﬂtﬂ% ilL@lbemoﬁqﬁgﬁt H1f 61 Q18 @X lycs%ulce 130 of

o and out o eam errors
appioa[maneb/aﬁt 0Gmmf sags and rel ative d| st ances of TI c1
and T| C 3. These errors are al so_assuned random and
uncorreihsEe aress 3¢ W@ﬂ@ﬁoeéﬂt indengnderd ang jmcorrelated and thus potentially

additive, in this embodiment the system 100 also comprises a plurality of external
measurement devices 124 to evaluate 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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added in quadrature resulting, in this enbodi nent, in

error due to each x-ray source 130 of approxi mately
wW@2005/0m873AAs t hese errors are random and i ndepePdENE20841026079

uncorrel ated and thus potentially additive, in this

enbodi nent the system 100 al so conprises a pluralit

exprnanersiamans dsvicesrbit eath\abére mepguremeRh aformaiion ﬁbgut the three-

faci.litate. .conpensating for the L
Rt HRe CR R SeyE LA 00 b dEEBEr EL s Bhn d0p g ndicatea by
thS YedhudfenfPAKRELD ad 38e of ARRETiRAE REdeikE 1BDal®Xie@ritdl to herein as the

nmeasur enent devices 124 as shown in Figs. , 2B, 6 and

“worldihié@xt er nal measur enent devi ces 124 each obtain
measurenment, i pfor.mati on _ahout th h i Sj ! .
oo 11 O TR B Gl GhaRebIATENT2A pRBRge commerialy

aY(8618 Bak{2PasaSudNed CM@Y diital REmERB Ui fegasix¥etekolation and frame
one or nore fixed |landnmarks 132 also referred to

rabesrodi200-d§00He, Which inftepa@entihohthinpeps dapgesmi objagts within a field of

ext al, .measur enent,.devi.ces 124 I . ' o :
B RPN ST SRR G Hemicny
T{Afh@%%ﬁérffﬁl me8t@dHdt Oevaded faaBnpadies @fitad 08nddf0kR, commercially

: I ndependent |y obtain optical inmages of objects, .
avgilablien fer éasipde of componenteof Wisi ¥ison lragkies spvipgdiromnYicon Motion

i a oxXi | 5 hor i zontal | and 70 v i .
S AL SR AT et e o
b @irdBént CRWVRIERS 24rc@n Q;@Hi?ﬁﬁ@ 1294 emvedrh@bldeyickOlnd/or radio location

(0]

exanpl e as conponents .the Vicon Tracker systemfrom
degicesnin Midition teysasammltpmetivate theRetiqabearaaps ofthis embodiment.

Howeyer,.in ot her odi nent s, e r.n . . .
meas Ut € ntemg’é’g}n&eé]_g’ 4 lgaéﬁeréo%%ir]i %Ozﬁﬁrgsg e?lhlrregg%lu gy, reflective
1M RSV IRBE AR  fied b Qari ¥ @bPAN BV FABS sysfen d0). tTh @ils bdbodiment, at
or as an alternative to the optical canmeras of this

leastibutierraarkershl 22re fiapd todeash wpmpphawnt pa tkesystenp 200 of interest and are

9 rise spherical.. highly ref]| Lve 4 whi
D9 5ol S Rbel O A BT SR TR P oventy on
cbihess, SRR EhdTBHibet. The bRambl bBiseenigt Idevisesl L2 atanbhXeicsuch that at

to each conponent of the system 100 of interest_ and
leastetworextesnalbhgaspieasatideyiqeaiad hireas giyen eorgponggt of the system 100 and

equi di stant from a gcenterli r._evenl.
Rl PR TR PR AP TRt of o
cRethalflcafI8deRURRickh 824 @b ph@aGdd. ITHR BYERHARIides the ability to provide
measur enent devi ces 124 have a given conponent of the

bewstlenyisom @ribe syrers AP ée perbdi Hy yaeReHY) toapoTeracewgicly determine

field.of view.and.in one enbodi t ta f-.en .
i FuPiiGh Aot oSBT i B Gb gk, P ek 122 are
PERSRELL toPaOiYit A€ Becb BiEitiaR bhd bikcis® dBteRMindBodbNM@YosMion and orientation
vision to the system 100 to enable the system 100 to
ofitheeobjecirtatvalich thet markersel 2hase |agfbeadi bawave iBrataiteaphodiments, the

S BEH  B  h R HPA STRARR a1 T2 FEL P i s
bAgldes i ind Al efts @bmbhsinp @BirkéterstRNht&@ dodttiugd dObjects, such as edges or
corners, comprising the system 100 without use of the external markers 122.

Figure 5 illustrates one embodiment of determining the spatial position and angular
orientation of a component of the system 100. As the component(s) of interest can be the
gantry 102, nozzle 104, aperture 110, imager 112, world 132 or other components,

reference will be made to a generic “object”. It will be appreciated that the process
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of the objects to which the markers 122 are affi xed,
however in other enbodi nents, the system 100 enpl oys

wo b@smoxg7es nal neasurenent devices 124 to obt ai PCT/US2004/026079
posi tion informati on based on nonunents conpri sing
characterlstlc outer contours_of objects, such as

daserefessl 19F theophied cap @rRsierd imppralid Oéy%taéﬁﬁl%@awetr Hefmuljipde objects.

r Rr S k2

rRghRS o8 e, TBIRLE 8 S A0 bald ety cxna

meNPtingdnt deviesy B4 @ith @éspactCio repe eﬂhhr add ﬁi&aw&?dsﬂ&inﬂ@ﬁe calibration
As the conponent(s) of interest can be the gantry

stafez $lice SYstrm lz%eii@telﬁ@nm the FRrdigbPOIEON ARGy g ?fb*?maﬂon of each

ex%%ggl m%&ﬂ%ﬁ%ﬁp&?':\/m ¥ arpfg?é% I1&)0 ?Eo H@tglﬁnﬁl@s Re YAREH 6f the world
13 Wﬁﬁﬁ%@ﬁfbe defiee bps db&l@at@d)L&Edmd:a{d @moteEimd ai spatial origin or frame-
ngfal lel or in a series manner for mnultiple objects.
rondereg tae Sistem 180,21 be WPHI 48R CE 15 GOVHE f@mléﬁ]aliwmponen‘f or
cal i brate r
SEIEIR S A S AP R AE e S8k Sncamromen
déheescialal bHaﬁdeQ Btreétates thithee sys likehy 10Gnolet er defiwes at eresult of the
spatial position and ular orientation of each
sSlerei phPamRQIERIIE B Ot FE AT ol offprécrencst farthecirtegnal gneasurement
dé]lvelteesr1 nes the location of the world 132 which can be
| neé by a dedicated L-frane and can define a

Spat Aalaat, ivgiich & headeohe or sber @atersof22t lensyedtveithin the fields of
100, The world 132 can, of course, rise a .
V@W@ﬁﬁhe(gxteg@qd JBeASHEeRpdevices sl%sgérnﬁﬁ‘? %tF91ap¥3?é§}lrem3nt devices

[
1 %ﬁe élg'écagl S?Ilggi tlgat %ulﬁ}%l? \l’jxf)égégnraté gr{%taﬁg%ﬁé?gie#gtgéf 3 gﬁ%ﬁ& embodiment
alTeN < t06) IQQ’UaﬁQ)bJ a@sinahe asivetar@f oftthe sysyest €00 idlelr eﬁeld of view 126 at
conprise the world 132 or point of reference for
a@kt%‘fqlilaltlm?e dber went 18@v¢%@éatqszahe MdRRFRAC{| @RVigigh location and
O%ICI%F. n ngt%?mgtgonl '@%IE eerx%ngr meSsiBNEH YdAL 1 3& hgd determines
Vi em1 of e external neasurenent devices
c&ﬁéctwésfabi@@a extlerhal theeasiltipterasxtergdvicesird@dntadevices 124 provide
arramged such that nultiple externpal measurene . —
inflspprsiest lppafiqn; andiaiegtadinn BHfPRRAIOn 400t RSt SRR E%llPé’“% calibration.
n e
R S e
d@}%’ﬂﬂ@lﬁt&ﬁﬁtﬁeﬂr hembew eﬂ@@@ﬁpﬁblﬁg,pge@medﬁﬂl baeatticns tawach other and the
orientation information fromeach external neasurenent
vebldi 482,128 wielll agethsr apoTdisaigo pysiea | waedf ek 6A% GR rATRGg particular
Lpl e ext r
bR aleB S Bl TERSI Bl et gm i Bl S o oo
ab@eblﬁteaghﬁﬁﬁﬁéﬂtalﬁ abpl0oatiogs, €l dalibalion statel hE) Waulfdl ead &5 be repeated
mat hemati cal steps to calibrate the extern
ifensserrmpter! the erictn! 1pasyEeRenidlsEicae ht4 ehWPHéu 132 dg pgwpd following
ﬁ%f |ve spaci ng, geonetrical orientations to each
%nd the world 132, as well as the coordinate
syst Gﬁkﬂldﬁzﬁ% aRdcgdpatioar Hata B0y ipatatd ¢ alliulnple extemal measurement
appl i cations, however w | be understood b§
dsvigeh h}ég/olgtkm gn impee 196 the ebjeqtts) af mperggt syropethe nnages obtamed in state

152, the system 100 determines a corresponding direction vector 155 to the object from
each corresponding external measurement 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

-16-



10

15

20

25

30

appreciated that in certain applications, the
calibration state 150 would need to be repeated if one

. Worosntsz3of the external nmeasurenment devi ces 1PdT/082004/026079

world 132 is noved follow ng calibration. Follow ng
the calibration state 150, in state 152 nultiple _
156 Xher FslemTeaS Wakniknds devpois i 2pachivdiere dpe vaelges &f5 (Figure 6)
the object(s) of interest. Fromthe inmages | s PUTS
deteane Toges 6 SYET S A CPHHOT G S57Y G BRRT g Stston in

¥ espondi

spag!a,: Y?Jgdg irgﬁf&%g& P 'Eheléftriﬂflowﬁpﬁ)rocﬁj: %%{ecf E&Rspagding to multiple vectors

spondi ng external measurenment device 124 which
intdBREAE at e 16dafient As thesdbidce hdsSeken Provddddswith (hyes prner pavements

Figure 6 as vectors 155a-d correspondi t0
or exaneal 2 S0 Pt 10§k SO SEE R ¢ 5‘%/'@%?

onLect f il tRel MR Fdigh S0 ftionk ewik2@dividian markers 122
Ol té?rh?% é)fajeeltcpéﬂ;g%{si?%%glo% cafculoat es the point in
asSHPRGE wheHe dHety aetios smplbmetiBtiguribe 6)tethal Beaturamentrievices 124

state 154 intersect. State 156 us returns a :
compyisse caingTah JOBISHEL, BBY &f AgHURGST Eg&@?re% dericRscap kg dged bo image,

the world. 13 | EORBSRARPh M@t ffom the spirit of the
e'gﬂuﬁ??t?%}l}ée \t}éecﬁ’g?tgoq{’ ﬁ?gﬁ%%@%ﬂat t he %ég_ati on. As t he _
pr&@ﬁteﬁltvﬁlﬂﬂﬁl. ?g&zslpa?iﬁakat,dé?/mtltgatt hnéeorlolrecwg@ elebomagpals or audio
or markers 122, e system can al so_determne the
enciay el nE I B BTG UNC DR QA PORE PG OB ik pys used t
._eval uating t at | I tde@rs of the individual
Migaf ﬂle(?e%eq%ﬁe @gé%cglha g}éﬁ\?\d tﬁ the obj ect. Inthis o
i NPl BEEREALcnOMmd drivtaohenframatieadeeanpead folethie obiect yprovided in

conpri se caneras, however. any of nunber. of, . .
stade £ ¥68r &9t Usteint ¢ sysipmp L0, gédge[sslﬂ?eﬁabue’gre&ted_ detail below. In one

eterm.ng t ] @t ttghe;?éfﬁﬂﬂl% Rébi iV | Wimately one minute
elrﬂ”eoﬁlélp?l}thglefcrgg?#aﬁﬁlggﬂé%r%5| t aclalf the present | nglgeigt i on
ankadllo@Uth@Eystée 00 es dbfeaninerthe objectelpehtian in states 152, 154, 156, and

el ectromagnetic or audi o energy. i necl udi vi sibl e
1680ie-wiktn 0} lanaand |0@ﬁ@&aHO%FPeW§[)1%a%§lu‘W’t Q?%S%Wa"fgné’nmg{eédﬂm“ 10ms.

used. t o | ; ] i | @€ Akicihl ReattR@nent devices 124 can
ARBIUIER §1?§%§594’6%§§h%%%h2§%ﬁgﬁsént at ieor] i r?fa ormation,
cgirek NMafe dmburdntt atejviees, faglioplooaticgie devigess praher glpvicss that can

use in the system 100 as described in greater .detail "
ddioivs Biroien AmBOAFABI oM CRFENEE B Eh e §E] 2 p addition to

be performed w thi I i B Y ROReM D4Itd8scibdd above. Thus, in
Ol %\%ﬁt?rﬁlgﬁseyﬁ {eﬂr%w %%B@o&é%%ﬁg‘%m ne thee_: object's
cdregatinBadiiRnstAtiagle ¥akmd ieastisfentadeikstZ4 eanpdit¢riine both range

O0.1mm and orientation to within Q.15 with a |

t

tency,.o

awrb divestiont frathel Obisot 15 dBicBRANGLEE O Heh P EATEY, and, 08??%?01{ In other

embadi nent,s, th ' idtgdceCiaformation to
SBRgrIeCE el R e e O g e LRE A sommation
1HEIH; &8 S @ kheObHjedt’ sdevdtivsintshade is antedetned iy ristedingiag thenintersection
to or distance fromthe external rrea%gre nt devices .. devices
of 2anliipie adidnalispheres centeisd Canth| CERRAPRYE TR MeasiTe

1 xternal neasurenent devices 124 descri bed above.

'us, in certain enbodi nents a single external

%nesional angular

" meas i esfnt cfevilinenis2 dhecantetel @ alsm eolpptisesramqgs more local position

feedback devices or resolvers 134 (See, e.g., Figure 1). The local feedback devices or
resolvers 134 are embodied within or in communication with one or more components of
the system 100, such as the gantry 102, the nozzle 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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and direction to the object to determ ne the object

| ocation and orientation, h other enbodi nents, the
W@z2a08/0181B4 neasur enent devi ces 124 provi de onl yPdi/S8z04626079

infornation to the object and the object's location in

pace is determ ned by determ ning the |ntersect|on of

Tﬁmlf)qaénf@ed\bﬁvrkt thiaices plﬁérmgv@é rndapeadesh PPHEOR SMPREHIITeHing to the
a

a n‘%ﬁ{ Lox{@ﬂl%% gf"s‘?l;i}ets tsgs?é[rficlg)?)aljfégifa(r:%%% %:fngoggﬁ]%eﬁlts the 1oca1 feedback

dleﬂ@éﬂ l?ploajrﬁprﬁ;ﬁ 161@@%1&@8&6 el @ Snddels LSDV L DS oﬂaﬁﬁpés‘.&i‘@l indicators

. The | ocal feedback devices or
thaé 36 %m@elmhly av@lablayayl whosgiopaTaHoB S VRl HBYRTEIAPE BY oBf of ordinary
t 0 e

st 00T ERCE RATRARReE) 34 B iSRG ot AT A formation
tHdd Gean thee vt by eheldBient 60| inBgit{om) told2, infatdagor provided by the

positioner 114, patient pod 116, and/or, world 132. The
emezﬂl nfcagHeEEN dsié\?PScle?& ts?:mms e HelyiPReiE R Hhedgient.
posi Ko . .
P oS Bt s el R AR 06 b Ron ptent alignment
syneal20b edd@aelpldey iheascatidd isforpaticeprooidad o enedderfsy the object(s).
| i near encoders, servos, or_other position indicators
AsnBiustapted éy W%ﬁarheypaé\%ﬁ P%mée%r‘m“%o%@ BRIRPTAes @ncqﬂgmand and

A A0S 2L e £ 4 S, LSb408 e o

2p65sddta Giesi2nd,ox fifatiow boritFd ncaiaie bl@ Htsaﬂetyznaddlﬁy 214 eand a user interface
21%stemloo in addition to the |nfornat|on provi ded b
t

e Thematiay) aligamen, Iaer 2¢benpleys M@tl@lbmr%rp@tlon prov1d€):/d by the 6D
g&&ﬂ%ﬁ% Id¥03 c]t%ﬂaqagtﬁ%%}%ﬂe ?Jg{lent EH& Irﬁ%%ttﬁéqlc;'zgg: ﬂhséhd the patient

rrses, In reci sion pati

palslltlgﬂeffenﬁ t8Yyashiene 2Qesivddli iedntiaentl ps at helidaoaiaby th& prescnp‘uon for the
information provided in state 160 for the object(s).

ABel}tIpll%@?dd{Yefée idﬁtaﬁl‘@ﬁmé) 8, the patient alignment
syst e d,an : .

co %E} %gt S lﬁ ﬁwa%g%ggfaﬂ rr%(%lo%c&g@% g?glltéﬁ?ggﬂaeﬁ&g%he external
nicginsineat dedicesndubed 206, thdaésalferd €581 21dingao ﬂmduml‘ent location of the

control nodule 212, a safety nodule 214, and a use
nopele ri04c the 2pgrturgrid Op thej @mgeraill?g Ahe Rty pputonayg 14, and patient pod
Y
13 g,gés%a}r%s?tgggdggﬁ?% ?1# %@éﬁ%t%eg ;ﬂﬁ@ﬁ%gg 13&*13&@%6%@%%[{}6 9 as the
wdikl Bz zTee R4 Radmbike, patvoddt 1320sbtidenetonlhdving origin or frame of
achi eve a desired treatnent gose as indicated by the
rpfieesses itptirghtato riet@ﬁ@mﬁmn ehtt i)rp@@lrﬂa@cpfb@etrﬁéwa&togmponents of the
AR, Ep ol QTOOH Ly SRR S DA o g pimary
p@a‘ﬁbﬁaﬁea‘s&!&mﬁd systeam22bewhiel ahate uses 1184 obsdragd detat ﬁaorhhtee external
current location of the nozzle 104, the aperture 110
mfr?éuneﬁa&@b rdeyiees 124 apdt respiveisod p4 i Gnéplculele papigion and orientation
t C
R S Aot DL BFRAN RS 1 posiion
1M\£bhhdtldr3% provided itx @d6Id abcRikisn MsdO L2 whidhZeqnipidesi@n coordinate

a non-noving origin or frame of
transform module 224 and an arbitration module 226. The coordinate transform module

224 communicates with other modules of the patient alignment system 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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reference to facilitate determnation of the position
of the noving conponents of the radiation therapy
waeyasem7300. This |ocation information is provPdBUS2004/626079
primary 6D position neasurenent system 220 which then
uses the observed data fromthe external neasurenent
de\éDeﬁmdiz@f oarthe segolofehs padent trogisttion ande thseapivt dediyery process,
and arjentation coaqrdi nates, of ese fiv
otbgngogiegioh teroaent Slennieet Srise a0F Famaibnif e ERTBARE Bhosystem 204

for 2%%8%\2@%1 | OfhekS opﬁﬁvéﬂfeﬁt £ OnBePRido8er Hicnatiagbn I’tﬂﬁ*b!ﬂ)}e system 100.

onpri ses coordinate transform nodul e 224
Otladt@n@duler dfithe pﬂtlenhallgmhﬁnes@ml 20hearcder mowgieé:alls to the 6D system

ZOth][ S?lgﬁ ];gslrog]t gcg%élllngtp;zzmmm ol C%t e%@l\é\ilt %J%iuggtr t}fpn Iye§v111 include
sulﬁﬁ{gﬁﬁﬂ de ﬁﬁg iGPRth 9{ gﬁfgﬁ' h‘eﬁ”ex%ﬁ& Bide thendmRitidnofaha tefelence frame
pat

annl ng a i sion avoi dance
in fobigbhl th@eiamwxdlsn@natedtdmd asdlaged Gfamene rpfergneptvhich the calling module

regi stration and t oces h
itk 64 REPER RORUIAFGRHO sy LG OB ea Ml foauestis
su?ﬁ ded 1P b BRisHSHEMAY [RuR RS Whieh pediest ﬂﬁf approprlate
current configuration of the radiation therapy
caByBtiem ifh th&shblmttaddiatteem the gwea rpferdnen tiragic @ﬁntéafﬂsfonns the data
system 200 can %é I‘OVI e call

m‘rg)u‘@ﬁ dgsired Q‘a@pd} nep 2Rd RS, h&fu%s QGC%U ¥18Irhggnuo§0£ e patient
ahgxlgﬁﬁtag AV ﬂdd i ncl ude subnission of location data in

erence frane, an indication of the

r ef el?o@manﬂeaﬁm radiativui braph eystian 400 say dstermingdhajpovement of the
desired franme of re

BRSBTS e

tral aﬁ gis At %lf)ﬁ’% QraEHSV REMASE.5 nfm SWRF A §-edsti Eege along a
coor e trans modul & 224 whi ch performns t he

Z- @Epr eﬁmll’ b @bﬁtwan& wbtatiomalsow povertiba axithis indisatedatHhis data would be
the given reference f

SUbﬁ%ﬁ@e@u e oy Groperarante 2Pt B THE S DoPgt fhdh the das

hn&@&ﬁdﬁﬁgﬁl&g BetaddnSRinB! loIMheBticsty péLtidrP0.14. The exact

or exa Iation therapy system 100
codediastsi timstﬁh‘a‘tatlnm/ aviBnyargf int hleecp‘fm |1@pterrp@gﬁpn@ r@‘y thpq gystem 100

dflé%ﬁﬁlll‘gg«lef%?tﬁf g‘?ﬁt&% ch 0 1% g;?gc%)%m};e g@gzﬁ rr?ﬁé erg%ﬁ Oélg %the )p%lent positioner
Rlsth% r&atie \}?(J fl%fbg & e Fatiefit pAiRicbANDewah e8Pe 18 ool Somponents

a positi rotation about a vertical axis is
of me ispatiad 00 THisyetat, ausinedordibate $absformeepnt by tepdily determined by one

coordi nate transform nnd 4 V\,hl ch woul d t hen
0%@@%@%51%%%&1?% fang parpigy ll1fll'e*’cpt§’ 2% r espondi ng novenent

o gnz“ﬁg §ntbt1t9£%tfoﬁ%1<?cﬁﬁé Y 2BREIIL b?élﬁﬁorl&i“the H¥gof xagtol module 212 by

I'na ransformations wll vary in specific
pioviliegreptdfit abecofpotition sipsirentida Oipde peerdbingt af msmon request. A
exanpl e, on the exact configuyrati o and

sqm@d%tgo(gmonplagqsp}r%}; SYStefR hroy e%tal gte% 1|v% Io(r) ﬁoag]%up position
megﬁn91%'éﬁteﬂhctfb%sfo} HRNBKiofls WhhPorlBfRiGhe k4l AloR&Rerapy system 100. In

one embodlment the secondary position measurement system 230 comprises a
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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.. .Wob@sarg73f or a particular application.

of the system 100. However, such coordinate transfonns
can be readily determ ned by one of ordinary skill in
The ar bPCT/E520041026079
nodul e 226 assists in operation of the notion control
nodul e 212 by providing specific object position
infohﬁit%g@érhqne HROR efsEGdi Rtwiifoenerplds bt praferradgthetsthe gR measurement
secondary position neasurenent, system 230 provi .
systatht 22(hpexaée ¢ thac R0 BPHHEHD §Hﬁ%ﬁ%‘n€‘?‘? PE Yo tescribed
for the varig C gf the radiation therapy
adV%f&%%eéﬁf%%{m 1ﬁ§%%cgl¥%%§g%}ﬁegn-t , the secondary position
MBS M8 TONIuSy AL M 2Rates alepili thespaicoomesitationghodule 206 of the

posi tioning functionality enployjn redi cted SiLE .
patiewtfabigmeeiicrysisas2Q). oks ﬁﬁleﬁﬁlgﬁ%ﬁ‘%bﬁ‘g thq ‘g[ﬁ Y @@&Q\é{na&“ceégo"auon
moves. | n. one embod CraRlkBR NerBRS 5fske@R 100, including the
me%@W@n%Yaré%}lsstcg%%fg%{ﬂ% 8?&{%%?{31 'nf or mat o% fromthe
tabI8%k Paflht JHRABLY AftEMt ndexE 168 aggzﬂemm_iueh @o_@@g@ wegidynates of these
posi'tion measurenment system 23 cei ves i nde e
Various comperEnOR @0 gresfsoh Rt & eﬁlr%{rg?lﬂs 0? é‘?JSHGG%e?gﬁ?%Q%ta files 210
It will gdenerall ShiinBA predeipfibh, TBAGHing Mg ireatment
ng%t“éé?f’?%%orblﬁgrua étggréenéaﬁgﬁtsp{r?nalry pporsi tlll_poni ng system
plaf QR (e prévasislyosiaes itheplaadugnt agssripionysssien-ohpigatient's
accuracy and s%eed. Figure 10 il lustrat
iog

dataletrabb conbgpad ibarft date GPRMEFER ¥om \HBHET tﬁ%g%t%fig[afr%?%ed format.
Th%) ﬁwtéalx%gtlgg lg{lsgnrgr}ggfge% %)%ET%H 200 mafsn RS e SN shsterd eDardshee] as to an

tains Tocation neasurenents of
im I%rdaﬁﬂﬁe GRRPRETE. STIRf intdge captdicanbduie RRG reqsyves &t empLe data from
0, including the table or pati. nl. od 116 andC ftnl%‘étion scalin
theriomgtel IP0andapracassesdhividdts Slffé}s%swlgh 1@%&% CHES 6 ’ &
hese. vari ous, co : r RS dnN@FAritAma41.
an %@PP]QE%? Pﬁ%deo‘fo%gtgg gé?%@%@eae%% a fil e%e_r210 provide .
i nf gx RS iephotiBhat Mg O dithamdaizoenan sntemediaie processing step via a

prescription, including the treat t ,plan and CT datg,.-

trapsgeariho aesation bneduie @34t O alryisERmMm ﬁt?mgj& B%&S}BFOI 5t ?S%ap%g Which are
sessjon., Thi s patient’ ab@y Cafhbg h 9 UWk® Gn Diyitedmediate data

pr?i"é? E%ﬁ]%ee??géf‘tpa%gﬁ epéorplrn‘éas%ﬁlt' the dglgsgﬁi{pr} a preferred ,

refiB4diBlion HAE ihér§RIthd dgeedl cfzeperationiof DRt Tl registration algorithm.
Information to the 6D system 2&4 as wel .

t. .
24il nBge theapinseaphn dbe Beament mae DfgYReUgR o7 2orifiat dataygvided by
thé%@ilg\ég%é 5@% alglggg%e gg@éc?edenggefM&} RO ihbde@f)di12 to determine a

suc filtering, exposure
reg%fe%clsdse NwhiSk ahfoftgaticand peedipal g teocqpurowiddend evnted wegglule 202.
mage data to a registration ale)lgo.ri t hm ][204%1 h 5%&6 or to within a
Tlenbgidiration algehHémCH lrieapiiigany et Slthen 27 FPEFHAHPATE
processi st ep_ Vi g | mdo it 34 appropriate
d%ﬂ?@ﬁ&%ﬁ%ﬁﬁ% C@%GCE%C{ gﬁ'%%t %a%t? ?%)%g g?ﬁtagﬁigev\hi ch are PP
DRRON 685biisf 4 esife@gpdstrattoorgiategdnd phiwne4 ITheTprmmand and control

transgraphs are an internedi ate data repr.esentat i
matidlei202 censwalihie thpewtrnb Fegisied gﬁeoqaldd:frgﬁaﬁgf)mﬁﬁiggg or requests to

inEiS ei 1%%(/&%1@:1%%f %lng o }ntolljen%f the components of the radiation therapy system 100 to

achieve this desired pose. Additional details for a suitable registration algorithm may be
found in the published doctoral dissertation of David A. LaRose of May 2001 submitted to
Carmegie Mellon University entitled “Iterative X-ray/CT Registration Using Accelerated

Volume Rendering” which is incorporated herein in its entirety by reference.
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241 uses the transgraphs, the treatnent plan, the
current object position data provided by the 6D system
wQQebsamsi3t he corrected i nage data from the i maB€Er/S3004/026079
112 to determne a registered pose which infornmation
Is provided to the command and control nodul e 202. The
r leglﬂsgurea |1d){i3ailglsilraltb remtRdiments st which thatyptest dh@ rPeéf§fmS this
closely_as possible or to wthin a de
misTEPhTRET Tt rae B Trigerang 47 PO RSHle 05 hap pyovided s
cawf&hm@{?erﬁaﬁ AR ¥k SndPBBF R R8iRRkMS Bf thetl@diatiod tiResH Gitem 100.
to register the patient. The command and contr ol
In B2 38, BE2motion ematqh ancelutetd 200trieaes 2 @@@@ré ua@f’l@an poyfiguration from

th%g]g SS{E’[%M 4 o Pl‘ﬁ)gl %%Wéﬂﬁgs B.FW ygreelqnéjs Oe ! on n(ﬁ)?l‘ﬁg&fatmn toa
P ?{y?gﬁ%‘é QQO&QG 2401 R Jall HlafEink MECHuROS£0 cheh h&dsqmﬁbrary of three-

for a suitable registration algorithm may be
difnersichal mdadebdggawhictedresot positipn givedencs defiagd le;&f P@é@‘?ﬂmovemeﬂt

A LaR f d
ofit Uf‘ﬁ v%]xglg ?98@9{1@{ $ gfgt%e Ffldi?’?lé’flﬁ{}%a&; ?yg&a}l‘b?&% lg?rs atple, as previously

ﬁ‘fecﬁlll%r oAt 86l (VolihirbRendes i3ngmoabi e4ta irSodule 242 1ndlcates the
|nC0rp0rat herein inits ent|rety b

envelope @ncelFg i epact Thib8gh Whish ihatieitentybth At me Ve depending on its

whi ch the system 100 perforns this novenent. Figure
PrFffeInh%Rq'%ﬁdelggf’lWéﬂs the command and control nodul e 202

has ”Pﬁeolglétﬁ %ﬁalﬁlllYgE‘Hodﬁl@ AN R &I Hprives @ﬁl @bfict ARVemeift difalator 244
conponenhts "of the radiation therap stem 100. |n
whichtrec2&8, ddthdramtthoADcondglodat ée 42 apd(cpp @plsglage movement

s%,lxjigug]g%megéé%ro}ﬂ%g %&%hlg#l?ﬁ:tfﬁﬁ%a{g{ 18181&1% %pggsy%%ghlt I?a%’d upon this
d?ﬁ?nf”[‘hgéj B%E&toﬂlot\lgnéht%ﬁf‘laﬁ&@ﬁ[ﬁdﬁ& zmﬂpfeeerMQ waorie upab]h\cert with a

pl anni ng "nodul e 240 conprises a librar
cdllisies dvastdalme(madlulﬂ@a@ bs dhistaatoh m;ﬁgrn@p]ﬂé S@gtlreﬂgsqga}lbﬁlustrates one

|
ergggﬁ o dla%t B{)]%@thrgaf Q{SS ls(eyﬁtggl\ég?? g{/hé%f ?ﬁ%v ﬁ‘{yoﬂﬂﬁent obtains
10%51‘?693}11%& u?énéHt?Sf ﬂfésa.lp&'tﬁ:f@%%' eder {118 nbiag e 04, Idatientspositioner and

retractabl e and a 3D rmodel data nmodul e 242 indi cat es
pitieat @i elldpendot 16/ @b well dsnthspaed lehdrowdh orhvend Lhe  Figure 12 also

ﬂiug&%t% d %tz 11%?11 ni mﬁfﬁa g}ngend %c%}rgn?ﬁbggl%ﬁ%eézﬁs%ecggﬁ%ﬁ nl%SOlVGl‘S 134
C(?r?eos,%gﬂtlcﬁgé é%ﬁl\r(?gygig@ﬁt oﬁdts{ﬂéln@it Or4, Ufmophicctod; aacinwgsr U, and the angle

_ a nodul & 242 and can cal cul at e
ofbheenriny 182.mul ati ons for the various conponents of the

e B S A B o v
gm&%ﬁlst kb _fegt I ﬁndﬂohhn Qm%géc't ?bﬁﬂm@‘d@‘da@i"d’l}@@ amduties Z)'ijct data is

ust In Figure 1 ure 12 again
ptdvlidesit toat ecivive motiddi 278nwhish Mbla@péwlaith%nthéfda%@ pifiable. In

?}%ﬁatg E‘r%nl@]%gq%}p\gl]lg hfthlﬁg ‘téagléa?]toﬂr 8? %rre H}torq.ﬁgt ?I@iﬁémo Cl?%ﬁ?gate possible
11}1:%9)?]1?1&%2&%1@; gf ?&ﬁﬁétg 'v&ﬁﬂeﬂle BBR PRIk dt® dhofnl theaibdlard RG2a8ch as out-

I xed |landmarks or world 132. Figure 12
o@l&me data or data which indicates, for example, that multiple o jects are occupying the

same location. If a conflict or out-of-range condition is determined, e.g., the result of the
termination module 274 is 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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illustrates that, in this enbodinent, |ocal feedback
is gathered fromresolvers 134 corresponding to the
wQatosem73posi ti oner 114, the nozzle 104, the iPEDER2004/026079
112, and the angle of the gantry 102. This position
i nformation is provided to the collision avoi dance
or fiodtsl /RGOl tPngelt the fuilt teeowshy 8idie 340 grita SGHP ?%0 igrperformed

folg)r\%%iﬁgezgrof my o Oclf 18{§16b rlgyg %e %ﬁ%ct ;R[Eélﬁ%ﬁgé\t/tgﬁﬁggaqggﬁnb&ﬂe 272.
whetrhgk eb@l@a@éﬁ 8f &tge\gniil hffgbkeve; arstas 07€ If(’ﬁiildwmhéls the collision

t he eval uation of the nodule 274 can investi
avpidsicbhediln 200 silstleiss irdativerdiganmes plong CWITeR & 161§F€étthe°t°ﬂes

an& gﬁé‘télhgsgﬂgg t alc&k?eglg w?e | e{t%h di a Z%If 7%&1%1%%?1 gt)s?‘gao EF@ fWhlﬁh determines

wiBdler loRE 81 BRIr& 6 TredbfeclCOHURWIPIGerithOf ﬂ&rmdllaﬁﬁlathempy dybtem 100 are
conflict or out-of-range condition is determ

toe clpse. (Lhéher @@maltlonfoftsmetzéﬁﬁfﬁ maEDE. ASduhe t@?&ﬂﬂ%ﬂ‘f locations and

hal
prwﬁgtfa@ tliajeﬂj)lrlteaﬁgtrf?%n\%a § %(}1 1sqgﬁ E%gr?g(?i taj ﬂen?pt 91{@&11%@%’[31‘66:0282 follows

du?lﬁg hafidiPRVOBERRY t}&y&fe%ﬂkﬁb@@ccﬁﬂpbrfeﬂfstdﬁﬁ{e fdiates d&rdpg sgistem 100
ault recovery state 286 where appropriate measure

is allewedicernntioue es oviigatesy angicnrp@e@tis tha TR Yo FedpgRe Brough modules
p ti recovery state 286, a
273 g@k %ggggg §§82§?Zfsasr}8 d followed by a return to
t he gakaver elfiheYahitPbs ﬂﬁ%v@lﬂh@cﬁi stpeSIR0i A8 affthativebe.gr yhat either
in modul e 272. If the evaluation of state 274 js
omgfdrinaraof the, objeckt are éOOZCﬁﬁsefOcﬁ [tha Hreinpraiester figy f‘(?@ﬂr’rqs g{oyl bring them
inng%ﬂEgg}gep% ms!fleélﬁ &Zlggfo‘jgtgtg % ?xé}fl&%teﬁtteﬁ \ésﬁthdﬂhé tfﬂﬁﬁ%@overy and reset

es and provi

st&tQé 986 alnaub d, ed1bRiner ﬁ@bte@rbuts@ asceval. uathlu@,ntmt mlbs@wvmdance
whi ch det erm nes whet her one or nore of the obj e

modmftpdﬁérttlb%fth@ mediatiodi theiapy sytien A @ﬁ?@mvwoe‘féﬁ @t g‘e}h current
qég ]étOJec eﬁépca{l}eﬁ)éxg\éﬁp F@%Ve%%gp %@%&8@% giglglo'v?nlg %gﬂlgbl\{grts of the system

rons and

1(§(T 3 GR#RhIcC P01 RbIIRIIASE SHfore GOy |dc61tt10fjr haaawveln imitiated. This is
sl eep or pause state 282 follows during which novene

ad)ffantageownevem rsyﬁbam@ optpne meeiaf stopr tgasT sk ifeh e%%’él?lspg?y contact

\ﬁf tgrenw ic hajt %‘?ﬂm’ggﬁ}é{) Sag ﬂ%{ﬁnu %’E‘o gﬂ' &t %Pegntgt}%s which by
th%Zl%ellvgg B ¥%§ %nad@ﬁﬁ‘at@ &2prdSerlt Aeine S ﬁ)dthe nevevetompdnehizevhich can be
resu the evaluation state 280 are affirmat.iyve,

redatiyely tohget aml hivesivomeviog siewifEcast ineés, gl e cRI§VEN dujiphto a user or

cl ose ‘2{3 that their projected trajectories would bring
PEBE P RESYESP i sion, the systemhalt of state 284 is

| ol anEphed it 515]€ctf1ﬁ&le§nehﬁﬁﬁ1\ﬁﬁﬂﬁbnalﬁkﬁﬂuflei‘w asséodbesating with the
286 and 29 toll owi ng as previously described. Thus
c@lhelowmoumnm navloled2HE endistng| thatothe iaficeigd gfements will not pose a

dij atl her stem,100 to c a
’l‘}’ncUWe %F?ﬁl‘g&ip HCT R RN, o%lg Iéoﬁ‘\églld)éd e Llul%ﬁon sequence
cg&ﬂhﬁgrq{lb@tﬁe @f46W1@9|e@a1%@t€P@[heﬁid$ca€€d inb&elﬁMﬂt \&mcﬂzﬂaf the one or
tigate possible collisions before they occur or
n&ne cempomanm fi the eafliatii tBeragy system 100 and sequences these movements via,
in this embodiment, five translation modules. In particular, the translation modules 250,
252, 254, 260, and 262 translate indicated movement 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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advant ageous over systens enpl oying notion stops

triggered, for exanple, by contact switches which halt
WOoRasom7epon activati on of stop or contact sw PCHES2004/026079

whi ch by thensel ves may be i nadequate to prevent

damage to the noving conponents which can be

r el atsipreliyusipmgeticed, e ysioes thexdablg comganeite afﬂhe radiation therapy

inertia, or togﬁ even

systea 199 §fné ASSURE rﬁﬁt élﬁlgpélpp%m@af %&%Jse%[otooﬁlffg 't g@ﬁtrocf parameters

and 2t R0 TRSME 244 088, £00PG0 akdd B Mridirdidte or translate a motion
collision avoi dance rnodul'e 270 indicates that the

vettodiinat efirsirofveme nafs refetehca ontOpdxe wpwrlﬁﬁes refprepfes iiame for the

t he actual novenen 0 re for

COFRIPIRHEE @W&F%?é? ehg%a?tgmz TaRmi %’ﬁ gﬁuat E@f ggémﬂe in this

elﬂb%g nfék @ % q@@tls %Igro% cR)fck\Mb@ 200 8o@te@cRwise rotation about an
nponen he ra lation therapy system 100 and

axﬁsewu@aase&e tplaﬂaﬂ positienent B¢ isi positionaltlhiig sendesgeaseafttranslational and

ro{a%1§§eg}1%@a€e§#%%%rgg@£§ daglgdﬁuszg}%ergt%%hh uI adlf%ﬁ%l% f@ine of reference for

m&;e | 3R 1#&15’1@5 CRL &SRy E "t{?@ltle \eeitPr92f r B Ravidig el @thilability of
rence rame to a comand reference frame

ex@dﬁ@ﬂ@p[ﬂeailﬁed dodatien pafan@atiorp dei theommouﬁ 1epmpanenigaeft g radiation

, the x-ray source 130, the l
(héi6pY PS04 00:r s putomvisyeTie BTt IS e Ad S by plen the
mgxaern%le%ltj 315_%18%’ ponERHIRPL @t?e{léhtﬁfrwtaﬁﬁ effﬁ@élﬁbﬁ@ﬁf& henagy
can assune di fférent di mensi ons and be
subj Eigtretid itliftfaxsentvoddiotr o mppd 80 of snaprbe@iment of operation of

transl ation nodul e 294 260, .a
the gadagtiom theraby Fys{qnéigﬁ 23 Broglcﬁgtvflﬁ the Dafient & aﬂ gr?t sy§! Fm 200. From
a fsﬁagt'n'rgta f 3 el GRE Gn 1@&@1&%‘01@@1@’{609@54 &th%reﬁl@ftﬁé @BERular patient and

or the correspondi ng conponent of the radiation
trédnee@moray st eapiddiedhe ndeamﬁﬂtbl hisi in felkgvsedebiba dieapnt prescription

the gantry 102 is . capable of clockw se and.. .
re&r&yﬁ?@g@ %ék%ds@e Il%q %%pgfpna@élutlreaglﬁelgxgrgscmg?% 5%&1?}(1211 of states 304
axﬂl?§(%6e&'il Efohﬁ {/1a3}1]ré1uée§ 1ROFAdeI B3R @ ctdisifb Xhel@@s €8S of module
0 rans | ona rotational novenent freedom and

2thuThepetiatt s thendeoval Wi &if snagitg positien ¥ strtefH0dnt entegig into the

t d to.th
pqr:{m@éf ggc? i héglaim,rgqr%paz&?qsqfftg n‘g%geg‘g pgﬁ?ﬂ(g}eﬁ" )}9%3 égéan the Iyatlent pod 116

sécﬁg\ﬁ'% & o}%étféﬁxp B! %r&&ﬁlafegﬁ)sﬁﬁ‘ﬁﬂ RHIMESAPONERt &ndf 1Reimager(s)

erapy stem1 the notion sequence
1tnendirnditiion soocie(® 1306rearo efolved iem inyag@m&ppsaml in state 312 and in

nmovenent of these conponents in st raightfor.wa
SIGRY1 B 1A S SRARRE R (i I Py gescribed via the

615%‘%&%4 1540t 30 %d1 s eRRRdicvRRS 194, c@Bﬁ&@ﬂiﬂglﬁarkers 122,

of € ra Ion"therapy system 100 as provided with

ahdessplatisast. al i gnnment system 200. From a start st at e

302, follows an identification, state 304

par t i fitker3 1;9&? rasperapyc {nags ﬁﬁtgt}’r? PR 43 C%pgﬂﬁg%ﬁg% %ae%ir 112 and

cb&edtgﬁgtc%ﬁ bed: }éﬂ_éﬁ s h%dte@lals QP& RY @es%ﬁ@&i BRHlle module 236. In this
rescription trieval state 306 and t

en@emtme‘mt C &k oimeaes tli2atme mlmmdmtgpt(h@}q saeaseVd) ae arranged
sﬁlgs?etln%fe’ﬂlg%erpendlcularly to each other. Thus, two independent radiographic images are

Y

=

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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and 306 can be performed via the user interface 216
and accessing the data files of nmodule 210. The
w@adosem3d s then noved to an imagi ng position POT/ES20€026079
310 by entering into the patient pod 116 and actuation
of the patient positioner 114 to position the patient
evalﬁ@tﬁ’qr%_lﬁ @?@ﬂﬁtd]gfnt setepaR0 ent détarmine Whthex g rediographic image
position for imging. '

oo ool i M §AR 0% TR Sk it i e
negét%aegl N9 RESIdiRatdd St @bSndkdeanof tates3 i@, ehe3detemtipation of state
-ragfllrmg| ng axi s paranmeters are determ ned as ~

3 14%18\7{%%%%; ldésta:uaBbéds indacaiédqieorﬁ‘@h@y%fﬁ@ﬁﬁt?(% follppiegyspte 322.
measur enent devices 1 '
rarkersc132, St e SerpEraenare prigrafE BgThe g0 bystom 204 as
r.adi-o 0§ th "ReS S e ' itiofis @@ tdﬂeﬁaltib ohel i
Perlﬁﬁsgl_nge%EJeang Cor rect i{%nrsepaggﬁq{)bgl api)l i gd as negsdede;e vere
COIMn(gl‘ég@ uSlhe gemton Hedagysysten MfviedhoBEienf reghittion module 206 as
enbodi nent, two imagers 112 and corres L0g;
pregiously slgscrdpgd.afe Stéfreréﬁg@dm% GEPERFH %;Q %%?E g % alﬁ%% tonpmpeﬂy
al.lgtlﬁgeggt@en?hm%de;mugm {wo independent radiographic
8 s are obtaine ?ron1orthogonal per specti ves. gqis .
anle{ileplhov|1féeasatriiyerenquirpdl eine crcdilesiangphplc gt delivery, this
information than from i ngl e, pers ' | is indi
embp@oenbUEHHET At BRI a20 S ADE I EEe & By oa hloy },%Eﬁt fs indicated

mul. t i ' b RCL: .
to %%S&ﬁl({lf%l% %aﬂ%’gltlg}_&% 5%%%%%2%&%1P@nw&6 aPebfanemcfftior patient, such

. L : 079 eval uation is perfor q
as ki @b PhtedPsitionetel lek imi stae BAL th ppsitipe theaRAtisay Qp’qk}p éncﬂga ed pose.
i mage acqui sition proce iS.

Follewaenibaes PONeB e e Ga A, TRLEH B D e 204, to extemmally
negative ¢ ] i ti f i o
ST E PSSyt et byl i
sta@e}??ﬂ_’;&%e@& Siealesir&llpatmst pordiheatbeen ahievigg ayjthun the Sesired tolerance.

affirmative, followed by state. 322.,1n :
If edaquprighl 2cREASFEIREMI Y %%éé’Oﬁg‘rofliﬂ%gnﬁéh‘%ﬁ}atfe%‘gh%d%é3??5% been achieved,

stas%él}@s TS ARl adESFdCtiBE dvdcRordRt esmpired tdne rrehsfoimeel into the
SITI ONS an orientations of the vari ous conpon

ap@fop_ﬁ‘iﬂ? frtat_ilﬂe adfl fertiver fopyfushet mevaoentyei thenganiat @?ma?ld/or patient
regl s i ;
posiiner 5. b6 SHSOB AL FOna® ARLTYE S [AEfhpeicat has been

I'ndi ca

.0. properly. ali . ' . i ‘ - .
s o R o Bt ot
3%?(131' éé@éﬁda%dehwﬁh ﬁf&fmﬂdﬂemémprebctrlpﬂi@nr Fos seiaiapatient regepptions, it will

sone degree o antry 102 ) is .indi .

b@mﬁeﬁt@gﬁ ‘qhﬁfeth@ élﬁ?i‘l%e%i éefs%ﬁ may 1{1531\6%?1 ﬁtﬂtll gésf%%ﬂg%ﬂ;fgﬂt%&, such as
) as Nov : . i 1 ) - .
bR g4 0 g om0
nﬁgf/ljeerergértatiﬁely [te;tadamgils gﬁt radltipbs presfidhddotipaipent ggions. However, for
hovenents, state 332 again enpl t :
shoianyo oS SR AL PR e o e
trontieht %eﬁxbe?y neasHL edopshibikinn bigred®lersTions hich may comprise the

completion of treatment for that patient for the day or for a given series of treatments.

Thus, the radiation therapy system 100 with the patient alignment system 200, by
directly measuring movable components of the system 100, employs a measured feedback
to more accurately 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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state 336 whether the desired patient pose has been
achieved wthin the desired tolerance. |If adequately
Ww@e@anss7e4 r egi strati on and positioning of the Per/Usmwn4/026079
has not yet been achieved, state 340 follows where a
correction vector is conputed and transfornmed into the .
at adppIoattidatieery sempn dfianis pesseie avithdmorursysiems apd SHBAYt ¥ iterative
the gantry 102 and/or patient positi ~ hi
sequERee of GHISTAR s DS P A e a‘}‘?lé‘{bﬁ%‘{“e?ﬂ%dwgfap °
i ' Sphges FRld ShAs R kibYifibaRidivanstt bothtdfenore accurately
IHR%Q%%%g%d%gsé,9the rghiation tggrapy fraction is . )
deliareahb e fharapétceradidtion, rsigniGomtisdeeressingtheHatepat pldhe registration,

_ prescription., For certai at.i ent .prescri pt.{.00S:..i

imAging Sl DOIRHE BHCTRa L™ HB ORI [ oRERP iy gyt fhuoughput as

we{l nd 'r%:ﬁtcﬁitgq}ié Ekﬁmsﬁretc{ﬁﬁé PRt {0 264y @BRtioS dating@gadiographic Imaging
ro

reat men a plurality of orientations and fhat
by eqpcogthated forhilips ofan dxposreeshBUing@OTREe gession.

AT e
de IUI%?% &ndn %cﬁ{nﬁh lo@fkhb $urdaliétial ASRY fdaburbd Gfuh€indéntiolassapplied to
Wi

0 e treatment delivery of state 342, a
thdsk Bin®béithesitsattaviBbé vhdérkiond thveh ivatouseyniBtoRS substifufjgns and changes

m g%?g%ﬁ tolgt%gidggﬂtog gl?aelt ?t fiflﬁﬁ&@get% eT ! eL ]%}T @lt%?]ée AEuHBY, the art

i | g WIreme Fe@nMdveniidie Ceaidqeaiily, the scope of the
“”gﬁﬂgﬁﬁgﬁ?”§§2?2ﬁ¥¥%b, by %?ré%#lynneasurin

novabl e
ineRHpH BeNilé notfbet lheitah o ttlagrfot RN gEdRs PN UESAS bE éls’gned by the
feedback to nore accurately determ ne and control the
appouielickiPhg of these various components. A particul ar
advant age of the system 100 is that the patient can be
nore accurately registeredat a treatnent delivery
session than is possible with known systens and
wi t hout an iterative sequence of radiographic imging,
repositioning of the patient, and subsequent
radi ographi c i magi ng and data analysis. This offers
the significant advantage both of nore accurately
delivering the therapeutic radiation, significantly
decreasing the latency of the registration, 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 magi ng by reducing the need for nultiple
X-ray exposures during a treatnent session. Although
the preferred enbodi ments of the present invention
have shown, described and poi nted out the fundanental
novel features of the invention as applied to those

enbodi nents, it will be understood that various
om ssions, substitutions and changes in the form of
the detail of the device illustrated nay be nade by

those skilled in the art wthout 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 cl ai ms. WHAT | S CLAI MED | S:
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A radiation therapy delivery system conprising: a

gantry; a patient fixation device configured to secure
w@2@anisgst wWith respect to the patient fixati oPCTIES200€026079

a patient positioner interconnected to the patient

fixation device so as to position the patient fixation
wHEYIS eI MED $:ansl ati onal and rotati onal axes wthin

the gantry; a radiation therapy nozzl e interconnected

to the gérediptigmthempy deiaerypichRPPVREIRY radi ati on

t her apy ngﬂ%ra beam axis; a plurality of externa

measur enght dévi ces whi ch obt ai n posi ti on nmeasurenents

of at | eagfatibhiefipaibh @evict icsafigioed devicase apdti¢tevith respect to the

nozzl e; and_a controller which receives the position

meaBéreiEititonodeviee; | east the patient fixation device

and the nozzle . provi ral.g.si ; :

ati ent pogtertomariqts HeEREaRls @' 8 HRSHRich evice so as to

des psto®iticquntiaitifoativh téviceapestraishtions dnd antatisua ax@, within the

The systemof Claim1l, wherein the externa

meag@rBfient devi ces obtain optical inmages of at |east

the patien i.xat j [ zz! 8t i ive

the posi fi SR PERE AR BREEIRECRRTE) e Pl B scleotively

f ur ubeverB@IRdibtidmBeapphisnghibtymakisiar kers fixed to at

| east the patient fixation device and. the nogz

: l.e . .
wher ei n eh@leRktyr 941 cHemal rapmsHIenY | dadccspi¢f obtain position

posi tion - ~ b st,gm of
L
posi ti on f®edbaakyidey ieeiventleposiioh\eeasaements cdtal teast the patient

with at |east one of the gantry, and pati ené iti oner ..
wherfation Havieg andsths nogre ARG PHIVIgss SPRY %rﬁ%ﬂé &ggﬁwa’“m positioner
devi.ce pr.ovi - 11100 : -
i BB b ERAER T & MR RBnbiloh BRI W bea .
gantyy arthepsiteandf Qsint i,omesreinGhe Bhiersy shemreofmedl déwices obtain
wherein the systemfurther conprises a patient i mal%i
optgaltimeeehe et least Hieraatignt ﬁh@é@@%ﬂlqer?é‘dﬁgg negle ihgbta
detrerm' nes the relative location of a patient target
MAsHERtsr with respect to the nozzle. 6. The system of
Cl aign 5 whes Sitent sfeClawns t efirfhosédryeisng dplupaity efitnailerafixed to at
initial position and, after inaging. the pati ?nt, ] .
leagb ther prtisak fivationrdeice i df thepewic RRECHY %\?ieg‘&?na meéasurement devices
ont ral.si tient positioner and the
ob At P%Sﬁ{lglltl %%gié‘?er%éég%t eegélgﬁe?% a desired patient
4. The system of Claim 1, further comprising at least one local position

e 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 to
the controller indicative of the position of the at least one of the gantry and patient
positioner.

5. The system of Claim 1, wherein the system further comprises a patient
imaging system which obtains an image of the patient and determines the relative location
of a patient target isocenter with respect to the nozzle.

6. The system of Claim 5, wherein the system positions the patient in an initial

position and, after imaging the patient, determines a correction vector and provides control
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pose with respect to the nozzle. 7. The system of

Claimb5, wherein the patient inmaging system conprises
w@rtoos®ss84 one radi ographic inmager. 8. The systeoT/082004/026079

Caim?7, wherein the patient imging system conprises

at | east one x-ray source and at |east one solid state

sighuls@Y mdVRARE patfent pDALSHS bBIHRS pdkedi idet isob@R&iiftol 1@esired patient
patient inmaging systemis novable in and out of the

pobfewrthaeapsct ta the rizglesy st em of Claim5, wherein the

fp ?gi “mul tﬂ%g %g} §’Eg§a(1}nv egrgnlr@]? gjeéplgcf 11%a§?ngp gysjcem comprises at

1eé§§5ﬁﬂguf¢%§dpg{blg{aggﬂ’]e target isocenter. 11. The system
Caiml, wherein obtaining position neasurenments

and Sor ovuT:hm@'stehe op 684iti bnwhqemoﬁhrsrmltle@tl resing sxstepheomprises at

tient 03|t|oe iteratively. 12. The
e ol s A s ePErol T AgS PRl
i nt ey connpggd é%@tehpof 0Rib ) tWdersiR (RS pﬁtﬁbnb@mﬁ%ﬁ@ |sYs1§ihQs movable in
about a gantry isocenter. 13. The systemof Caim1l

anvifoet ef the bhemsyist em det er mi nes an orl ent ation and
p05|t|onﬂ|ffe enc ect.or . meas |naf1rs

r'ef er ehEeSBWM {le'?'l, Wéﬁere%ﬁ Lﬁaé% naglie: 4 stem glgtains images

oft thaNskiehtMErokd ?mﬂhﬁlfa eRPERIVE TbO imdrBtRecdde H&@ﬁﬁm@t&ﬁl of the target
correction vector in a second frane of reference to

isquesiet.i on the patient i n the desired pose with respect

toteb m axi, s 4 tem of . Cl.aim

the T 100 CoriEncal AT bn WEErbro e oo ios HEsGlnents and
prB@idfn%Vtﬁé ﬁ@sﬁ&ﬁﬁ% c&zﬁﬁ)l giaRA1E Yo fhs ?ﬁ@éﬂt PbsitidBor ifpdeirined ﬁteratlvely

posi tioning systemfor a radiation therapy system

havilty a Phasyatent 9f Ghine dnybereintthe nerele rivterrgbpestad tpghe gantry so

sitionin stem conprising: a
asgot(if’é?v ‘gpbﬁ)efa%é)ﬁfgg?%'y %gtﬁ ‘ement devices arranged to
obt aj3) posid LREMBASHIANEN kiheRin tHeesyRlet @dtértiin@f an orlentauon and
conponents so as to provi de | ocation infornation;

pasticab dffereatdee Nectalu pmsmre@ omf iag firs dfreme sop peterenge by the external

R ST B A2 TN d % GHEPOTF abTy pk ol S8 Fhe corection
Ve@ﬁ;r i@ Qtseddihd'ﬁgrﬁé & 18fetdndd & @sitﬁﬁ‘l@the ?ﬁtd:nf o @k ld@sﬂﬁ:ld PR¥EFith respect

and a controller receiving information fromthe
toghaibernd txisof ext ernal neasurenent devices and

DOV 191D LTER OIS L84 0% TOUREb cpopgor nduces
the W4k1E RPfevb G aBOSRIthd R GsceisEem
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 external measurement devices arranged to obtain position
measurements of the plurality of components so as to provide location information;
a movable patient support configured to support a patient substantially fixed
in position with respect to the patient support and controllably position the patient in
multiple translational and rotational axes; and
a controller receiving information from the plurality of external

measurement devices and providing movement commands to the movable patient
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conpensates for novenent of the plurality of

conponents. 16. The positioning systemof Caim 15,
wob@seist3al i gning the patient in the desired pPSEUS2004/026079

conprises aligning the patient support with respect to

a beam delivery aimng point through which the

r adisghp D 16 REEARYe PABERNNDA IREFR Bodeadict thean tRepBitidning system
The positioning systemof Caim16, further conprising
a pavimpapsaieseigemosgaemi Wi pdirabiytdicampereiifmge of the

pati.ent d a target iso-center erein the . . .

posi ©f oni Ty BLHURR éYsz‘?I?ri e(gla %é\ggéhg}eﬁl% r?tﬁgPll’tghtge patient in the
debidd IS RPESEL &1, hebhte stpBrityAkg Rk péct & 8 Be@h dblitvdly aimin

et]he(glg({esg% dgl I ver ygng{gﬁkilng pol %tlﬂ) 18. Thep_pqsi tioning ity aiming
posytstrenglohdhaheratiftiontlesraiyrsysteml drests agndiabén bepan.

conponent.s subj.ect to novenent. i s _actj.vel . L

contly' ol | aﬁ} P AP R P& A _t‘)ggaﬁ%‘% ﬁ?i g%h’r?b C§Wf1§1€?\g a _patlent 1mager
syRERV &S Bb{aBRARACiknaod NGt HRN pht@end! 4ndNa t AP Ebd-8&terl Nwherein the

the desired pose by providing control signals to _
popii®ntngaystemedeatrniieaghe posticueefi the tayga dsot-eapktdrabil @ligus the target iso-

conponent. 19. The positianjng systemof C aim 15,
Cef‘????’ﬁtgrtﬂ%h??ﬁ? felivegy %}T}jlﬂ%]f?(?l{l”y of markers fixed to
sel egf ed p wsﬁidi’lfil%§ %ﬁtdeﬂi & @hink Y5 0fhdrB@ o QHBOGRNThe components

subj ect to novenen wherein the external .
subpasioreoement &vidieslyoiottd ebiosid Wreinghs neghemag sysfem provides a

kers. 20. T iti i . f d ai 19 i
R B R o e &R BRTER “haRURBHLRY caey PedeThgpdrip! signals to

pRARInthOR 1BRRASHE SRR ScoRfroRabié &GhSorRI ker so as to
provide a nore accurate measurenent of the single

mar KeL' s Tlox absitinningasysismo ol dddinbyl Sa feitheyl eorsptisnmal plurality of
asur enent devijce.,6 21.. A.net.ho f reqgisterin nd
e P el e BiOT s DGl DU 0 gt syPie R pvement and

wBMSTh GRS BaVindOmBadikdthatt idE\Mcé_%be%@x'F?@ﬁ@@ﬁ MeSMbdrR&Gtts $Ohe markers.
novenent, the nethod conprising the steps of:

posi10.oni Te pospariensysiem afiClaim 49 avhareioanyitple eptpseal measurement

Wi t h g contr.ol | abl e _gati ené posj{ti oner ; ex%}er nally ¢
depices GPIeHYPPHECT BIEATITHCHT 06 & FRBIEIHAES; 31 & (yPrpjide a more accurate
mPAMFRhdnk Yo PTh& OdRORE Rlafierd € IREMMN thEh Bl db@r BPCE single external

vector between thé observed initial patient pose and a
mdessianesht daticent pose; and provi di ng novenent conmands

L2, BE P2, SR 8550 bR LT 9P o rcpy
whhef eyBeRXHatiRg! A Yp1iRaSM bf NYnid8elt®GRbjeen t&f mbfinent, the method
comprising the steps of:

positioning a patient in an initial treatment pose with a controllable patieﬁt
positioner;

externally measuring the location of selected points of the plurality of
components;

determining a difference vector between the observed initial patient pose and
a desired patient pose; and

providing movement commands to the patient positioner to bring the patient

to the desired patient pose.
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sel ected points of the plurality of conponents
conprises enploying a plurality of caneras to obtain
wopiosoad734 mages of the plurality of conponent SPCRBS2000e26079
nmet hod of Claim 21, wherein the difference vector is
determined in a first reference frame and wherein
pr ov2li ngThé@refiRdeseOlairg QIMBAES CORTRhbIEe Sichfidii$f BE MdAdon of the
the difference vector in the first reference frame
sqloptest pripls Of dagplHERlRY OhpuEPRNSRts\COBBISCS YRPIOHBE el lpeatity of cameras

LI oner - i 0 : ce frame. 24. The nethod

toﬁ@ﬁ%ﬁgﬁ%@agﬁ%egé) ? ﬁ%rﬁgrgh‘g{oﬁésﬁlgg?%néést ep of obtaining

a ragh.ogr aphhethodegeCRim e whaicihie e dffereded €60 MisNBtermined in a

the difference vector based at |east partially on the .
firsht Tedencendigare 284 whereiret imoddore dhaii me'ganeniheemmands comprises

el L.ographi.c .i e, Conpri t eps .

BT Tl Wbl FEAR0E (OB RS Bl TG £ ormesponding
mgeasédveytoalRnigs patiehes@Rionbeian s2¥d&l 1ofdrénhct anat i ent

I nt er posed t her ebet ween; exposing the patient and the

X- 1 a%ﬁi mage? method e Llaimy2bolirter wwmpriseMpthiengtephel obtaining a

. 0 | 0 : a :

iR Un e B o RS bt APl B BBRE S basea at tcas
partieldy et phaitlinhye.wherei n the radi ati on treat ment

facility has a plurality of conponents that includes a

sour 2 of Tharmptapésofafdaim Pdz Zvkereinoabiahiieg theeradiographic image

| s.arecemtted, wherein the nozzle is novable

Cc@m%%se%}%ﬁée tS%if'o the patient to facilitate delivery of

the parti §d>s@t$oﬁi% an &elagGbede h8@iaark-piy thgePgédelly Mbds a therapy

a plurality of different paths, the positioning system

conpbsast args wathdhe patipnt poapesed harchehEeen; ecei ves t he

pati ent ' ' 0Si 1] i i le. s

e Vo or | oSl SRl htThe RIS IMGRE Vs KRHATHEed B,

facilitat enteing/idex-1af stiree falitiagéeforh hd therape begh agis.

region of the patient; a nonitoring systemthat images

at | 3&st OriRostompgneistenpfor upe withd @mdiagan tiearand fcility wherein the

facili . g . Cp '
ool ickoicde Ry Bt Y o) B BRLb DAL bUBRE o surce of parictes
andragRzls dr@atihieh dhe phagiclRs iagnb@itiedN whikrdih @hcdhodAA st movable with

one conponent vvith.res(ge_ct to the patient prior to _
respecatnribgtratigi do dacalifaterdsilivery of dip Raagleciorn sedtoseddieBiop e yhe patient

f J.C t pat.i - rei rol system
BRSSP AR SO URE L HigeRERE T o
per f or meda phiikert pogtiahs thdl¢tdetlich thedpAtiest wededrthe phtdnk @bsitioner is

of the at |east one conponent when the
movable so as to orient the patient with respect to the nozzle to facilitate delivery of
the particles in the selected region of the patient;

a monitoring system that images at least one component of the radiation
treatment facility in proximity to the patient positioner, wherein the monitoring
system develops a treatment image indicative of the orientation of the at least one
component with respect to the patient prior to treatment; and

a control system that controls delivery of particles to the patient wherein the
control system receives signals indicative of the treatment to be performed, the

signals including a desired orientation of the at least one component when the

particles are to be delivered to the patient, wherein the control system further
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particles are to be delivered to the patient, wherein

the control system furtherreceives the treatnent inage
wan@sisg3cont rol system eval uat es t he treat menPCT/Iaze4/026079

to determ ne an actual orientation of the at |east one

conponent prior to treatnment and wherein the contro

SY st;g¢Bi¢R Th@ tréStnfehtinddle Ul tRE totFA sy @PmWvalb®s ke tré@fent image

one conponent prior to treatnment to the desired

or i éntdateioimect achial aticnteiernt obihe at deasopemeoraprient priginie treatment

actual, orientatio oes not neet r.e-.det erm ne

o o e g B Al SRR omtiri (B G EELAT the ot ast one
or i ehffoheit, plitie t& adabBbnt Si6S HIRMARERMS oBie@BAS dfotHeh@t least one
patient positioner to nove the patient positioner such

t hatconipenemtang) if g astad oiiomaher doasingt Blopt & prerdxdpronuksl criteria for

to the desi.red aorigntation durin el ivery the, .
par carapnas . LT R otk S ot B Hige ssnats o e
pat i RRkntPRStdneN e nERRPhE SRGentBpdRaidnenbudhl #at ti@Nactual orientation
device for maintaining the portion of the patient to

be tmemtcéapelyrromrespopds tnthe dedisediommnlstipe deingdalaeivon the particles.

W t espect to t at Lent. fi.xation device: and a.
moverent | TECHART BT st Rl e et fices

devi ce fof pamuk Fatibe dedict g8 nfaint@hin@nthd PorGeh oh the patient to be
response to signals fromthe control systemto thereby a

noveireated prapisohstantindly immobile paienigtipe it fegpect Frathenimtient fixation
cIo§§%¥ ponfesponds to the desired orientation during
del i V&I 8t particles. 28. The systemof O aim 27,

wher ei n theoRahb@thedHaydhl SdipliRVioCiBe @RIt fH&SioA device for moving
patient pod in which the patient is positioned so as

t o bibe peticit fizdtiomdevisuinseanonsatol Jerainibom tee epnteh srti¢mrio thereby
with respect .to th gatient
P

) . .Th f
a ai BP%S ax%aglregf iy %Wé I%%ﬁ%%% ﬁl&aﬁ-qnoeresagée? mcgrresgonds to the

i'sm’conpti ses

r0bO&esﬁééSHQité!:ioﬁhtdtﬁi@ngl@li{J&%/bhﬁarﬁ@lteé.ent pod that allows
for transl ational and rotati onal- novenent of the

patiZht pBek systram of Kleim 871 Whgsmatheabagisnt Bgatiophdevice comprises a

ysitem of al m26, .wherein.the.npnitorin te .
LB 8 ThE R b Ae T b O AN p substaciny
iMd8E RSortdhetish wigasipeen® tkopRRAeHId. of the radiation

treatnment facility to determ ne the actual orientation

of t2 at Theastenowé (ewmpdRemheredl theheveypettanpdRnicafemprises a

0, wherein the at |east. ane j i deyvice conprise .
roRoTPRIERPTY Ao APt Pt LG POV <A ARGl gra rotationa
mbi&ndit of 8RSIatiONG 0 ABBANERE ofthogdial a4l ation treat ment

facility wherein the plurality of cameras are |ocated
so a30.t o Bee sytstem pb Clrameqriviwrain shcampnidoring $ystenacempprises at least
gct to t

0183]; élﬁ%gjgggllelviggéh%tg%%ugl?ynﬁgang%gtth\eNi att Hegs%so%e componeltf]ltr SF the radiation
treatment facility to determine the actual orientation of the at least one component.

31.  The system of Claim 30, wherein the at least one imaging device comprises
a plurality of cameras that capture visual images of the at least one component of the
radiation treatment facility wherein the plurality of cameras are located so as to be able to
determine the actual orientation of the at least one component with respect to three
orthogonal planes.

32.  The system of Claim 31, wherein the plurality of cameras capture visual

images of the at least one component such that a three dimensional location of a monument
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32. The systemof Caim 31, wherein the plurality of

caneras capture visual images of the at | east one
weoeoponat such that a three dinmensional | ocatPOTVUS1008026079

nonunent associ ated with the at | east one conponent can

be resolved to determne the actual orientation of the

ass%arxtlteﬁ astn A€ of ABRPHRAL (lzon%)mleﬁﬂq BarS Yol REDIGEd @ aldfrddne the actual

er conprising at |least one external narker
orictdtaahddhd @ l¢deomt congmatntone conponent wherein the at

| east one external rker. conprises the nunent
assdti at €8e Frstem t%e&g’tm I38'a§‘fﬂr{%ﬁ éog’d?ﬁlﬁl&ﬁeagﬁ?asg%pe Ffigrmal marker

attaohSd B2 ar Fadl MeABmpMRELH Sl il h &R MA@ OB @xfYif @rker comprises
I'mages a plurality gf component's, 1 ncluding the

the Me@@Ingnt agsdcibfed wiibrthe o lesy shecorapngst s t he pati ent
positioner such t the plurali of .. conponents are .
wi t Afn t e sysks of %1%2%rvvlfeé?l}léﬁ%fﬂ%ll%%ﬂ@ibﬁfega Imdges a phurality
of chrhfcmeﬁ{s' M iudiny th%_ri‘ﬁzﬁ&sﬁﬁr@h@fcmgr@l' FstéBy adMMed BlerpakiBt positioner
control Systemdefines a set point of reference within
such fhiaetid pliratiteof obmpéwenimiet withingths ywe-eeteeted criteria of the desired
determ nes the actual orientation and the desired
origipEit ati on with respect to the set point of

refg F'en_cq\he %sstelﬁ_ he @S 88) RherbindhBcBRrolMySteRl Beflld€ a set point of

nmonitoring systemfurther 1 nages the patient )

refpeatd indthén aafieldt bt veenbf dhe systiemng exyeiewe end jdgigamines the actual
dindicative of the orientation of the pati.ent..

oripeisin GHLRe Shrd SEenEBs B B ERErLo O FEPRRTY el e

act ual ang, %g&éxﬁlﬁog Qhinf @S,a\kh&%nqlﬁe WMitefing SR8dm Fieher images the

component . syst em of ai m 26, wherein the ,
pai@nipositiossrshé thd enadhpieth teoeiveraineds isidigadayesofithe arienfation of the

radiation treatnment facility indicative of the . . .
oo o AL LSl Bl 31 600 it orietation o

themgqga%{ Qng&q.ﬂ%%ﬁtrol systemutilizes these signals to

determne the actual and desired orientation of the at .
| easyy. oneTteosysement CladR.26A whadiiatheoeontiod sygiym de bilapged, to recetve

~system having fixed and vabl 0 ents, th st em
sl g@@]ﬁfmrg itlpf‘gr:adah@% meatyn,eng faggfty é‘?‘fﬁc‘%‘(‘fg%g gﬁz‘f 1}1&&&;) W tog Yie components
Withg LH;%@G s%stf%}x?tahg Rl hesD 3HABS A | sYstb RIS tisé Bighes R Wetermine the
0 the patient pod; p

a pati ent posi t1 oner
actuat siconiec bigchtitont dfehatieanonpoenmaeslis t o position

the patient pod along rmulti Ietrargjl.atio al

r ot a8 dniriiaton shernyeH Ve SY %l}ay’m ixed 4 rp%%%?%%cgl%%o&lents, the

Sy%r}g Zéo‘?n 1,{g{n%(co_nne_ct ed to the gantry and sel ept!vel y
el'ivering-radi ati on therapy al ong a beam axi s;

a gantry;

a patient pod configured to secure a patient substantially immobile with
respect to the patient pod,;

a patient positioner interconnected to the patient pod so as to position the
patient pod along multiple translational and rotational axes within the gantry;

a radiation therapy nozzle intercormected to the gantry and selectively
delivering radiation therapy along a beam axis;

a plurality of external measurement devices which obtain position

measurements of at least the patient pod and nozzle; and
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a plurality of external neasurenent devices which
obtai n position neasurenents of at |east the patient
weoaasang3mozzl e; anda controll er which recei veBCThS2004/026079
position neasurenents of at |east the patient pod and
nozzl e and determ nes novenent conmands to position
the pati gbnttdlleRwhREl re@AvRABE pWditith feseaherdtoof ftdedye dia patient
axi s and correspondi ng novenent trajectories of the . .
pat pehendodzalé ehd delspeioes e vVenkal camRayisdaPaFsipaphe patient in a
conmponents of . the therapy deliver . :
CheR R aRER bR OBl 3 SRS R 2 HRA rajectorcs
col b sheOPaticht ipddi width @ekpbar tof berPkedRAl aovabindsmanitents of the
i nhibits novenent if a collision would be indicated. ,
39. tibhepysyselivery eystan diaseBapontibe enpveanrat cpperigdp and determines
measur enent devi ces..obt ai.n tical | .
{ hoVBatFEhEoBA" S Rasary b sEPari RS EL ol iR movement
nMeasty &ABHLS wokd-be BcA¥et em of O aim 38, further

conprising a plurality of markers fixed to at |east . .
t he 3patliee Aystqpochfa@ldin 6Bz [vehaipiar thp rexigieal aeaspipgpent devices obtain

nmeasur enent deyi.ces, .obt ai.n L3 on
ovitib iR gn at g SRR d P & PR e PR Slourements.
compi BhdPystn bEEIHMONE fhek&! copgsisingon pledith af knatears dixed to at
I n operative comuni cation wth at |east one of th% . ..
leagiath pptiamadaini ewrzlp odierin Her exitrarlanepspisaient dgvaces ol position
| ocal gosi@ion &eedback devi ce provi des position data
measERghs 9h P8P Si ndi cative of the position of the at
| easfy onerifRf syeh 8aMIAY 389 fipdicr edimPRBigt holeast. odk2 local position
The system of Claim 38, further conprising a patient )
feddivagi dgvisy &t eperalivecermmumestts withratdeashenp ok e grdry gnd patient
ohtai n an . e of the . patie - 45
poiBp e e turib ot 1Rt ERlo REGPRE Bl BV RES Freion data o
thd 3Eh@SNLNnRRANADE tH gbftion toTeths yagtlean dekesfiritregartidyeand patient
relative location of a patient target isocenter with
positispect to the nozzle. 43. The system of C aim 42,

wher ei n, t he sys .posd ti opns the patient..in: C
posi"tezi- %He SHEEm @ t%ggf‘lﬁli % é‘ll.uﬁgm tcr%npb%ﬁ}geanﬁ%uegg%lg%%ﬁ%%}é{%& which is
Emtd AR BBkt Blis ANEht&ArmEsREBdif fig: paeanart owafitantisam axis to

|
and trajectories to nove the patient positioner and
refive patosent oft the getagingoneisne to ithi sdiatipashqary apdsdieyiip fhe system

de%ﬁ(igﬁlg%%% ?eéairﬂ’g ﬁ%c% 1112211%11 S%fila {)]agie?%v g@g%st%é?litggwigg%?ﬁg%? {oonthle élOZZle.

i ndi gated.syddm oFamy 4L ewhekinahaisyrtad, poshieneitiie patient in an initial
obtai ni ng position nmeasurenments and providing the .
pasiiicament, afemmagits the neHentpdetcamines s SPEFHIREr vCwr fBf fgrresponding

ned iterativ ste

ly.,45. Th f i . i )
SR E o S 0 P S g B 6 B

isocenter into a desired pose with respect to the mozzle and evaluates the movement

m

trajectories and inhibits movement if a collision is indicated.

44, The system of Claim 38, wherein obtaining position measurements and
providing the movement commands to the patient positioner is performed iteratively.

45. The system of Claim 38, wherein the nozzle is interconnected to the gantry so as
to be revolvable about a gantry isocenter.

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
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to be revolvabl e about a gantry isocenter. 46. The

system of O aim45, wherein the system determ nes
WowsesT84 conmands for both the patient positiPORUSENH026079

the gantry to position the patient in a desired pose

wi t hrespect to the beam axis and correspondi ng

mepeetirenthet beajre etio e Sowedponding pRctenicmt GlahRtorfeh %Eith fRfect to other
fm)vabl e corggqcinent s of the therapy delivery system and .
1478 4 rrePyRbl eorpagneats of e theranyedelivespwsicin ald ths ety and patient

BRRnEN PR eLdy whet her a :
IJg’ol I insi orﬁﬂﬁ%sl%i gllg aggctpe ?gk?e ?{%5 ge%tga{llteéroe@r# glidos nmn%n%egtelélﬁaes whether 2
doﬁmicblhtssindmuedefbi tlicelf mavé.‘rﬁd:ﬂtic\‘lbﬁﬁﬂan&@ lialnﬁ ihgibita dhs@bRe: if a collision
47. The system o ai m 46, erein the system
HHLPHEShe novenent commands and cor respondi ng
traj egt @l i apeo v the patient

positi onér e%ﬁgﬂ{yé%t %@o%n@g%gle%g%g&g%? .dgfgealﬁﬁngls thlﬂgnmovement
cofunands desl cedesposding 4fhjectditess jat SMuliinddudi Mbddnent of the patient
wherein the external measurenent devices al so nonitor
Peg{1oB; Wdiganiry & inprggsesheet ofiasauigision ofihealesinlmasent

traj egt ol d . Fnhibit ' i l1ision wth.

such by cer g P ot T o5 A b, ARECdaBlraa bvices ato

nowlitor sioorbeet tan aeaysystethef dttednihadlinddveaitnt HAjedRYies and inhibits
Sést em havi {]g fi xed and novabl e conponents and

MRt PYEFS) e P8 sPeoRictta i ladirgad-t her apy beam al ong

a be [ : lati ant ng rel Si NGO

o o, B gl SRR TGRS} My gy s

hebingifixedeail th@nbleeasipoasmntsd sfledtivelyCdsipament sadifioastherapy beam
o provide.location information; a novable patient

ARSI LR UR SH O S BBr O PTISEE ent  subst anti al |y
H gt . o -
(1511 BOPLEIRD oM b SRRl b0t Rl LD BRPRbbain postion

t r anshativenehtsai therbibhemnako axeproddélcraenhf@inagsn;
receiving position jnformation fromthe plurality of
ext er nal  FEBRYRCERAENRIPP RIS SORGRIT R B\uEPeTy 2 pBtientshbstantially fixed

comengssiki .| - .
aut onay P fRE TR Belbi B o PR o Blapy et gpe parient in
det emmiltiplegraasladrab s@bivehtidvgalnesmaat envel ope wherein

the controll er evaluates the novenent envel ope and

i nhi bits RoSATHOREr Bcelving pesitiem infeupaiiont frpm the plurality of external

L N L Ty -

of Chapparl® auheraeicallyablignilitg phtiert fatd @BdireiNpdsBeand determining a
desired pose conprises aligning the patient support
wi t h SPEEperding gneyersaherielapg ey eran ihe goesiller evdinasesythe movement

‘t’)w;;?n@n‘%1&36r A iﬂltiiibﬁglmtobgrﬁg}&%f %lyesﬁa%@ltdsiugosgﬁ fr aacorll?s%naltsih?&cated else
initiates the movement.

50. The path planning and collision avoidance system of Claim 49, wherein aligning
the patient in the desired pose comprises aligning the patient support with respect to a beam
delivery aiming pbint 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
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51. The path planning and collision avoi dance system
of Caim49, further conprising a patient inager
wayssemshi ch i s novable into and out of the bremMUsS2008026079
so as to obtain an i mage of the patient and a target
i so-center, wherein the path planning andcollision
cofM¥RhIRBEBNSY Sis&R qg&t%iﬁ{ﬁ@ﬁﬁ)vglﬁgﬁ' tont m&ﬁl@'%ﬂ‘i&g&%}ies for both the
trajectories for both the patient imger and the
pafpeait ireager sud ferjatiandsuppdrt lid ishivity erenment if a celbisionss mdicated.
is indicated. 52. The path planning and col lisian.
avoiSaaF%% Eaaété?ﬁ%‘?g @IHSi ?ﬁqhgf’nf"f}’f’f FC UM §?n§ﬁ5n 49, further
co HEi?l‘lg> !atﬂulgiit K EkSs Feh LRl RRitedr MRS of ik€eomponents
plurafity of "the conponents subject to novenent and
subjp@r & mdvemenk tagd n@heraidather exteni] ceasswresienbtlavines obtain position

position measur?msnts of the markers. 53. The path
MeISWRACAE 04 MRF BEIEISsi on avoi dance system of O ai m 52,
whersgi i dheh iRl ki AR L REL RIS 9B bAdRein multipl
posisfgi *glrll a?ﬁngggﬁﬂhgco?lsgﬂgi ngl e rrarl?er SO laé to . Pt
exol imlensarement devicasr giten peakion enesstirepfentshal’ & isimgleemarker so as to
mar ker's | ocation than proyi.ded a Si e external .
PrOFESR A rasFEACC YRR I@é%sma?me%frﬂéﬂﬁa%% 134 ffr%gio #pn than provided by a
sfpfd LShonueyaidanggeayst em of A aim 49, wherein the
ernal” nmeasur enen evices also nonitor for objects
t hats4raye gatteplanhieg deitl edoiti sied anadare tystemape Clomi 4% wherein the
and wherein the controller jnhibits notion if a .
exiesnali BPARIah dSYIRS GBPeRPRtes TR Shpsgay ML (h gletermined
m(?\ﬁen{eﬁlg 'tr%%@foﬁi@g ﬁﬁ({]g/h&%ﬁl' thi PO tRAIcR i PabitsERbt SR af8 LbBION with such
of erapy with a system having fixed and at |east one
objaveaiblislicaaponents, the method conprising the steps
of : positioning a.patient in . an. initial treat.nent .pose .
i 1% Ae@ﬁmosﬂ%afﬁl i FROsHwi g HRent RGP g ety with a
sy&%@ﬁﬁr\/i 14 diGinld ¢ ?etathﬂ)]e %ov%ﬁlleec%fr%gnﬁﬁé M Smethol REmbii%a# the steps
and ‘at Ieast one novabl e conmponents; determ ning a
ofdi fference vector between the observed initial patient
q desi . : L .
Cor  eaporkhHH LA GoHdHAS B SH RSTE e controllable paient
trajlgoggtg)rl%r.for the patient positioner to bring the
pati‘ent to’the desired patient pose; and conparing the
nmovenent éxtaielty aeysuning bhe loeativmasfipekedtel poatts ohthedixetlland at least

sel ected points of the fixed and at |east one novable
conpIRERPERDELCAURPAEShhi bit novenent of the pati ent

pPOSi ti onegehinifingQl difrSbRR VeStok BEkeRA B observed initial patient pose and

a desired patient pose;

determining corresponding movement commands and a movement trajectory
for the patient positioner to bring the patient to the desired patient pose; and
comparing the movement trajectory with the measured locations of the
selected points of the fixed and at least one movable components so as to inhibit
movement of the patient positioner if a collision is indicated. |
56. The method of Claim 55, wherein externally measuring the location of the
selected points of the fixed and at least one movable components comprises employing a

plurality of cameras to obtain optical images of the components.
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56. The nethod of C aim55, wherein externally
nmeasuring the location of the selected points of the

wo poosadigmBd at | east one novabl e conponents coOnpCT/E8804/026079
enploying a plurality of caneras to obtain optical
I mages of the conponents.57. The nmet hod of C ai m 55,
wher e Thbendhdd ef €nge sethereid hedeffaenedidris detbihitbd in a first
reference frame and wherein determ ning the novenent
refshTRSA demeqg Y hesain detsHsingethe grov HacRl comenands compysesrtransforming
i il [  fr i.nta correspondi n
hgbiEerlck B B (B HGiReleLATE fiablodn®, o Pl SRR, Pucrmppy vector for
thepstictin pesifisiesien a b&ond Rerddcedn®f C ai m 55, further
conprising the step of obtaining a radiographic inmge '
of t e pheimatodaid laiat &F. iimhe gompesiae thevtemekobjainingra radiographic

NI st TS

panegenzgapri ses the steps of: positioning at |east one

X-ray source and at | east one x-ray imager such that .

t he pxt ilbatmetiod pf Elays e Missin petaikies theandiogtapbisi imgge comprises
tfn??tle atsent and the at |east one x-ray inmager via the

a ast x-ray source. 60. The nethod of C aim 59

further copgitloninydit 16b6t ek -rdl S &Omdes PHRCbIIx-ray imager such that
novenent conmands and novenent trajectories for both

t he phe pelint gosterpasedihershatwere ad | east one x-ray

source and_j r..and co ri t he nmovenent .

trajectori eeygg '3%9? e %agleﬂé%{éﬁ S&P ?egéta(fl}eo’%ayolfmtgﬁreVla the at least x-ray
sel ecdoattepoi nts of the fixed and at | east one novabl e
conponents_and between the patient positioner and the

at | st oﬂéelaaeflhaQ/OEGL@mé9aﬁglahqrﬁa@@ﬂs1§sr as to inhibit
Teverrent Bl b5k ealink B EAEE gl 15y FRABREh o
one Xfof BythshepaRnepuhitihet fisthe aeaX oh@X-rhy&@€¢e and imager; and
substantially along a treatnent axis. 62. A systemfor

del i veri ngcqawmgifg% mayspapl trijsctaripy avifiethecinespured locations of the

| ocaty it Rl | ent e stem rising. a
SRR R R By 6PV, LA beven e
posi tpadiesr peditortr NAE 2he at 126t 6y kaly fsulitcBaidCiaimget 86 A8 to inhibit
an external nonitoring systemthat nonitors the
physiBayemess it 4 epdlissgn shediptetal ity of novabl e

conpaonent rQvi skgn i ndi catjve thereof an
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Si gna@s 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 and a nozzle, the system further comprising an external monitoring system that
monitors the physical location of the plurality of movable components and provides signals
indicative thereof and wherein the system further includes internal 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.
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i ndicative thereof and wherein the systemnonitors the
signals fromthe external and internal nonitoring
conponents if the signals indicate that a collision of
components is likely to occur._ 63. The system of
d ai g362, THREKQER Ne1.6% @ RAle dRhE Qfdeﬂgi]l ?ﬂo?ﬁt%ﬁhﬁ system images
i mages distinctive nonunments of ‘the novabl e conpo ents
distnetorithorunidngs of thhyevadé coropatentio nfhitod heirgphstieshledation.
d aim 63, erein the.no nt onpri se markers
at t Iag]ﬁed {Fgg §§%@EP% gﬁ?apggﬁggw er@fsn {%ﬁ gnpqwl jsgomprise markers attached
(FQIRAAEBERns BPthe IR B¥ ARV @i m 63, wherein the
external "nonitoring systemconprises a plurality of
canmepas whihe syssérh aif Clomt 63 atherdin gesexoémblhaommralyl system comprises
c onents. 66. The system of C aim 62, erein the
28 n@ftﬁa CHBRE ngg?bga;}%?@rﬁa 1%e%ﬁﬁl?é?%vv$]8rcopﬁ’9?ﬂ§$-on
of 1862l 9Mneligeld of QR o SRR dnt | A¥&halPALind Bstem also
movabl e conponents and i nhibits novenent If a
nmooftbiss fopnintresipndifcttragh objkctsTheo sy ptedintal @i pat®2f the movable
wherein the internal nonjtorjng system conprise .
COBRYIES A ilﬂhlgﬁ%}n%%ﬂl% é‘%ﬁﬁﬁﬂl%gﬁ‘ i%‘HéWtF t he novi ng
conpgnent 1,8 Qyastd @ARY b8 ewhaber Bt | i
t he nmeasured f\;ospti o(%l %¥ t’ﬁvglﬁ%va I ehtgglﬁ%)glr@&tblggg (%‘%.tem comprise
refhlyessy 8t @pebleCeanmubitatiovhevith the hevires cbmposentOBPriasse provide
.%otaré aggLe eqioders. 69. The s sten1qf Cl ai m 62,
QRO TEIG P fos'h greasysed PesHoN dRdlerofMhle FoBRnEts  at
I easgg.oneﬁhga%@t 2 Pgt, ent red, L e kan
positioner an v?ﬁ{epei an% gdq/éy@'tljaggnﬁe\}lgl heg%ﬁgsx]gt %@ﬂ%ﬂtisg fotary angle
ehadsts. one patient i nmage and provides control signals

to induce_at |east .gpe of_the patient, positioner and_, )
t he ﬁgm abe svsigv et hiltm O dpdher coBIPESHE opatRt Ippger Which obtains

ORIt Y8 iRafe ST & Ptiddt SAIJTRRYE LHARE 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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