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WO 2005/ 018734 PCT/ US2004/ 026079 PATI ENT POSI TI ONI NG
SYSTEM FOR RAD: ATI ON THERAPY SYSTEM Rel ated

Appl i cations This application clains the benefit of
WOR00Y0873Pr ovi si onal Application 5 No. 601492C8992004/026079
filed August 12, 2003 and U.S. Provisional Application

No. 60/579,095 filed June 10, 2004 both entitled
"Precision Patient Alignnment and Beam Therapy Systent

ande AUTENTPOSYTIONING $VGPERP FAERADTAION Tﬁﬁmuﬁ% SYSTEM
herein by reference. Background of the Invention 1

Field of the Invention The invention relates to the

field of radiati on ther &g '

atery Apaivaticns
parti arly. t.0 a _patient posi.tiopi I ghiment ..
syst e(rfhiﬂcS er é]iwr?hgl}r‘o%lgﬁl%ﬁﬁg B?n iSE {ﬂgc Ietﬂg'ea]%ﬂ%smna Application
N5t 60/094,69%E AR RIRBE 15 Y08 BraNd sl @e)isifest i AdpPBari
f eedback. Enbodi nents of the inventi cl)sri prod\?i de " No. 60/579,095
fileg Fone 40,2906 baibyenttledRreasion Pegéms thligninent andBeam Therapy System”

[ L QRj Furth [ .s..1 te f
B0 B0y bl T P BB Feb T h SR R e
novenent tol erances and non-strictly rigid

structures. Additi onqgacﬁggg&q& gptﬂgﬁivgﬁ@ﬂ de active path

)l anni ng and col lision ilitate

wmnt and i nproved safety. Description of
systens are known

t he LFjiglated Art 20Rai§ltionth,er_ap ]
and uSEIRYHUGR sptatiorthe Seldeiradigtionirehy syssems ®diagreparticularly

200 AT el idrin 5 | afl b# which i
SR bl SRR 5, B0 BHASIARARG b which it an
cyieuiss imenwehssiystemuald lasal gasitien Fusibhils FighodAnents of the invention

det.&rm’ ned quantity of high- energy el ectromagnetic ]
PP BT Vet AIKHHCY 08 2SS s Faion; A8 hosifieningy dirtber embodiments
ch ; Ny :
pRpSheaforo RS Ehiitht iy Mol bl A3 ief Bt tolerances
andnegetr Ry trigidissicted. Additieail dnybddiBauepioRide uetiverhite Blanning and
t.he, radlétl on ?as_ses on its path to the undesired
colfision @voidarnedn facHista plficinnt movame dnd émproyed safeiyl ar | y

ef ficacious treatnment for a variety of conditions. In

-t her itively charged proton subatom c
DEScRHd O?ﬁle lated !erat ed, collimted i_nto atightly
f oc uRediabed Mer Cyhiefu® Cir€ dnbWeddSuRd 46 Sireat ela lnt to patients
s

target region wthin the patient. Protons exhibit les
suibring # widie ypuiet b ponditinnsi Maditionithdnapypiatypicaily msaktodsill or inhibit
| ow nmass, el eciron .

_ th% %ggwﬁll gf;l%{(@%%% etséﬁgl aﬁ d#act:zinggmgsr fissne. A ﬁgtemunec{ Eiuantlty of high-

rged
energy electromagnetic radiation and/or high-energy particles is directed into the undesired

tissue with the goal of damaging the undesired tissue while reducing unintentional damage
to desired or healthy tissue through which the radiation passes on its path to the 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 imi)act 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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thus be nore preC|ser ai med and delivered along a

beam axis. Al s0,: upon inpact with -1 WO 200,5/ 018734

PCT/ US2004/ 02607‘9 patient tissue, the accelerated
wPResMs73pass through the proxi mal tissue wit BPCT/US2004/026079

relatively low energy transfer and then exhibit a

ik

R Rl L B AU pREAL pHOCh P Rnlnd bOTEN BHe witt olatively low

aergeiposid edd et kikhiba archbatier sloy/Brage peal wipeeie tarsagmﬁxmm portion of

depth range within the patient. This offers t

glpg%ﬁlnnﬁ'il% lgé{de%ﬁlﬁea&éce&ratﬁéda@sSngs geppsited é’rl;;lﬁ%fa dRlgtysly nparrow

t
{4 ASE PREEL L AL AL BN, PRI 4L R A abl Mepigeor i
aiﬂiveme oy enezxl fomf the zm‘céibmbdt bﬁj‘t@p)paﬂ’ﬁiebl toe hadthyetidsua@Sinterposed
to "downrange" tissue i ng beyond the desi gnated

hedwgen thedgediogir 5@41@? By peezle pﬁ@pr@m therapy Baclyne as well as to

i) Ar [ r er

RRGEANCS GRG0k BB6d 1L acOBtch Bier SELN ) Dnding on the
ihaeatidsplot l‘clqiairfmule@fpaﬁlduft eql ithdis ccblﬂhmﬁi tdeRV ey tof €lad ERRfdpeutic proton
10 fractions to achieve a total dose dellvered to the

bearg arayr Bigfestbliviplice pleee fisom g pbiraldy edfaflirectiopodiyraulgple treatment
I%aﬁ:h&ly O ggu?\%% [téatgll go%glffeﬁ‘yer& 3 lt’l?ao ;‘%]ltl %?%311 r\ﬁl‘iillearte!t"ll?cmg collateral

- ebqwsl@@bfmteqbtasad ﬂésﬁl\éﬂ/ﬁbﬂmyfn@ﬁueDOSI tioning and al i gnl ng
a patient with respect to a proton beamin nultip
or i enklus] dradiation theraps st Stigh g AdTRoP beB ﬁh@@hﬁﬁ% typically

B0 BEE APGeBHENAD REVTEARCY bRy 5 PALLE -0 tfon beam in

ure orma Cco

rﬁmﬂpﬁro’mmabﬁér ) In &@éitol ddtediiicd picfdrrea! a@’ﬁﬁigl’}ﬂmﬁrfor the proton beam
prescription stage fromwhich nultiple digitall
Withew i patietle the tmml@gwéwg h@m@) todighope acf@m@mﬁdrt@mography (CT)

R L IR T

rmwgrag&so gbRRE) $id Betdétgmefed! haehpabRRE synlekiail 'j}eéffds@ﬁﬁ the three
th scan in two di nensional views considered from

dhmeltﬁq@iab detai eepresentatiee 26 thedntemad Pweiologisel istrctuxe af the patient
t. | f the,t to b di at A desi.red .
B Ga BRCR bub 8 ) ABGlaR it PGBl it pEGp Effntations

ahd) BIRPANI BinéttbrPs RiRYdMgt Sf IRS SR8 e iHAGiateAPAAI ddsired target
|l ocation of the target isocenter can be referenced

lSMQIﬁerr@slpwndmg tpHysiisshotn which therapcisue be pfovides is designaied. The
di cat.ed th
o TR AT oot Ao i YorParat nit dpstt nphysiologice

sihDRIrRY theipaligst RARARALD dsHEGbPin BOLkK BRa! the
patlent such as a known x- ray |nage and this

r adi quoa p!hbseqmmm%ﬂéup Br delinzay efithe gadiategitbérepe d redibpraphie i image is
t c%ggﬂ?aan? nfh%lc as a %Sc?v%g ;—rtafl) mtlapcr% gw.eds tlh%r}g&zce)graltﬂ?ig gi’rnag&* 1s compared

or registered with the target image with respect to the designated target isocenter. The

patient’s position is adjusted to, as closely as possible or within a given tolerance, align the
target isocenter in a desired pose with respect to the radiation beam as indicated by the
physician’s prescription. 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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patient's position is adjusted to, as closely as

possible or sithin a given tol erance, allgn t he

target isocenter in a desired pose with'r spect to the
WQ 030186 beam as i ndi cated by the physici anpPeT/US2004/026079
prescription. The desired pgse i's frequently chosen as
that of the initial planning 30 or prescription scan.

PhOGFTFLS: 3t WHHPR @ppRgcatied @ﬁh@ﬁura@r of Hecemgat aff the patied with respect
LI [ 0

U455 Ly St BERERLT e e

wﬁlﬁkasEt&dled nragslbipdriali to doiMéMe WaLRd 8tBAred beam axis as well as in the

PCT/ US2004/ 026079 of other tissue, it will be
sppRck & dJOtSWatl talage ékﬁyp%llenfplﬂdhe desied gfos¢e frea patetiend aspect. In

ﬁért}&el%ré at%lggc&?onl ﬁ%’%‘aﬁ éa?%{rls d?}:%‘gg?ni gatlltupon the energy of the

dﬁﬁ*@ﬁﬂtp&btons’oeaﬁloasb@elp% kel @up@faid angtiatibR ¥&ltisyhd Brough which the
coincide with the delivered beamaxis as well as in

poamn passsy Bovilldegppaciatasisthel @rptatmnmfa*bepatr@t pbatitdhe target isocenter
' { at t, . .
é\’%ﬁ tﬁio EP rtleagslzpiff Ig '?:111%%9@?%;11?1 HI %Sglgt[.?} %ﬁ%\g d[eﬁt:?n@g caﬁstgg%ﬂgy of tissue

partic

beswemﬂﬁél ﬂeﬁﬂ lh@ha pRERnt iR BRE% %caftertlb@atecﬁﬁitmheﬂlsganem s body,
ti)roton beam as vveII as the depth and constitution

RseEng Hiegwgeiiaiionsipthhe  beam passes, it will be

appr eci a rgtati.on..of the  ent. about

Foroet Pt SR OB R ShRn chd ePBbhRa At irtfiien therapy
reg@mep tRSQIy iQinvaEmbied HiaRighnaRe of 0&atdd H@Jﬁ@ﬂéntosfesﬁérﬁsa'dﬁnmstered

between the initial inpact point and the target
avehe eptied of e sephvistdaily traabnenis administeresbayer a aa'yetah wesek period.

Y rat ond h, A further dif
TR SRR S SRS kg iPebtRL e Boltih pasfigning of e
phﬁﬁﬁ @Pthe de@ﬁédlﬁ{ﬁ‘setvhﬁﬂi &Qﬁdci'td e baRh §MBAIAHY ‘:‘ép@at%dlty detenmned and
plurality of separate treatnent sessi'ons adm nisftered
exsratednytipledimasfover speriodiddaysordesieksy t r eat ment s
adm tered over ver al vveek t he e
TheheAE R s PRiE S oo B R fomini i Bite positioning

al i gnment ™ of

Wil tespéet iBSihki ARial6n Afcatriét lappRdtdseNtA Pr s19 eﬁﬂeﬁﬁﬁwd patient
pose with respect to the beam is typically repeatedly

' fmféﬁm n% @eﬁ”ﬁmedehﬁ obtagngrrhdioghphit iimegesove theapatiani cad a current

are several difficultie

e
R afton BEHE St Braky doliensite, 8 camiiiring T oblpned image
Mtﬁ&]@éi‘ﬁﬂevkﬂsﬁ/h)%td‘ R PRR QI ¢ gﬁt?ﬁﬂﬁ%@ LyddPRNAEd &y mﬁ&ate the particular

previously mentioned, pati registration is
trepimemdrpresgription firathe patipnt. a disate apiknt viillidiges reuriovteﬂ end repositioned

at i.ent current 20 treatnment session at the
i wibingeg LgiAtgn thayay snpatalisallig EeFHPLFTIAg ‘o pgse of a patient
wRbAGR H};eékabﬂ?%‘peaﬁéﬁtﬂbn{ BRafenY b §J13f0 HRLAINP desHISR 19}5 to the exact

target image which is used to indicate the particular
position and pose with which the target image was generated, e.g., the orientation from
which the original CT scan generated the DRRs. Thus, cach freatment session/fraction
typically involves precisely maiching a subsequently obtained radiographic image with an

appropriate corresponding 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 fo construct and maintain
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treatnment prescription for the patient. As the patient

wi || have renoved and repositioned themsél'ves within

the radiation ‘tHerapy apparatus, the exact position
Wardosu8B4of a patient will not be exactly reffeHP8W04/026079

fromtreatment session to treatment session nor to the

V\étﬁ%te%%]g? gf ﬁl&tl‘h&gﬂag g{“ﬁ %&@P%tﬁ:?ng}%gd% £ g Wh]g ?i.ﬁd lﬂﬁaﬁ&cation for
Eﬁlatﬁﬂeljzahgﬂ'f/ salas] genenad e opbateDRRS malhals, theagpParatus. In addition,

treatment session/fraction typically involves
mdiagion éhteyamfamgm a§ @r@og ﬂwu@ mqrgﬂsmgg/ahmfound an effective treatment

fajﬁdl l%gety g? &@g?&dg%cgls @8‘? @}%atﬁ.g figég rﬁiﬁ% t6 ngcgc%ars? ég Oerﬁq ltﬁgughput both

tof & ﬁﬁ@fﬂe%ﬂ&ﬂabﬂﬁ?dﬁ%s heheHciaP &@étméﬁﬁﬁo%oie%alﬁ@ﬁﬂstm @8ed of the same
the patient in the desired |ocation and pose. 30 In

advrel] |aerredlt§11tgr1éler@dsw5nferthe anitento frp USutanem apmpanies paying for the

|ff|cult|es ent e eration
fragmpl g Spie R PRl B Boebl LB e Y e actua
Rk 1R radi’atfoﬁdio@é | e t]{el'![.%rn@i@ﬁs PRIRFIFpaSitibed s a relatively quick
expensi ve pi ece of medi cal equi pnrent to construct and

Prafass,aany additinpab GoScp 18 TetePATgres2004¢g0ess 0F@n Hhe ftherapy apparatus,

b f h I d
BT o8 BEh PTG B BT PR | gom, SR gipgll patient
thiRiRGH PR @{be&vangmﬁfgﬁwstse alStoBRbNRb e RSsterm,

apparat us. In addition,” radiation therapy, such as _
pr ot oh ftlear abfficulty witlc a@:asatqig Ipysitieting thopaitenaand the corresponding

Grroreis e Arecirosiiol oS b shh Folbebeam nozzle are the
r[g};ﬁh?ﬁnindt ANAAHGNRIEDREL B tho 8PP Snd YAtAPA I ¥ the various

his beneficial treatnent to nore patients in need
cofnpohents aneradiiondhéramssysedu dia gxarhpie,eﬂnd bcamtr@zzlo cahbe fitted to a

Bl i Bt S e SN St TS dp yobYe gt 2 ganty center to
ﬁﬁﬁfa?eo egeiltdn%ﬁrc}f RE QXdJQSJnSIF] eaf ibPE ahHF of a@%lésvﬁfﬂy r&@pect to the

e radi ation dose, once the patient 1s”propérly
patiaitt wdthewt, ré@dng ainabmﬁ&’cableq o1 clncorpyenierts sgosﬂmo;nmg of the patient

tﬁq%gsiei\}@grna I%tﬁg;‘%ﬁlégagﬁls%ent }:H reGI‘ a:?}bffg Eﬂl]s‘ﬁle rder of several
RSk 'n?s[%bl'ag apd aﬁ@'oﬁ% [?i‘tnhﬂ @hﬁﬁ& rr%& ﬁrz{tér%{f% €0 8h&itably some

pat I ént roughput us t ty, costs,
dagde prf afridtadal ﬂB;tMlstrfmmln and ysi-papeatdblt umdchewicali tbieragk tay the nozzle

with accurately pqgsitioning the patien t he .
T‘?;Vé’ll‘feé§ FH s )é@’angléb@‘% Mﬁ’%]éﬂn%yr?etqq 1&%@3 A gn elongate distributed

nﬁ% {htaf ﬁrﬁ s@rﬁgt &ﬁ%ﬁy W@E&%ﬁ& ﬁ]?ssfb‘?@ thi'g g:[egl)?%lg can flex to

I've uncert ai Ies In t

s@ﬁ@ldhgme, mnd:xambm hsvtheaitgizle mbvdshfom il oveshebd vertlcal posmon toa
corrponent s of a radiation therapy system, For exa
hewzontad avidaverys peeseniatioreofthe beam. t dCerate ientification ofj .’d@? Heclse nozzle

P %g r{é(ansalsro %'}J)rrgp tealb#r%vxohbs%r&ﬁﬁgl’vﬁﬁztﬁé gantn?f revol ve

Siniilarly, the patient may be placed on a supportive pod or table and it may be
connected to a patient positioning apparatus, both of which are subject fo some degree of
mechanical flex under gravity load, as well as mechanical tolerances at moving joints that

are not necessarily 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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' ltfgptg
- 11&8‘9.’@ 2 syHeln V@gi’ alg?%@ﬁ%gc} a?f)? t 9 'd.gcﬁa!sb %%?thi%l Ef%f%f E»C}Bcrease the

facilitate presentation of the radiation beamfroma
variety of arigl es with respect to the p&tl ent w t hout
requiring un&omc ortabl e or inconvenient*positioning of
Wheaoopats7ent t hensel ves. However, as the gantP@r/usS2004/026079
structure is rel atively | ar ge (dn the order of several

and nmade out, of non-stri ctl .
F?lb“’?ge i DI fisplament SEans lﬁlalkﬂﬂs"? lagHen 2B gPestootieht acouracy
ﬁﬁﬁﬂd Clueh @ tdf Ilnﬁliﬂl@ﬂé bPTekd &@u@ eﬁﬁ:ﬂ@@%@s@ q"h s, the known way to
mechani cal tol erance as the ozz revol ves ab qﬁ
g@iﬂ:ss)gzmtﬁyl enchpatient tablennizaliguenlyisbie re: mgisteg‘uheﬁamt Béfore treatment.

:laon at trihuted. nass that is_also not strictly

i3 e St a6 B mCR e & PAHGORN A9 T ROy s imaging
SRovel M kient (BRNBLRR N 1@8ucel 92 ﬂﬁ)&ﬁﬂw Gre t;'y bR Péjtgeé-lsﬁatmn

nmoves from an overhead verti positio

hor i Ztit mbyaldé dewaysnisresandiatidnotheapy tyreenb ahmtend to be rather large
Accurate identification of the precise nozzle

BES PR (RS PUFIHE BORFPY caverreply oh tho VRIIGR egppRpents. As the
Mrtpgdnbhie gantd }iavesgl h fﬂﬁﬁty ’Ilelttlged tr' 1?18'5’6 A8 £ é%?@gaﬂy power
on 'a supportive pod-of table an connec

driven, patfelyrystpostbtinhibitrigmapp auhﬁm&y cbﬁ)ibh p@(ﬁVlGMﬂ. Shfedy systems can
e of nechanical flex under

Li ect to _sone qwg
i8¢ B{’ﬁ PYVFIRtEURS e} o1 Sonast RHPEEA Lo PR GBALchRs aro activated at
AR o %r@esot{lf}&foﬁsﬁl ?E % pt cﬁ@e?% Tk oGRN ﬁa?& ﬁﬂ)tﬂon stops or

t hr oughout "t he range o pOSSI pati'ent posture
liphitdrecant alsosbe rogidedtoepHysicait inpademanen e a8y £RE fa&gél However,
t hese va@ﬂatl ons, as they are typically variable

cgﬂt&"tn%’ﬁ"ql% B s ary ARG VAR meé%ﬁmwmﬁ@é(s) reach
PCT/ uszgﬁ’? %gg%h’i’ggég? ! en%]b' ”A“"t‘ Pt%ﬁ%ﬁ dgﬁ%wear on the

lmhmleryrmldl can lpothlchd catlargagedn éhgﬁgédeextcessweghtln additibm Garticularly in
limts, f as to mllineter or | ess accuracy on a

i D8RS PP RO VIng T IRRBRAS O ReR Stam dragement of contact
sHAMEYanaRd hQﬁlL Jiuffibest 19%19%82%1%3%&1% g0 aérejﬂt%y t® 1H%nb1t collision between

re-register e patient
ﬂwrrduikplea:bh:@oamts el gatleAtd mcfficaRases tHevarkd siybt@maiperanon if the
radiation for the i ng ng 5 and overall patient
C?IHP gisstk [onded oduewns By ttndimaligstmplify drrgolbsion h@ldance

re- 1 Qs Wk, %?; ﬂe\vﬁf)%éa%f rﬁ@&?ﬁ% ﬁ?a% a%eeﬁg'lor incPéasing the

therapy sys &0 Yen e€ra
aqeassy vad spéedsofl thdipadientnggipesn §ilodesy ETRM 1505136 Reeed for reducing

var i ?us conponents, As the conponents tend to have
¥ iRagiRe pRbFaarignting th@@a&gmetﬁeaffhleaﬁ@ desized ppiec aﬁw is also a

jury-can
aopnmey off Pkt &Bglﬁrzﬁﬁ)‘heﬁldoﬂlg@xﬁiéhﬁﬁith%dd@ﬂﬁfﬁ théABy delivery system.
contact switches are activated at noti on st op range

Therre wdsognneel dpn providing s coblasigsy avoslages systenptoonsintaiineptrating safety
anﬁ%ain%ﬂe 2500 Wit posttioning multiple movable components of a radiation therapy
delivery system. There is also a desire for efficiently executing movement to maintain the

“accuracy and speed of the patient registration.

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
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limters can al so be provided to physically inpede
movenent beyonda set range. However, countact

switches and hard stops are activated when the
WERPHEEBBHdi ng conponent (s) reach the notion PCTAIE2084426079
thus inpose a relatively abrupt notion stop which adds

o wear on the 15 hi nery_and can even lead to .
ﬁﬁe& c imdzéﬂ%dagame §p:@>éqhy:genﬁ ﬁa%or&pcs[‘]yo ﬁgcommodate variable and

Rt bl APRIr ARES Uhd! SUREELN Bl ULE BHE HIRY 1 4 movable
conponents, a notion stop arrangenent” of contact
csinpominessofahelfadiatiba tiebrapysydtan SThinsabydisment gudes clenieed for imaging
conplexity to inhibit collision between the multiple '
thegrReRE T e fEr2Bment faglipre gnd drareases f@ﬁéﬁf@%o& thefggistration process,
. O ?) . .
TRk e AAREAN R diud Moo IRT AR s BhGotive path planning
segidrh itlsit dateauivics am efficieAOmiol amert peodeGivegmid rgoidinatdsl the hevement to
understood that there is a_need for increasing the
aglivel 2oy eafsiandistvesn theequipgnend Apd pagedel at i on
pr OC . . | e
"t or apret e Babn i3 afellaf ek B JBUHY e comprising 2 gantry, »
patdnt €ivetien dedcs eshfipasd. toTseeure a atishiswith respeeidiof the patient fixation

system that accounts for variabl e and unpredictable »
deies gipatier Ppohena intpispinesse tq the palien dixglign dFvigeL0jas fg position the

' i on. . ] . rad] ati . r v
oifEft B ARG ARG M el ALLRE WAl ARy, o rdiation
therp9 | dozsle OftefdtDneAaT & $es pamyt mdnBlainaely didetstd Rgliation therapy

saf et‘\)/ and damage control while positioning nmultiple .
alppg apb@nt 8kiso A BRRlibF of extamiah teasrrementagnyiceg eviigly oftain position

Ther.e i s.al ire for efficiently, .
=SRRP A TelsE e 0B R fed Lo LR ORI, it ol which

re@fivéd e Paditi GitineiRBinSdnt-Adf a0 [bast 36k PUIBARFiYatn dekRe and the nozzle and
I nvention The aforenenti oned needs are satisfied in

- prgMdes ppniEpinaignaly o £he patienit pesitiogaimimtposisips t tam Ratiget in a desired

external.l,y neasur.es, and provi des corrective feedback
© 661?3? ar g%/ﬁe%egts%rtﬁe'a% %&f'ons from nom nal - position

and Qi@ atdbefinkat m?ﬁhﬂe Ritloh Bt syatesh fr 8 ehdimBmetleraBy system
WO 2005/ 015734 PCT/ USZ004/ 026079 therapeutic radiation
hayingne plpléty eofberaipenpnts dhat are subjest iecmoremett thoyvpositioping system
nical tolerances and

and. . unpr edi ¢t abl.e cha . .
coB LR SRS 561 RBEH PieRRierhet f0%s) wemahyfanghip position
m&suteBRntsas el Pralife bARYmMPY B0 FBitS 1R0¥iAdi108Mon information, a

reduces the need for imaging the patient between . i
movable pasiant fuppert configusgidiodupparts patidnn sulistangaidy figéd mipwsition with

registyation process, 5 t i ncreasjin ati.ent . . .
reSPR P B SeEA HRTP R CPBO R At dadet i ARl renslatonal
anR3bRtiBhAMRES %ind a controller receiving information from the plurality of external
measurement devices and providing movement commands to the movable patient support
to align the patient in a desired pose such that the positioning system compensates for
movement of the plurality of components,

An additional embodiment is a2 method of registering and positioning a patient for
delivery of therapy 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 inmitial
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system that determ nes an efficient novenent procedure

and coordi nates the novenent to actively. avoid

col I'i sions between the equi pment and pefsénnel .
wonzkers7enbodi nent is a radiation therapy del paguyz004/026079
systemconprising a gantry, a patient fixation device
configured to secure a patlent Wth respect to the
priiepepesefand 4 desired prgcnpoise end projading movemeit jogteands to the patient

fixation device so as to
bRURREO RGeS e b 1St el as®) G
t ransyaf arfta emBodifehtak iaqaitiodRSsyWeioP uﬁmltﬂ %'}Mlytionatreahnent
radi ation  therapy nozzle interconnected to the gantry

arilitswheretn the r%dla@gm froadmienigfacitithi Leesiagrinieyradpgmpericotsghat includes a

beam ral t of e r nal asur e

SRR om0 B ErBra FofnSth Behra TG g e b TS nosele i
Rbdb@Mvith |ré‘s@%¢t@6‘th‘3§)i &G t@ﬁ@ﬂittit@ dBRA#Y 6f thaBektidles to a selected region
controller which 15 receives the position nmeasurenents

offthepaliepg gia & ﬁerabmqféhﬁfewmtmhso thedmeitiopingrssterh@omprging a patient
at i ent

i des_contr nals to.the
R E S S e S B e R onas tagpable so as to orfent
R Wgﬁ[&ﬁt\ﬁlﬂﬁle%échtor {88 RBEAle tP FcNRRRIV Y 03 thﬁg)irﬁéﬂai"ﬁ{ the selected
odiment is a patient positioning systemf
TG0l axf i the nahelﬁapyn@y@nagq systemi thgt ampgearadl leasy ooé component of the

EERE GriPgCheRBR SEoustuieiGr RaeH gPatighe, yhgpin the monitoring
sPAGRT AdlcldPRaS WeSiRA nﬁﬁg’é ‘ﬁ:ﬁﬁca"i‘fv&aﬁg e Bﬁerﬁmo%' Bf the at least one

position measurenents of the plurality of conponents
cgwpeigent vifhr ospedicto Itigcpaticnirpriarfio tuwathient) and a comtvelfsygem that controls

tien ort . conf ed.t rt a patient
aBfNecy B pRUPRS i nf iR whEin s ronps sy Pralpieiyes pignglh dndicative of
tﬁﬁ}éaﬁﬁéntsté} BB E’:IthIﬂi[ég th® %ﬁﬁk g%?‘ll i Pakdiled %n%ﬁ%h(ﬂ?&f tg@ bt least one

in multiple ranslatlo atlona axes,
C@umlteot whien tequrticdagrd tofterdetivered td thematibie, whenrmalth& yontfol system
ternal 25 nmeasurenent devices and gtpow tln%srmverrent

HELoP St T ABRes Pt e OSSP CvREaks thTeagent image
toP@dtEShe 0 &nfi%hezﬁghdmﬁmé%he&é@ gl el BB ttaa[riep AL %eatment and

system conpensat es movenent of the plurality o
Wbmpnﬁlemostrowaysmdmmmamlthe pttodl onutatios of threstHedst ohe component

i f del
P‘ir“ﬁ p st i e cSied rvatonoty o5 1o Kt o1 copmeasmb it the sotua
iRt adR ﬂﬁ?‘fﬁé@ﬁ ipre- -d3RrmhiiEd TREdRdrE QBRE ﬁPMcé Rth the desired

steps of positioning a patient in an initial treatment

onEméation) the eonirohsysietd sehbie sigasls éotthqppaicnt posdtioner to move the patient
external |y neasuring . the |ocation of selected poin
POSHPRe Suph (pal fhey aciRal cossatian, Sorectletehi sPmgPands o he desired

orgggggﬁ%%l %\&g%[?ﬁ{ggg%ﬂ%%%he observed initial -6 WD

A further embodiment is a radiation therapy delivery system having fixed and

movable components, the system comprising 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 ganiry, a radiation therapy nozzle interconnecied
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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patient pose and a desired patient pose, and providing

nmovement conmapds to the patient positioner to bring

the patient to'the desired patient pose. Yet another
wentvoslénsesat i s a positioning systemfor use w PET/ES2004/026079

radi ation treatnment facCility wherein the radiation

treatnment facility has a-plurality of conponents that

neHertRpssangd nezziogidcdetamings reovemest sapmAndsoiPAISIToRdhe patient in a
AN 05 BB B S St PRt of e

pAeitntvieidywith redpeciplr dthe! faedtaddansedbic tatponegs af thotherdpy delivery
patient via a plurality of different paths, the

syemt Passi ngpody Hiee Movement | compgandspand dafermigesivwheliige a collision is

_ 17%(5‘1@5&?4 %6 m/aelzlo{fgﬁerg l%éh&%ds%% qugp%g&&%éﬁ&gﬁ g%l%ision would be

0SIT1 Oher 1's nbva SO as
iMditdred espect to the nozzle to facilitate delivery of
the particles in the selected 10 region of the

pat i &rertaim ebefimerts mipodyaludnme paAt plprrige andasollidign pvejdence system

conponent q e i,atjon clLlJ ' :
P TRRn kb AE bR PR AL s sctvly
dBR¥Mrin@'d Mgiatisy Heeify beMe RS adbebmeais eRpokiBgRg system comprising a

i ndicative of the orientation of the at |east one
phualiyeé witemal meegseraent devicesrramapged onebign pesitien measurements of the

t reat nent nd_a.control .systemt trol
PR o e Bl ERERER Ao (R R, gport configured to
sEEpL 8lpafi¥st /hRESlyVBidSihgiltbn With Gadpemetoofhe JpatitMtesupport and
treatnment to be perforned, the signals including a
comillably pokitinn dhe gutioft nhsudliple danslagral awhpyrimel axes, and a

en. the particles are to.be deliyer t0 the lent .
R HepREnEoReTar JabBibT (B FRrbR, o pRBhi Measurement
Ab¥iEA! HRAt phd¥Bdifg af@véticht COGthinahdsS Vit @B aN@lBR! gftibdie support to
treatnment i mage  to determ ne an actual orientation of

- awthmaticallyealign ohe raiswohernt dpditedr pess epd defBminipnp corresponding

wherein the control .system co res .t he actual s g
S PBRR LA PP PReHR P PRREHS G e Rttt sprelprq apd inbibits
oV BALAESHthd PatlcBsippsit raoRsiRN atdieed s iiiatth theBS¥ement.

one conponent and, if the actual orientation does not

meet Yat pitier evbatineute thebxde eandthod off regisiering pahplesiftaning & patient for
the desi.red orientation, the contr ystem sends
GG BBy B, TSR BALF ke aha e e B B foaponents, the
itd iR tofthoSitiaRihE a pAfen Rt 8d iiRal@ERment ith
mgﬁ%gedlc’%}%sgo%%got ght thle dgsi?ed ori erlllt a?i on dﬁ?ipnogSe v

catedollalele\patientt preitipaer, exteeslly 2tcaguring thndecatinh oflisetested peinis of the

il B RO Ia el RO RE P b g bgteen the

oﬁl‘ézg\}eﬁnfniﬂﬁdpgfé?%g% edatp (%%?é& aﬁentpﬁésie,ﬁ Rbtermining corresponding

subst ant 1 al l'e wth respect to the patient )
mpoehners @aihents qudsd triovement traj¢conyofondlet patiend positioner to bring the
ient pod so as.to position the patient pod. a

pat ; | on .
pakight FpIthe depiies PAiSbRe, AN FOTEATINENIE QUG FsFleewith the
mIA Y iocRidn@ Uk el sBRc kA S5 RN RZ Ak & Al £ 1&SNRGhERble components
50 as fo inhibit movement of the patient positioner if a collision is 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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30 to the gantry and selectively delivering radiation

t herapy al ong—a beam axis, a plurality of- .external
measur ement devi ces whi ch obtain posi ti én’/nmeasurenent s
VoD 2e5/0lsvast the patient pod and nozzle, and BCTUS2004/026079

at least the -7 WO
patient pod and nozzZHeldkrds R ment
comraRdscHemal HiderAR o p@ﬁﬁo%%g{ o ¢ ﬁioé?@leﬁS? System with a
with respect to tthe beam axis and correspondi ng
poasipnsitionag eyttemiins fifst bHentatiai iseshowpdd Figdrd 1A and in a second
-[.esfgtect. é:o other fixed and novabl e conponents of the
PRETAIRF BetgVery: system based upon the nmovenent

comma - ; r ! ..
il co e g e B r R e B exteaded posiion
aMégent?H flustrae the siagarsioubetrded posidbgat ed. Certain
enbtg 'mants.glﬁso include a path planning and colljision
avoi SHusEHes eusrempadiaentaf SrpatRe ReSiHossistoawiich a patient pod
QaeN@adileyed and novabl e conponents and sel ectively
delivering a radiation therapy beam al ong a beam axi s,

t he pitigines dii-4l iRysthienvaziony rositiog efrol Qowkes 6f bhy e@bodiment of a
ext ernal nmeasurenent devices arranged to obtain

1adiefien BisrapE §¥Sie®Birent s of the conponents so as to

provi [ . - iy
Cppo ot P ok 3F BB bBoqi AL RE b Eibining g posiion
dniloeiginfatiopofotjeaninwiridiatie@stheaby tvitohmep@at i ent support

and ontrqllably positign the patient in nultiple o

t r and18HIP SdYSUAKE R embedimant of cstomah measremaent devpesdfpr a radiation

Yy .position information fromthe plurality of

ﬂéegtglgyr eslf%gjﬁeasurerrent 15 devi ces and provi di ng novenent
conmdfigise U allubtentexofnathére eppbbdimzhisSo paérhal Measurement devices for a
%gtomati cally align the patient in a desired pose and
YRR SRS r espondi ng  novement envel ope wher ei n

t he l:] en . t v nvel @ nd N
i B at 8 i SR i SRR PTG Bent positoning
systdrh iof b eadlidtionithdialysemel se initiates the novenent.

Yet of her enbodi ments include a nethod of registering

and B¥8Y% P Hra Plgcladipgamenitong spabogdiment pf areexjerod! mepsugment and 6D

| ' ' d at | east one novabl e
c%ggzr%%gﬁ%%%@%ﬁ?ﬁgﬂy#e}%ﬁ%@go _ Sglgt_ﬁ]él’t he steps of
posi Figard Y if apBlotlefiagrfimadf ianpdtiedl rédigdiaR ho@ds Sf the patient
wi.th a controllable patient positioner, externally
PorAETRE $i§to%e | ocation of selected points of the

<2 o PeBREHs IR e SR AR SEROBRRUE of AFATR oBnE module

ofitht betdnt posLorangdsy8iefhesi red patient pose, deternining
correspondi ng ) ) ) .
: 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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25 novenment commands and a novenent trajectory for the
patient positioner to bring the patient to the
desired patient pose, and conparing the nbvenent
wore¢zasmay W th the nmeasured |ocations of tHECT/US2004/626079
sel ected points of the fixed and at | east one novabl e
conponents so as to inhibit novenent of the patient
posi ti oner i fDegailed|Déssiiphion of theRibfemed Embpdanat and
ot heyr objects,and advant age f _the inventi.on :
bec oREoHBS Ylh JANe AT T 1P (B rAng PRSI, Y retblehoe desiguators
iR LA tH AHERBu, nF%Ql'Eb YACHHEQ® Wikttt BéheRBEOATRAMEE MGl second
rege?Z%hkg? c WO 01(21)5/01 8734 PCT/ US2004/ 026079 Bri ef
oiesationpoff one efbbdiemedt afiangdiaionshhepitsiteni B§r arahots based on the
enbodi ment of a radjation thera t.em.w a .
prgtan BFEDYSSHET BHTADSPSFR A ne LN gap  Mig R} Coager in Loma
Bl sy i TES. SIBRQR G, 8 R8T P8 4RAN26,M989 which is
L .%Yf?aeﬁf?%@ EMF?Sgurg g%d quI ustrates one e_:n‘podip?;ent of i
interpoatddahtreini mage rentitaty by eirendedIposidistion tharagy system 100 1s
Figure 2B il lustrates the. i in a retracte

. er . .
deﬁ@?@ it® rﬁehﬁrg_ rapautig itlpgt esoﬁ% ae%&irﬁ%ﬂ? Vg)?lmé a patient for
' sk ) Srientati h
SRR R GRS i LR ) ALy RO w80 praions v
re§fecDio SeWatas. ofheosisteanboiinkidts efgaatry 102 méhairicludes a generally
therapy system Figure 5is a flow chart of o
hesppRheriAwEn T JTUSEOCRBICAD FUBROTY dEaBIem AR gAY LAtk sgpport of other
oAbk SP faﬁﬂlﬁgfu tﬂ%ﬁff%ﬁteﬁﬁl(ﬁ).r AQiR{oh AN R @PYhe structure and
enviroment; Figure | "'ustrates one enbodi nent of
oRXdtRn REbmbedisitnanafiite gty d62 nfap be doursidh 1.5 dfatert or 49y 7,344 and
system 15. Figure 7 illustrates. further, enbodingnts ..
USH PalembNoni 5. (ASHATy i of Qs 8% imsprograled, BPERY i Tiets entirety by

py-system Figure 8 is a block diagram of one

i ment of a precision patient positioning system
of arHeasin 10 dlfetcanytissyshearle Fdguhieh & dtickedyindskpported by the
ram of one enbodi nent, of an ur.ement

gag%’ggebsu@h@dm HARER 1@@@9@;@% Q,A? é{aﬁ égvg»i\qugﬁﬁvely precisely about a
g ﬁ?:it%c{cgﬂtlep 95 yb%}t es.%olﬁaﬁ & &ﬁlés]cgefv\'r, tssﬁlg’ %g?lﬂgﬁt HAHEMsOfrod nominal.

u
nt regirstrati nodu

The system 100 also comprises a radiation source 106 delivering a radiation beam along a

radiation beam axis 140, such as a beam of accelerated protons. The radiation beam passes
through and is shaped by an aperture 110 to define a therapeutic beam delivered along a
delivery axis 142. The aperture 110 is positioned on the distal end of the nozzle 104 and

.the aperture 110 may preferably be specifically configured for a patient’s particular
 prescription of therapeutic radiation therapy. In certain applications, multiple apertures 110

-are provided for different treatment fractions.

The system 100 also comprises one or more imagers 112 which; this
embodiment, are retractable with respect to the ganiry 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 comprisés a commercially available solid-state amorphous silicon

x-ray imager which can develop image information such as fiom 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.

-10-
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positioning system Figure 1'1 is a block diagramof a
pat h pl anni ng podul e of a notion control”nodul e of
t he patient positioning system 25 Figute'-12 is a
W YOROWi7Hgr am of an active col | ision avoi dancRCHUS#:026079
of the notion control nodule of' the patient

%)ﬁ%ieém{gp%b ﬁ%@s %1?:{2?5 Ellg (L}l{g |eniot§ ?18 | eg\a,tggrggyz Eﬂéoqflﬁ%g% %Edi%gﬁ@] clearance

WiiRtthe %a:lﬁtgﬂ HEN GAcIeARE A NBdP l%s %"iacﬁlg"ﬁ’l%i ﬁﬁg&o M7 Sl ?f 61}16 path of

nodul e; "a Figure 14 is a tflow chart of The operati

fentingy barhdili eneissions framrthd rudihtioh sour86 100 dietébynmedg:ing the need for
ati.ent .and deljvering radiation therapy. CVO

S@tﬁ%’% ﬁ?&oﬁgﬁé@%@%@?g@?g Det ai | ed Description of

the RnefsedardoFaRO¢ Sz i ) ;

t he glrrlgv%l?%gs wher ei nﬁ??ieesgrgfe@%?gﬁg% J’eé’i‘g‘gigt’g??% 9%1@ §e?30 which

seleciivekeeipi mprophato tefap vddiatienglsresortAr amate kBay lsbuisé padsel 44 so as
schematically first _and second orientations.of one .

13 RS Ao PR ZAHCR tsriedn SRy Syadiesrnln imagscy thg interposed

RAGRE 0R 2gd? L0 r igatiby,

o e 2r et A Er TSR N R ded o5 cxposure
priangiers pafaraldy enplayed bashargay sheek(s)n130. Br iMagiegtand the radiation
4, 87 7. of Sept. 26, 1989 which is incorporated -
S%F%?Qﬁzf%ﬁ ﬂ%ﬂf@Yéﬂh VBt dfjereyrappligetians apdavill s rsadilypmderstood and
abieniaRy by %Rt F0:dilfyisRin deR gped to deliver therapeutic '

radi ati on doses to"a target region within a patient
for It theatmisrtimeatt, neleagnasof ds vrayoddnees ¢BOE positittable such that
fromone or nore angl.es or orientations with

10
eSO PhR 16’&;@% . POFHIONSY &0 & to s Rorermalie sogeident with the
AR ¥%id Q@Z"fh‘é&cf:hnb&ﬁhgﬁteﬁ?ﬁg%ﬁﬂ? raalrédfage ?'Hﬁ&t}@%% %q:latient image

or frustoconical support or attachnent
feg wppsirationffront h@erspetivg avideit is nofitdily idadical foantrédmemyerspective.
ystem 100, Addi i}i@lenal details on the structure and .
T@%é PIHIb RIS RSN EisrasPest thaha Ty drager 102 apd -1 source 130 pair
mfﬁdlg#&g?%%, g 1 got% hr}‘t'%%\!/)ﬁ gﬁégp %élé??cor p%%&a%%gatjgﬁ%aﬁfé{or{t hogonal to

edch otheei Thisshbadihyntiprovidss the aflwimene of bdihg ablgsb eblakOfhtient images
. also conprises a nozzle 104 which is attached. and ) )
IS RAEaNA DT FECTIYEA P r1joredse TegisFRtORalCCHIRGY Gartitlybel described in

w2 005040y S S B, GELREL, Bt n U,
Patang) Noarfg8ast 8¥erandiSst 101820 arificH 41 irerebitintatporated by reference.

The system 100 also comprises a patient positioner 114 (Figure 3) and a patient pod
116 which is attached to a distal or working end of the patient positioner 114. The patient
positioner 114 is adapted to, upon reéeipt of appropriate movement commands, position the

patient pod 116 in multiple translational and rotational axes and preferably is capable of

‘positioning the patient pod 116 in three orthogonal translational axes as well as three

orthogonal rotational axes so as to provide a full six degree freedom of motion to placement

of the patient pod 116.
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

-11-
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- ofotheciingt frasger IR Figure { Rellustrates) the systemel Ao

The system 100 al so conprises a radiation source 106
delivering a radiation beamalong a 20 raqﬂ“qti on beam
axi s 140, such'as a beam of accel erated protons. The

WQ 0501838 beam passes through and i s shaped BET/A§2004/026079
aperture 110 to define a therapeutic beam delivered

al.o Liver i s.142.. The apekt ur -1.S

PSR rah o i R ordbebly v 10 Rk Ibbitsh Sapppntered when a
ttABn @R FFAHE L inHidAt AL P B AR BlgY. R eranfiB6h bl bthe patient pod 116.
configured for a patient's particular prescription of

Adbtiepé deiais pAgicfriedrenttivaiapys of fhe gatientinysitioner 114 and patient pod

B e rorinn % senRofly 2ot onicition o LR PSS atorney
FRORR miRSer INEMARIID 83V EEY @Rt k1 AviwiihIah Patidhtt flipport System™ filed

enbodi ment, are retractable with respect to the gantry
chfQurteatlyderwath ans rénddd ipogioratehharsin i ith exfirptbydeference.

Figure 2A .and a retracted position as jllustra in .
Fi g urles BIgyvio %HFHJ&%@, liilffﬂgﬁnﬁpgl:gc@upﬁ%?rleth% prsiﬁql iﬁ(ﬂ accurate relative

- p%ﬁﬁeﬁﬁlg%d%ﬁ&ﬂmg%ﬁtﬂeymeﬁﬁédt@bﬁeﬁﬁ Qblivlrs ajlse142 provided by the

anor phous silicon X-ray 1 mager which can devel op ]
radisigm $auieer TG with tangethtissse fwithin the giatienttasxsuppgrted by the patient pod

1 i BeTEonE JdBr s g et e gbigRalls R as when
cg@pﬁmg%r&an Wi MG sleRe HERARE, 2 %@hgidr RBhdHRd, the various

Ivery axis 142 of the radiation _ 2005/ 018734
cRRPOHRIBROMEhORBETD 1 ) wncheasiBEgankre 102 fthe nozrie i 041 t@lidtion source 106,
not needed thereby provjding additional ¢ rance
thg HER N g g Ca o oero il iR ol L8R Rty secel® 130
ate 'ﬁﬂgerct ilolgefr@iﬂ{ alﬁéuﬂt? 8t BRldAu el AR @hdnY thefalids! from a nominal
emssions fromthe radiation source 106 thereby
pogitio amdoridneation evhiftocan affecedcdimg delivéry op theticddo thmt phigent.
i mger 112, 5 The Si!/.ISt em 100 al so congg sgs i £ th
cor r EipEHdihgnonE dhustipe PR parRes pSGeip cRmponents of the
syPer Gbb UGk Yn B b?@l?é ORkERALRows bEY tEANAAbAR Ind OG0 feviations
or nore X-ray source axes 4 so as to pass through
fiohi sorp@sketapaini ceotr iniths systdno 19 For akanpley iadhe gmhpdiment shown m
image of the jnterposed . materials via the %Hag‘sr. 112ll
Frepee b thecinzale Kiewngytirstigaager dif sxtesn subsiaptpll dprizontally and are
par -pr . = {.a
I8P P RIS Bl RLCARY pORPL PUBE R GBI bo scoond
itd4¥er fi 02 ist Aemged swiistantisily yerticullyiainfl d¢ aot subjuot tcctht ihorisontal bending
and will be readily understood and determ nmgg/ one
f ’reuatt arrangernent
. t : hexoX - 04i.S {1 1.0 :
o 8F pfgl "oc RlesTOUGREE ot gle° R ARYIchOOERlsPre 1 o his
oriént@fonl Bothf g inigktsyl 10QisRedldRthe WoZzle t0¥eare subject to bending under

gravity, but to a different degree than in the orientation illustrated in Figure 1A. The

movement of the ganiry 102 between different orientations, such as is illustrated in Figures
1A and 1B also subjects components of the system 100 to mechanical tolerances at the
moving surfaces. As these deviations from nominal are at least partially unpredictable, non-
repeatable, and additive, correcting for the deviations on a predictive 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

-12-
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delivery axis 142. This enbodi nent provides the

advant age of s'devel opi ng a patient imge~t5 for
registration ftoma perspective which i$§ -nomnally
WQI2006/018984 t 0 a treatnent perspective. This epbpusieiizeors

al so includes the aspect that a first inmager 112 and
second j mager 112 and

X-ray source 130, pair nd L

4 PpEer 8 sesEef g%ﬁfr Cagy é%%ﬁ%@%éyglmy%%dacwed herein without
taﬁg%% : ;i ks, enbodi nent provi de

(t%l?e a tﬂeq;pnﬁ%?hw%&gﬁ%%?l@%bt ai nI pat i eﬁt ?”mang

lvant age” of bei
i n twiigares AAagoithilivpents egtitstetetdilcentvdirtaseof potential uncertainties or

regis r.zi{ji on accuracy as will be described in 20
GBS PRI EARTS PR FSHSClY e UpAPaRioRY 1SS s1oB #liemeT @1, for example, the

ey . .  Pa s
S0% b0 IS BLBTBLACRAL LRGP Rolbls 1o TRLAR e s
thysersefuseenmeerTdinty 9y strenwitiDf:fabsoe 16 osfiih dR8meesmat ipésitions. It will

ositioner 114 (Figure 3) and a_patient pod .116
i RpReciatod {1 ot 2 ATIST AFSCBb T Do HIISEINErE the typos of
td SiteROPh 118G erh b0 o-flﬂ% iBaLd A em%%ﬁn&ﬂtg B %]1%4&16'5?81:8111 100
adapted to, upon“recei pt of appropriate novenen
desnmibed dscappids iof aditessing aditipad] icaots. 10 thid d@bodiment, b idtace SAD is
transl ati onal and rotational axes and preferably is )
deﬁb e PrIcede axidaanGg Sopehp sadiation spuige 1861 the ppfpigan axis of the
Bt o ackllf B3l i B8 KBcBRy B0, A% HBAE; of prgpgpion and
apgeietor 0E eclatineofcalediridodistaicep) BC e Binbodifncht) S ATAtit @pfroximately
eg{gﬂ?{ll& The patient pod 116 is configured to hold a
[

At BESrely in place in the patient 30 pod 116
SO t @ ' | o b ti n
50 ¢ B TAORLAA el Il A oA 0L oS o v
thertruedocation of tHeaddiarai sourdeNO6 pagibfurt tosfibel :6m GO Rd Sr nominal
xpandabl.e foam bite blocks, and/or fitted facemasks

102% mBbthes smbpdimen; thedbamreube radation; bepm asrevidad bywhe radiation
. , i 116 |
ARSI, BT RTD b MBSl 8o

beane OTldse apdindioaed as TIC 2atd B 3 fahd eb®srei aldi FBERISto the nozzle 104.
delivery at an edge or transition region of the
Thea£9ERE ol cam prise JRgra; RUDeteHS wraress |incleding meqvsteatiof the beam as

i f at | 0S| t] ro14 d,pat,. ent
oS Bl R OB 5] o iy B S o e
todeplingabi A3 GEfibal roludbLthe UAKIROWI2 2a i RENQY Bigalealeillustrates

nunber LOVARRL. 128VPC2 entitled "Mdular Patient
SOBHSFBIA CoprsRE apni qtégt of Bedtier pasitiop ofethewdistiomnepundei HI$ from a

oo D01 008 el Sl o i BB ! el 58 s we 54D
disthecesiDughthtQBertas G 10 piRidist AbdrvRporliasd &k REcaRd 120.

orientation of the therapeutic beam delivery axis 142
pr oiigag 4Byillpgiates possible error caused by TIC location error, where TIC 1, the

radiation source 106, and TIC 3 are offset from an ideal beam axis passing through the

nominal gantry isocenter 120. As the errors illustrated by Figure 4A and 4B are assumed

- random and uncorrelated, they can be combined in quadrature and projected through an -

assumed 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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AT e e

radi ation source 106 with target tissue within the
patient as sup§6‘gted by the patient pod 10116 and
patient positioner 114 is an inportant goal  of the

WO 20EMEIH0, such as when conprising a prot onPEEE004/026079

t herapy system However, as.previously nentioned, the

vari o t 100, such t he
gant 1y g5 ERREAES effr (o EhF bR rodtips o7 T eriprp, 1 10. The
lovatier ¢Sihe Midiatibmoupet 108Nk aBisicti reRahall hdweddh Cortttor ftertainty is
pod 116, and x-ray source(s) 130 are subject to

wgrofluged BofBub dolemnag plgele-tip.askert andafiex whbermerzle 104 as well as

. o X Adie . -
A SAADAES (LSRR B0 By 1 953, PR R R ecintin
fkdeelf6. ackdsg UhegistaReedDAD !B thd AdiSihhiEkSoeich fI 80 8Nbeam (}e&iafery aiming

arrangements of certain conponents of the system
Baigt @iam@z@orny pesstblyp befveen apraswsed ovininal BRAR bid makotual BDAP,

&0 WPproRimAbIgU B1 Infs td-he.sn@@z! € 104 and first i mager
112 extend substantially horizontally and are 20

subj e pitegehd] iglwumbiest tor exvirtdpe tp gositioningof yhaimager(s) 112 as
\J/aleésrﬂlé 30 gc%gu!a%e&) gh@ tfigil]ug@%(gq, {nﬁg gtrr%?%g ﬁgd ﬁgp’ﬁ‘gqeu&e 11]% %llustrates the

'S arrang
esobieclo WiReitiiat 10 HicZRRbas) henghditon Wit futegpd‘i tofiREReT, ;

112. Figure | Bty:IFI ust rgt gsg thg sysflt emllo isgfogoft esponding
Xdiay fsevignis) 489 apgjared mominat s ethe appssixisniaselthe 45ay source 130 pass

auntercl ockwi se f.romthe agrientation of Figure | A, | .
R Bl e 155 S Sewell Ahigareater 130 B¢ Gupivt o e imager
11 Dethito adstMcd Aay@ b dfERERChat P SAD BGHBIGHhd AR this embodiment is

gravity, but to a different degree than in the

approgimaiely equall tb 2s3 metesd  Frorrorguncertdinty ifittke tmrepesitiot offin imager
tations,_such

e gantry 102 between different. ori S .
112 SeP Al ool SERE iy B oo 4 1) BResy b2 ins dh to axial
% t : ' . S
SIEAMENTAR: Sller! 112 PP FBPRcL 0 e oRGRARLE N r Ao B SR 25 well as
epergiim s gigtrabiontof lireapst optmirted dlylipageydri@dd theaDR&s. Anithis embodiment,

repeat abl.e, .and additive, correcting for .the
befath comeanah e A5t i e ephe S 2a¢ premstaly 36.7 mm.

chal $iaRgir-RI FREE 48 gil{sﬁatgé’ ?{ngjg gu@gdé%ﬁ%% ) 'n&l &f the X-1ay

will be appreciate at
soyore(3) al 30omiithnthat positionf oft the cpstEemdmzeinsiger(s)y 1 EX asguhtdynominal.
t hat any of -12 2005/ 018734 ,PCT/ US2004/ 026079 _a

PRl &b arediodp e F-o Soive a0 dedidesTie Bye torfgitial alignment

SB35 S 0 it

ofith¢ besiny e and egoralueto thedrpielatienbOsticaand selafveptistames of TIC 1 and
errors which can present thensel ves

ertainties or t
'T‘g‘rplican IS5 CEATH & 2lFQ pssumpd mpdam apd uneerrelaigd anindependent and are thus

‘added in quadrature resulting, in this embodiment, in error due to each x-ray source 130 of

'. -approximately + 0.7 mm.

As these errors are random and independent and uncorrelated and thus potentially
additive, in this embodiment the system 100 also comprises a plurality of extemnal

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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5 nozzle 104 and the target tissue of the patient at
an isocenter ?O Figures 4A-4E il lustrate these
sour ces of uhcertal nty or error with refefence to

WQR 240501878 st ances and positions. It will be PCT/US2004/026079
appreciated that the sources of ‘error described are
sinply illustrative of the types of errors addressed

qéﬂ}enﬂ? éﬁ%@?@@@ﬂﬁ@ﬁ)’l@ﬁ 1gheagh ¢b§3ﬂ AeagircEspoiormytien almut the three-
A LR R o G SERRL BoRARAL, oS00 g ey

ressi
T ﬁioﬁﬁmentgéDWGﬂ abGnee inieel fiR6d PnSRAHAGE 3D AlRMieforred to herein as the
i stgnce fromthe radiation source 106 to the rotation
Horld” 482t he gantry, which ideally passes through the
i soc ur.pos pla nd . : .
VS Bl B RSt e GRGhee 028 oppisq pogmerciaty

appr €ci at r'on or

 aeainOH oBRdras, SAEh bS CAIOS %ﬂf@b&h&’r&s Qﬂﬂﬁhe%&im?el FedBhitRnSand frame

Fi gure 4A i[lustrates that one of the potenti al
f@éwfc?é)@ H?fOOEin Yﬁhlch sndgpendentieobsain optieeh enages Qsolnlhfés within a field of

P . Py 0, SR AT s R Rh B abf g vericay

mﬂb@@érﬁﬁnhmeaélﬂi@néﬂﬁ edARetnG Edstiritde0 alg%%hﬁ@rap rR¥ | dffnercially
by the radiation source 106 passes through

availahlemiferspomplons compiysnts (fthe)Vied Tracker sb{stetmfromnifmon Motion

re.i i cated as .TIC.I T, a
Siun e o B3RS PRty U FRESHE; 0. St “Hbplirsedy g oxtemal
MRENREMER HeRickS @24 CRTLAHTRE Qbker HRGEESchtFdvitdh 'ﬂﬂd/cu radio location
movenent of the beam as 20 observed on TIC 1 and/ or

demiees 3n additien toj qr as he alteruasivg ztmthcyop&cﬁa camperas pHihis endmgim@nt
and du e n Lpstortion fromro
the Bhiflh, Sfosirgn, CY Bl 1300 RuolR" sphh chigly reflctive
1afi@HE&S WhidIOdre EROMDF0l vatibek éﬁﬁéﬁ@sf Bk sjdhén oelqn Iﬁﬁ§ bhb&diment, at
of the radiation source 106 froma presuned

lepgs ﬁhrﬁamalﬂcﬁmﬁ%meaﬁw@dtm eaqhravpagatitad thé syskam ﬁ@w phinterest and are

AR e S S R, SRS S5l eny o

comheds! raBodiBink |obj<b‘éﬁ "I%E %ﬁteﬁﬁ§ﬁie£’du?en§é’ﬂ’t Qbvie@UBR0AE Yrrdtded such that at
| ocati on error, where TIC 1, the radiation source

leaso o exidrl Wedsuraneend ddviaes 124 baweargiveeedmpmrant athssystem 100 and
P RSP Prdits Fiart 15 iR, Bl 20, Yod RSO oGt gt of tem

exteii oBademBRGRN RS ¥ L8e ptdiidedC 2his Qgp&@mg tlierhblht?r to provide

quadrature and projected through an nom na
‘bimentae visidn tohthe a}:ﬂéafm U6@ tdl diableothe sysidtrhi 198 ta miat atcueatelgrdetermine
source

*h‘%?m lif oy o ool Grramenis ot 1R DI 3o Gherdikers 122 are
préBicS © fa&ﬁfﬁ@ﬁobéﬁﬁhé@ﬁﬁ%ﬁﬁs@&&eﬂ bR (@Sne ﬁés‘fﬁélpﬁﬁi 6ﬁ‘entat1on

greater detail bélow), the radiation source® error
of thengiejeéts donveydglr thei makatb \i22 a: 6ffixed, lawever #n otber CﬂlBDdInlelltS, the

system 100 employs the external measurement devices 124 to obtain position information

based on monuments comprising characteristic outer contours of objects, such as edges or
comners, 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 componenti(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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WO 2005/ 018734 PCT/ US2004/ 026079 Figure 4C illustrates

error or uncerfalnty due to position of tHhe; aperture

110. The |location of the radiation sourcé 106 is
WOHHHEE3oni nal ; however, error or uncert ai ntBCT/ES2004/026079

i ntroduced both by tol efance st ack-up, skew, and flex

bG8 bt a e R IS PRI A ot
Pfohswﬁ@da atdrOQtal, SIAUHEE il.ﬁﬁ {iRC b}%ﬁ:‘ﬁa e EhibEAGC theSMNRIt e external

he ném nal isocenter 120, a beam delivery ai m ng
nmasmemérB[dAﬁa)cesathmﬂls eq;xastsin lsheh bibemarahthe vmrbislfri’-‘ecﬂn the calibration

| BDAP t t hi di me
stf b, 16 defFianty, U oranel Positih S gt coPEAiyp of each
e%?hﬁﬁ Tfn@ibuféiﬁ@@ ﬁew&é PIR, 95}% ’g’%(ﬁilé’o éeténﬂﬂlé}, tB@Ioc&tio'f}l of the world

he system 100 |saso su ct to error
1pD sihichomai ibg definechby i dedjeatéds)- fi‘ahﬁs asl caft @efies b slaeglai hegm or frame-
xra rce 1 a |II rated i.n Figures .4D and
ojreferpn o L#éh% ? gg‘% rilﬂee‘é’("t%i 32 g, 8?“%%‘3 ggmprise arty/component or
ﬁ‘ﬁlﬁlﬁ%ttﬁ’dt RE ¥uﬁ&r&1@ﬁ \n%Rg %s'flgﬁﬂ b 1Re18 OF vidwP Bf \ﬁ‘eé E‘xt&lﬁﬁl measurement
position of the co?respon in X-ray source
dedsasnidd. nHenozaktruddsret tieat ard aestl deedy to omve lve deﬂeayas a result of the
source 130 pass through_the patien ass g I ocatale
systAps L heanaaomiprige thewedh & O HRR © figmal measurement
dé‘&%gg 112, this distance may be dlfferent t han t he
istance and in this enbodinment is 15
appr Axiardf ehjchagudhclhde @neorimpdre msarkdrs 122 isomoved within the fields of

uncertalntylnthetrue position of an i 12 ca .
Vigp; W6 oriBrxtatnal measiemend deicen 24 itfelip SRR FTEHER dovices

13484 %frmiglf sull ﬁﬁf muitibte Eﬁerﬁ%l' AtasurSHeht ddVehe®f124 B8 this embodiment

I mager respect to the correspondi ng x-ray

“atdedst ) hdds amsb]wl ih tlesacties mes of the syegn 00 dt their fedd of view 126 at

i mages obtai ned by inmager 112 to the DRRs. In t

Ay gHen néme,, thepeysiere HYF coelpish, the ripd me}l@ﬁné%ﬁl@wdaa elgepion and
. ; 0 2 har

oASh Ry B0 KAP LA Hafu W20 SR L ke

cprsiivd gaieg @icht that xhd ayuitisle ugerhal nileaﬁlwmbﬂt ﬂdnaces 124 provide
position of the correspaondi ng_ inager(s) 112 azg, ned o
indenensent | ocatv@sémdoweer@%we%‘@nmtmth@rls HLigrecsn ek llovping calibration.

TROYE 6 I USLHIR BT Safific | ol PinAbl SAEBNevichl 124 are

ray sour rors arisi rom novenent

dépbiext s@iheR QiR k3Mive &pacmg dgaauiemcat ofidigating@ane kachegther and the
and errors due to interpretation of sagdz and rel ati ve
worldtl3ces well TasCille gperdpsteTEGtam  Oued s@ide PR (G ra1oEs particular

appﬁﬂaglon% &%gv%g%rr\]vﬁﬂged gﬁrtéo I%chﬂd c%r oddmglﬁps?cﬂg e %ﬂdltab[rlﬁ also be

appreeReHdNBMtin cbﬂalﬁrabgﬁca@uﬁs e @EBA%n kRl BUK6Ed 13l f be repeated
approximately 10 mm As these errors are random and

if bnelepearkeef tha syteord oreagireinerd dswiges hifsopuedd dpng ypoved following

calibration.
Following the calibration state 150, in state 152 multiple external measurement

- devices 124 obtain an image of the object(s) of interest. From the images obtained 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
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additive, in this enbodi nent the system 100 al so
conprises a plurality of external 30 ngasurenent
devices 124 teo eval uate and facilitate cohpensati ng

e e WOROSABIE errors. I n one enbodi ment, the systpar/ifBo4/026079
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al so conprises nonunents, such as markers 122,
cooperating wth the external neasurenent devices 124
1365 thtaysiernni(E gaiculias AB, pofntaindspace Wiere Tde \weefprs 155 (Figure 6)
2005/ 018734 PCT/.US2004/ 025074 ext er nal asur enment .
AdhEResin e dARHTESeh MENLASIERTATTI A O RREIAogRY jpeation in
i ffsretlecBNAS Ithi @B JbfboB BRE&pORdiNN & Bultiple vecto
Sph%?ﬁ%i)%%ﬁeﬁts o!f: Q{lﬁiéd gjy?gtfsém 10051353 [ ndjpcatug% byu %ph?e sem
intepseutirenitshalocavirinl Aashooigeahanbeen phovidad Wilnthreg drsndig novements
also referred to herei(g as the "world" 132. [y this,1 I
ole FSBATrERe, heYeshe ik capedlsd detrEnipeq iy duge-fipposional angular
| A i VAL h&Sf teUadyRBalGNERers 122
° |5g|&t5 %I%?ggene as%%%%%lﬁﬁ%%%ﬁgfgh&elg%tli on and 1y rame ‘ers
ask@tis] @ith 20004600 Mz thistinplemiendépe ribkeerttbypabipezsurement devices 124

optical images of objects withi field of view 126, .
CORFIIER R OB R @ anbsp B gitfeRent deyicgsoan be used o image,
e.%g fbEgnhakley %%J%fvtgé tldtAedts wilibgt %é]%ﬁ'ﬁﬁ‘gﬂ.ﬁ'om the spirit of the

asurenen evi cés 124 conprising digital taneras are _
pré®enBivehtdn. Y In awaichiah)| devides rthatxemniploe ressiveoslparmemgsetif or audio
the Vicon Tracker system from Vicon Mtiqgn S}/stgrrs
enpigy incdpdingpisib MR ViElle WRHHERElh, enprey P afira-Sound Can be used to
im%gPS’rd'e'Eé?ﬁﬁn%mé RRafdtt & fdmonfRaRYr ement devices 124 can

conprise lTaser nmeasurenent devices and/or radio .

| oc athiedBcatide \tind esichtatian difoimatioh aletrmarsedafior dlet ehjerdtis provided in

to the optical caneras of this diment. Int

b hj
staderd Qi fsriise toh Ehenysican s10Pgs @sw%ppci dosgrRar; dgfert %%‘Pﬁ y I one

f i i ' ' ;
e RS cal AP, SRRSO Ayl o mini
ant @8i6ivs tiy SetefBl detosdct@thing thefdbjeet]s tavatia n statepdhBntS4pfl 56, and

the system 100 of interest and are ,{)referabl pl acetﬁ
1604 ey §.bmm gad erieptatioprio SABITO-L8 ANt ErRRPSY SN TBATE tan 10ms.

nor. . n| c.Qr t ' !
MRLHED ey BRSSO alEpst il 124 cn
colnpAsd 14980 nubigemalt aBace enlenlocaiton dedcds2dr bthee davices that can

gi ven conponent of the system 100 and 20 the, . .
defsoping élpr@wgg Oﬁéffé‘@?% fromizhe picternal I*rl%}lfémﬂf)@e‘f%eé W24 Hppddition to
.i.none. enbodi n :
T D

ceddih lehdbp di@nf H¥ind® exitirid Ghitastiresent dvvideol 2Mh@nsdest@ineliidh range
~to enable the system 100 to nore accurately determn ne
and direction to the object to determine the object location and orientation. In other

" embodiments, the external measurement devices 124 provide only distance information to

the object and the object’s location in space is determined by determining the intersection

of multiple virtual spheres centered on the corresponding external measurement devices

124,

In certain embodiments, the system 100 also comprises one or more local position
feedback devices or resolvers 134 (See, e.g., Figure 1). The local fgedback devices or
resolvers 134 are embodied within or in communication with one or more components of
the system 100, such as the ganiry 102, the nozzle 104, the radiation source 106, the
aperture 110, the imager(s) 112, pat_ient positioner 114, patient pod 116, a11d{or world 132
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the location and orientation of conponents of the

system 100. Thgé ‘markers 122 are provided{to

facilitate recoghition and precise det ernination of
WORIHYSETHi on and orientation 25 of the obj ect BCH/S2004/026079
whi ch the markers 122 are affixed, however in other

' . I h | .
B ERRRs 0FieeS (L BN o faPRegD cbr ot B hiomcetrins to e

H86RMeD RofMPOHETE U Sthe @PREH S1000 1 NAKRES @ibodinfenB RS local feedback
contours of objects, such as edges or corners,

davings L84 ngmphse olasy emodes, Muieahaunoderseseofost hieotbsit positiin indicators
rkers 122. .Figure.5 illustrates one odi nent. of .

BRAF FmmRG T e WS oPuRteR i R Ioahy e of ordinary

Sl eiinataroTheflodl ¢apaRanlicel 1%1‘ Brovyl ﬁﬁéﬁegﬁenit Zsﬁiﬁﬁ‘ information

conponent (s). of interest can be the gantry 102,
thefzeanebel olizedply ther eysten0 10 imgeditiv 2o thorihfprm@oroprovided by the

e I
VO 206/ Ldi8rA3rooPEd sagfdd, IQIIg ggg P68l 8C0prbQkioh Patient alignment

obj ect can proceed in para or in a series manner
sireiem 0 twip¢hecroploge ths locaFoh irdwinragion pstaddd iststete ] 64 for the object(s).

25 Rlbratp® it Bl B ERiosiew, hsamenl soyerh 2P D piphintios sqppand sud

cBARAmAdde BOE HREhRichERs With 4 88 SaLDIR! L0Rest ﬁg'fgtration module

the system 100 determ nes the spatial position an
Z8bgistaafilep 21 rmmbiioncafrobmolinlb 283t ;esafiey modakldnant a user interface

vice 124. The system al so determ.nes the .
21 _ﬁ{le At apanidhyeem 249 %ﬂi‘&%qe%‘%é‘? BpiEPBydgd by the 6D
P g b IR R AP SRRk G2 P 4% i th patien
- posinoneofl 14 ou rclBgvec dysired éreaiment poseasandicaied by thiaupiesoription for the

that is. stantial|ly fixed within the field of view
P?thenm’é’vééag?’#éq Fpdlsiethent devices 124. Hence,

strugf yre §rtn%2@l%jgﬁf, nd8h }?}8%51 Y04 Qe IRLE ggi%iﬁlzfd{%%ﬁr%ﬂ%g external

result of system can conpri
measypanent devicesel 2 anddfeont tre retvdveex t 84 reddtingeta shy enent location of the

deyi 124. A wand, which can include one or nore .
»H?F&)/%ﬁ‘ﬁi theygperiurg 1 dheymagen 1{hdhe paied pasitionsraliAy syl gptient pod
I ' sl
1S G 58 08RG R S Sl B B 6 i e
world 1Bl &hefitxed haidnrelas or endd) 1 3eprioeils alih-thoving Rkigin or frame of

nbodi rrg;t,_lS at | east. two) have an object in the
TeLRENCH dfoqhagiitals deframingtien of 1the popition «ify the jrapng feompepents of the

ol oI, i B PLASHAIED L iy o
position measurement system 220 which then uses the observed data from the external
measurement devices 124 and resolvers 134 to calculate position and orientation
coordinates of these five components and origin in a first reference frame. This position
information is provided to a 6D coordination module 222 which comprises a coordinate
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 conirol with path planning and collision

avoidance module 212.
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orientation information from each external measurenent
device 124 apdjdeternm nes corrective factors such
that the nultiple external neasurenent deVices 124
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information that is in agreenent’ foll ow ng
calibration. 20 The particul ar mathematical steps to
cal i Degendinghen dhet sagead! theguticeimessistraiéwi aub thepapy adelivery process,

orBaR ol o ramy alPORGH Fuan dR 5o SR Alsa the g, system 204
fot 32posBonBlghe R RS OQH oRBRaiorS be MeUnemtiaN éhé@y system 100.
vary anong particular applications, however w || "be

Otherdmodtles df thy petient efigronalit systam 2R0 bdn alsp prowidgcails fotthe 6D system
ill _also be .appreciated that i certain ] et
20?.0 Sqhc 3% o ReordRlE TR APBts  ATIEh 1500%Sth Pigally Wil include

suBGidsRRER61iER dhh 107 %iv%ﬁ reBohath Gn8Xdi8A@lof the reference frame
measur enent devi ces I24 or world 132 is noved

infelbiblottiendpta tsadubimitéetd and. 2 Esirbdfiamg ofvefersaté whishi the calling module
state 150, in state 152 I tiple external ,.neasur.ement .

wijheh oEvEA* GBTkTh O REGENSE Mo T3H] SOFLLy oftnSIORH request is

subPHRIE$S - thET QB difiRe 1RSI ORbahResh4 RyISéRtRrfodd? thé Npropriate

system 100 determ nes a correspondi ng direction vector
cakBfations tpen thisjselmitferd data3n thagiver orfewspofiging gne ieasiems the data

il eSS e s kSRS e 0 o gt o

- é RRas regpondi ng to the external measurenent
alt ev%&%ﬁ@%@d whi ch have the object in their

r es et ekaraple] ht deligfonthewpylSstemTH®nmay detenancethati@ovenygnt of the
2005/ 018734 PCT/ US2004/.026079 156, the system 10
padgplcopier He oA OpaeEhRorgsioh oo deiits 185 xemple, o

kS0 P R B S oo e, s g

z-8pgead apoditivee! ratative dbout heemival akid 32indiamtedt Hbhip ldptacwould be

subEiodth 8o SeORInals FAPIBLBENIe 724 e B i Ree et Hpon the dsta
t | ; t

to fg%'% cgﬁeﬁmﬁrﬁgg?ﬂmhs c(?HJgJ'h% r gdé?{ i %%1%1?1’! 8&5@0&%‘ Sl18MThe exact

can also erm ne, nsi onal angul ar
coordirend ataneformbticns ewdbjvest ibypesifit Uatpiempenidtions eifathevsystem 100

| ocatigns of the individual markers 122 .assaqgi ated .
deppndips, fr e3ppRie: on e exapt §°‘i’-¢$ﬂ‘%tmatdi“8ﬁ}s“}“ﬁ Q?ﬂaftpgﬁﬁrglposumner
1 12%’?& giieergﬁﬁ&/e gs\rﬂiégfgf &ﬁ%ﬁaﬁeﬁ?ﬁ&gﬁoﬁﬁr @Wtﬁ%eésg@&‘%@ ‘gﬁ{e{) components

eren evi ces can use

of iiegetem BY. Howletes rsotineodrigate amatfonns canfbet teadily determined by one

non- anents without departing fromthe spirit of the 10

of grdiwgey; kil iy Eietariler 2 paripwlag PLPAION: devi ces that enit or

rec %ih\é Groifb S hORIPH dGisRin 3&%5@0:1 of the motion control module 212 by

providing specific object position information upon receipt of a position request. A

* secondary position measurement system 230 provides an alternative or backup position

measurement function for the various components of the radiation therapy system 100. In
one embodiment, 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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is provided in state 160 for use in the system 100 as
described in greater detail belogw.  In one
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124 i de only di st i £ :
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Thg %.ﬁgge'}" 11h g ogé}gxéfd&t BFSBf infRmaén WHHei 4D eystins LOAs well as to an

pheres ce on the correspondi ng exteinal . &
imiRAGYheeRidulbedAse €khe ifi2de cijitureanodiln 23 Rs BV ARG I gSR Slata trom

tem 100 al so conpri.ses ope or. re. | ocal it ]
thofaBabIe Bemagss It 46 Yenas P4y Hicige, Gfboste Rbirtcton, scaling

' 'and;%rgp%i%g 19 }p@)&?&ﬁ c{oﬁ:@&@@ﬁﬁg@ QMiaQ6 B rogistelion agoriten 341134

I'n or In conmunication wth one ar .
nor g gaseaibedinenafthe Cedaty shdirgoes0m, intepdigle RTpgessing siep via a

tralgﬂaggprl’lgﬁég‘{%m QO%}%O %‘L zo ijggg@f@]t:% gt)h{ai ’iE?&aifgeg F.lilté gtring &aﬁ&ﬁ which dare
R BRLI) 11 danl BRermelifate dat
RSB Ry R 00E s ke e

repk@@ARAGK afle Vicese HRsppedof dencrzitbmpefiaBRS. Jdsiregigntion algorithm.

information relating to th ssoci ated. co :
241 hees by StaapETHTE, therToplmes P %WHPEJF“ RBRRE Mot brovided by
f &§dbag | : beS Bath G ¥n & NEQREES 112 ko datermine a
theeﬁ?c?éf%? ,2(242%{1#/&;2% c(])o}%%tt%ﬁerﬂri’iEl %g?ti on i ndi cﬁagtégo(rs t hat
regdi6rof QOBE il inforameibn abpevaled tolibs cowpendend goptEol jepdule 202.
under st ood by one of ordinar

* The registration algorithm 241 attempts to mgtch cither as closely as possible or to within a

designated tolerance the coirected image data from the imager 112 with an appropriaie
DRR to establish a desired pose or to register the patient. The command and control
module 202 can evaluate the current registered pose and provide commands or requests to
induce movement of one or more of 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
Camegié Mellon University entitled “Tterative X-ray/CT Registration Usi_ng Accelerated

Volume Rendering” which is incorporated herein In ifs entirety by reference.
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utilized by the system 100 in addition to/the
Whzo05/M8034on provi ded by the external measur epEntis2004/026079
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on. co e 212, a safety nodul.e 214, and a ..
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dimeusondienaiie} dite whikh @matsdnh pogitidn @nvizlopbs Qa:fmeﬁ iby rpessﬂﬂl& fmovement
éo achi eve a desir treat ment pose as i ndjcate
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dekdited, AkOimdoly 41 $s REROGHIETRH 2 iHen&L %Mﬁat £40%42 111d10ates the
recer ves posi "tion data fromthe external — measurenent
enttelope @5 vhRvna idsiface throlph whish|the irsagk84 12 elantmavg depetndieg on its

current | qcation of the nozzle 104, the aperture 110,

Pr?%?@‘?"ﬁe@@ OC]‘f“il.?n*“’the patient positioner 114, and

Pat Il ot Bl P REmEREsi@hlator 244
nor e ig<ed an %a%?ﬁs 1 %l%%?énét’lq%sin ég;fu:rihed-‘)bmast Aot

which rebeik@R . dafeth ofai the BD andivbdiks m@iulmﬂ#ﬂ dnd k3R qalcolatad movement
a ngn-npving aorigin or fr reference to

simulafipns 197 the JeriapniommoneHs gfmﬁ? rslighion, thergpy ﬁﬁt%@%ﬁ\??%@on this

. dafaQ RO St ?EoJel?x%nt LAt bh %‘ocf(niﬁbe‘ﬁ@cpiére‘i 1512&%&9951 {BiRrt with a

ocation information 1I's provi to"a pri

* copgRint AvoidaneamiothalisenT0 as yikisgme? 20Fighiecl?. thgnreﬁ@amhﬁustrates one

n{ﬁ)bserved data framthe external 25, neasurenent

edire@d of the opgrapen of Vet 6D1538!oR0 204, i it s smppdient obtains

1001 HSHEALAR Be nfeOREABAY 6 ik 1192 G0l f04 et Pakioner and
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rginin a reféerenc rtion

paiimftq:roﬂanlzlomd $1pnpwictiess the fixed Duadroarils oatvoakl MXulFegure 12 also
222 which conprises a coordihate transfqorm mdule 224
illygiaten nibab ping HHs i grpodiverpbe 02216 feehaclke 3p ratlisiade from resolvers 134

coﬁ%s@?%élﬁ%ﬂ]{ %{‘#ﬁ pg%‘hoﬁ i A %ﬁlhato%lg"foh th%‘nﬁ%éerhe SiPthe angle

of terpammgl 16d control nodul e 202 and the notion control

5 D i dpoReiaa arovided to e collislon avsidants module 270 which
gathers the object information in an object position data library 272. This object data is
provided to a decision module 274 which evaluates whether the data is verifiable. In
certain embodiments, the evaluation of the module 274 can investigate possible
mconsistencies or conflicts with the object position data from the library 272 such as out-
of-range data or data which indicates, for example, that multiple objects 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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PCT/ US2004/ 026079 Dependi ng on the stage of the
patient registfation and therapy deli veryipgocess,

jul es of the patient alignnent syste n
“&gﬁ#’?ﬁga |s to the 6D system 204 for a posi ﬂéﬂ%sfo%mzﬁom
request of the current configuration of the radiation

L BEHAPY,SY 08, hereRatstROD90 is performed
oL FRIEPYRPY S Bk 0055 o A0 PN S S04 MRl i potome
follosed BY 2 relidh BUkdas rarie@bsthaaljecttposition datelibegy gsmodule 272.

Such a request typically will include r’rég? SSi o

of ..
| ocalfitehepiiagiopwiataly Y s afgplKe e F41G s Wwher (he collision
i ndi catian t S 4 hdho etk dldacrHRERd nBjectories
ARIBHCY Plé’gulaegjg Oamgga?%s:%ﬁﬁ\?%%%{ 0 ralc?l rence V\hiepclhﬁt o _
alB pldvities NBRUEAculies hefrhaidhawe al Reaipesot safe 89 avhich determines
transforned into. This coordi nate transformrequest is

whefber aucent teretdf dhe ol eels ABERTRIVERS 06 {1 TP ey e 100 are
td@ﬁ%{xﬁ%{ [ﬁ cpt:n hgyag{? ; Lo%?%feﬁéﬁ poit) ﬁﬂagm@t 'e.%’T]Sthé{HﬁQ C&lﬂ_‘@ﬂt locations and

Y ven retgrente frane an
ploje e 16 eBort ot predenit Dodllisionl @siardh flesprer wiuse state 282 follows
reference and returns this to the calling nodul

f
durire whith mevemantiof throne of yaore serpRRRenis of thezadigiion theggy system 100

.radiation thera tem.10 d i dul

1sn'52\9g fq coptinng éflg)ﬁbcﬁ%/aﬁ%qﬁ?nd rgﬁ:fglﬁ% Eoe?}%li@i\{%gseﬁﬁﬂfcg él%l‘(e)ldlgh modules

210 290178Cid (Y ah @98 BasShdiched pat i ent . For exanple, a 15
translation of plus 2 nmal ong an x-axi s, n

us 1.5 . e
al ongowevyeraifitbe rasulic hbhgevauainp date 250 &e afjve, e.g., that either

ositive rotation, about a.venrti . AXh S 4 : ine th
of bttt 86 eSS A A5 it BT e bieREY BedcStopcs would bring them
bR QS1HEBR Be Lyt hak B Bk uike i2ddplwhesbd witlilthe fdutirecovery and reset
operate upon the data to return correspondi ng

statey @86 nndc20fireptlewing ashprewionslyrdeserdd | dhas: the pollisipn avoidance

_ mg @g,t%?P C&?Ig{}%:tgﬁtg%{i%{o[%g ér%é}??{/siﬁe%ﬁ] 3 Qé\ﬁt&é !%réilagﬁ%jg "Lyaluate both current

algﬁﬂéﬁqfeﬁ%maftﬁhs ¥R R vBmedtNrdifRorepsasTtmoibld guifpdriens cdiihle system
[ sions of the patient positioner 114 and the,

106 k@ trhivigatp osassibbn colfisione bekre dhay PeIt 9loEr cven4injfiated. This is
- respect to other conponents ..of the sysi. 0 :
dgaBgors Sotimuons FD oo o RERMEE Hlgempie by contact

SWHEIHEE WLAE haY nRfien . RfonChdlivadsy ofkbtbp écbdtsctaswitdhes, hich by

particular application. The arbitration nodule 226
thamiséls¢ssmanbe prdeduatentogirevenbdamsge oo thromeyiBE cpgoneatswhich can be

- by, 25 providin

:rei?@aﬁlyrléfg@i and szxpeg i\{i;iggc Bi%?.{ﬁgéﬁeiggéiia;iolo goeiglge%géﬁjw "% a user or

P R up posi 11 o easur enent. f unct i on

for Abemisg fattheabigedmentemsintHatioragiodule 344 ph erapsipting with the
c ; S'érg ?g&@%ce@g@@?n%gggg@g%e ﬁtgg éﬁeggldfcea%e%n:l%g{ré{ngn?ss IVHI Wt pose a
collision risk, the actual movement commands are forwarded to a motion sequence
coordinator module 246 which evaluates the indicated movement vectors of the one or
more components of the radiation therapy 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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conventional positioning functionality enploying

predi cted position information based on-~30 an initial
posi ti on and* conunanded noves. in one ehbbdi ment, the

WP 2008018780si ti on  neasurenent system 220 r ecepyBEBS2004/026079
information fromthe external neasurenent devices 124

and the secondary position nmeasurenent system 230

r ec eAv peevicndypedndiondtd, Mﬁbmoﬁ@bmom&mmd radiation therapy

PCT/ 004/ 0260 nfqrmatj on f he re e 34.
SSLeH, I CIOES (OTept JRBRSIonaand ML B LA rameters
mﬁ/&%%aago@ﬁ@aﬁtee 286, iﬁe 204 1958 Yo PAS ﬁﬂté?féﬂdﬂfg oS ¥Sis®M a motion

for the previously described advantages of
veptsi i1 onifing &emer af yreferahcs pieted the-iagmopridi® fdftraster fites for the
I n greater detai pat.ient registrati ule 206 . i
Cesp s, G dHEnh of dﬁm%&%th@ww@st% P ovics, Sefrote, in this
el GibRaHe %éﬂﬁgrfl@@ 1§¥%§aﬁf@o%gﬂbcﬁ9fs§'a&§ ﬁh@é?élb Ise rotation about an

measur ement' s vari ous comnponents of radi ation
axih mhalmys thestatiemt fiGitionac | Lidispsitineablé absie degrepadi taslational and

16 and t nozzl 04 and determ pes itio
Pl mayatenh Heefigs and &5 eI it GG e SbApgrence for

#agﬁe ot 4 A eﬁ{ﬂgf : '%},e la$ilability of
1 nlérg\ﬁ/lllde |n§d00§ﬁt|on9{é ring to th é}gfllhgtfxéa%&autyo
exterediymarbsuped Seaiip iinfrmationl fudi theg vahieud k:empmmnts oplilsen radiation

and CT data previously obtained at a pl.an or,. .
therapis eystem 16, tag scfign stapepes pordpger motyig 246 cah efiviently plan the
r at a
B G e e S AR R v e
I oczﬂlglma 14 rifh st |a0ﬁbrkﬂ0Wf®Enﬁﬂoﬂ)lﬁ)0&iﬁoﬂ@énﬂﬂdﬂﬁint ofisperation of
an, image capture nodul e 236. The inm a ture

ﬂlw@&mﬁen SheEanyeeieme 00 s nTe Vidgew ila the HaFl%‘ilﬁa entriygfem 200. From
a did Bl 385 OFRRNE Sarl [Heﬁtlﬂ?lﬁlgn sﬁlﬂé:%@%vﬁ%élﬂ thd Iph%fchlﬁxg patient and

exposure correction Cropping't
trepinooni gertadan rbeqiredde:mﬂgée]ﬂﬂiea H@lﬁs rfe]gmvsﬁd by b matment prescription

'algegrlthm%l In this enbodj nent, the CT _data
re

shted0aAnd fedfpmiicatien prdbEeErHPreTEption 56%6"&1 of states 304
ol 308581 0B O AR 16 ol ISR T of ot

210editstpatitatos thdrg@pbiéchin A dmaghiepdsitnsigrapasiang dartering into the
iinternediate data representation and increase_the
paligné pad 36 gad aptuptiopridhe prirat pq%@neééi%fq pasiin the patient pod 116

o I t
sedtiifth¢ filenth Gk aplFERA SRR Blkne, | Bfic BAER] 16 mager(s)
112,hed GRuisyet enrce(s) 130drd dis povéEtadmagRggosiaba if som312 and in

the i mager(s) 112 to determne a registered pose
staigh] 1dthe KfraY fpagiematis ppesgictetre deterpiacd anpiigualydescribed via the

9&%151%04%"1‘0}%% 81 ‘external measurement devices 124, cooperating markers 122,

and resolvers 134.
In state 316, a radiographic image of the patient is captured by the imager 112 and

corrections can be applied as needed as previously described by the module 236. In this
embodiment, two imagers 112 and corresponding x-ray sources 130 are arranged
substantialty perpendicularly to each other. Thus, two independent radiographic images are
obtained from orthogonal perspectives. This aspect provides more complete radiographic

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

“embodiments, multiple imaging of states 316 can be performed for additional data. An
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The registration algorithm 241 attenpts to match

either as closély as possible or to withi [’fﬂ?
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modul e . "The path pl annj modyl e COMpI ihse
as Wisbha pgticst posifiersr 1df f FRIGI] ORR Rt g B, iR Rafdated pose.
epresent position indghy RYyspassiehl 204 to externally
Fo ‘@’@ﬁe 5e %PV?DP%I %as‘?ﬁ%gégg%ﬁ%o%@ﬂtegggf t hg@r adiation .
mégﬂﬁé 3RY i® ¥iteedB 4 R0connlte audamlyze ths measuid poijion fo determime in
es

: cribed, the imger 112 is retract.abl d .
statnal whiether thedesizsd patient ngpe Btsceeh pehigrrw P e dgfsed tolerance.

vol u i n_space._thr. el i LiLnsiaRt be@sheachieved,
H%@@B‘éﬂn&yﬁ&: e F?%Suaﬁl?lgé’g%p@én%uﬁ%f t:hg? gfgé grsdt nT%ﬁ%@pat h f:te he
i &e 24 Qoptancoeme e sompush) trgpsferpatt into {h
Stags! %ﬁ?aftgg?ﬁg%ﬁh a/hi cﬁ recgi ves data fr the,3D :
apprapriateticues o 4oferene doin TEtiee YRRl b s BT 162 4lvor patient
si.mul ati o for the vari the patient has b
Poflgﬂ%&léanﬂber Wl%gféﬁ%%égqgaseg ugg’n&%'hF%el cd%af aeTl o e

| saﬁ&%ﬁ?h@&ﬁoﬂéﬁ\{ﬁ HResisddpdsattherdmton tiergyarastion éreupblpd in state
' WOr ks I- (o

oncert with a collision avoi.dance

I iptt erdullri(:“tions it will
342 70 acerdantarwithdbepationt' sprrapdptiop.  Hor Gefian palchy ArypcrpHons;

e 2l I PGP il 0808
treatment from a phurality of orientations and that appropriate portions of the method 300
may be iteratively repeated for multiple prescribed treatment fractions. However, for
simplicity of illustration, a single iteration is illustrated in Figure 14, Thus, following the
treatment delivery of state 342, a finished state 344 follows which 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 290 i-s perforned followed by a return to the
apprpdad pleims. eval of the object position data library in

nodul e 272. |If the evaluation of state 274 is

affirmative, a state 276 follows where the collision

avoi dance nodul e 270 cal cul ates rel ative di stances

al ong current and projected trajectories 5 and

provides this calculated informati on to an eval uati on

state 280 which determ nes whether one or nore of the

obj ects or conponents of the radiation therapy system

100 are too close. If the evaluation of stage 280 is

negative, e.g., that the current |ocations and

projected trajectories do not present a collision

hazard, a sleep or pause state 282 follows during

whi ch novenent of the one or nore conponents of the

radi ati on therapy system 100 10 is allowed to conti nue

as indicated and proceeds to a recursive sequence

t hrough nodul es 272, 274, 276, 280, and 282 as

i ndi cat ed. : :
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However, if the results of the evaluation state 280

are affirmative) e.g., that either one gf jnore of the
obj ects are too'close or that their projected

WO 2084 es woul d bring them into collisi onfCEHB2004/026079
systemhalt of state 284 is.inplenented with the fault
recovery and reset 15 states 286 and 290, follow ng as

WHAVISOOEAMEESISr | bed. Thus, the collision avoi dance
nodul e 270 al |l ows the rﬁdi ation ther agx%_system 100 to

pr odet i vel jRoiRn therapysistrrTy SYSER ORI S oj ect ed

| ocati on%sgaaﬂgynovenent trajectories of novable
conponents®of“the system 100 to mitigate possible

col I'i si onsphiehofieationelvice configurediie sewena patieni atithdrespect to the
This is advantageous over systens enpl oying notion

st oppstieitifygipedevidyr exanpl e, by contact 20 switches

whi ch hal t 1 on.. & - Act | i e so as to
R - e e A Sl

pr evesitiof drpgeichtdidation doritengonpmpiationsl ambiabticmhatrs within the
relatively large and nmassi ve having significant

i ner®®REY; or to prevent injury to a user or patient of

the system.,Assym | and selectivel
Si mul at 1 onraael ey 28k Bl PR AP Haicy and Y
col ldeBi@mgasdibttatheappaohea BZon bxidj cat es that the

i ndi cated nmovenents will not pose a ollision ri {ai“ .
the actudl Phovidient ewhthdReaPEmes) v&%ﬂﬂ‘»&a Yhich H% pposition
> S Teme e B?'étri?zfs%e ﬁ?&éﬂt gf&t?cﬁl $EGng iR et S arddhe

movenent vectors e one or nore _
conponentygoffroltd eviiddicadiveantht pesitipy nseystrenentO6 aidast the patient
sequences these novenents via, in this, e{l‘bodi msnhé .
fi véixaremdevded o thoaeaziesand propides piioh Fignglpto the patient positioner
trans| ati.on, nodul ; - i 1038 bR axis.
t r afSPAYROG %%P%%%nggl arzréoe\(/%gﬁ(g g’fl&@éﬁ%‘?@l ¥%§%1t gqgr oVl dea}él1 °

ref er encahefgystom dfaCiaing QpwbRebin eicceaanal meamement devices obtain
appropriate to the patient positioner 114, theogantm/ .y
optig imagrs of-at dgpsisibapedent Foxatiom deving gat thempzzlg Agy opfadn the position
" nozzle 104, respectively. -22 r WD 2005/018734
MESFEFIBB04/ 026079 As previously mentioned, the various

noveabl e 1eeERGGE B Elph 1L Hertiierdbmbiising ahpdurality of syskemfixed to at
100 can assune different dinmensions and be subject to .

leadt the gatient fontion devipmmenibe avogzle srherein dhe ¢xigaal dnpasHrement devices
modul es 250, 252 6? and 262 interrelate or

obRRHTPOR RO Of lsofdfer

in afirst frame of
r ef @r encehi NySednN6r AMAKEON | fRdeerT drggsnge af teapte ohorlotdleposition

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 fo

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 conirol
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5 correspondi ng conponent of the radiation therapy

system 100. For; exanple, in this enbod@ﬁant t he

gantry 102 is capable of clockw se and * /
voores/ersalockwi se rotati on about an axi s wher paEUS184/026079
patient positioner 114 is positionable in six degrees

of translational and rotational novenent freedom and

stoliM§ (@ BRN-8 URSpaiBfosRiotil z{nﬁrtﬁé‘?atfehﬂ%c@ fsobh@riRaGEddsRED patient
novenent conmands as conpared to the gantry 102. By
pheswidyresprst tovihe natrild.i ty of 10 external |y nmeasured

| ocat,i on j.pfornati for .the varjous,conponents of the .
radt &t i on T RETERPTIERE 1 10 18 RAER G ACBSe Cotiprises at
1QUndirtabQapHIPHHA R 246 can efficiently plan the

novenent of these conponents in a straightforward,

ef fi 8i ent Thqdysteth @f iinine, whegly the Iphtipit] insgingt stem comprises at

wor kf | ow or et 300 of one enbodinment of operation
Bt o g oy Sainek s dsrek a0 B SpEEHETSET oy ovi fed i ¢h

the pati efe %%s't@ﬁ"g?@aﬁyﬁtvﬁﬁréﬁ%e FARI intai st is movable in
state 302, follows an identification state wherein

andmit pétheiboalnaxispat i ent and treatnent portal to be
provjded is identifjed. This is_fol|].oned hy a Co
P oot Gront T a6 bt Eiin 5 Bisbretn, e PeliGHaegie dysterp btains images

of BRNbdtfehe FohP P df ¢ [deRREARAE B BREL nRlise N eke@bainaB¥Al ofOhe target
states 304 and 6 ‘can be performed via the user

ispeenrf ace 216 and accessing the data files of nodul e

210. The patient is en ved to an.inmagin osi tion

in sthte g‘fo Swenérﬂfew%_ Pt e 05@%& Pariflof gieasigimonts and
praPdirAGhy ﬁ&éit%hijg% i@ B g%dlﬁflc‘)tgh@ Patlcht pATondrlid pbormed iteratively.

position the patient p securing the patient in

t he Bopr cRiengysternpaf<iivinoh, wisrein theegioagle 15Mméergpameetyd t0Be gantry so

[ ervgg‘) 1%2, and_ radi ati on source(s) 130 are al so
asﬁgggae ahle 3 fgargfﬁm_ﬁfé@f:fl}t?fn in state 312 and in

statg 31413{ A stéid &yCIa[ﬁ?gQ,thé”rﬁnsth@ %@éﬁ?ﬁ%ﬁnﬁ&@m orientation and

determ ne previ ously described via the 6D system
poRidién e diffepgricagvdcher mebsrethlin ne afirst draprt ofl eviarewe 10y, the exiernal

mcolg@gegttl iég‘%gerg? oy rggpfé%%iscthi% %ggr%géeeﬁ/gégrgﬁq éﬁjéqsé One correction

vebdP flﬂ[ Slohy erBg ggf@&%ﬁce]t&_ oﬁﬁ?[;/ thg gyﬁﬁﬁﬁtﬁi g@giﬁ&it?ég éﬂ%e with respect.

appl1ed as nee as previous scri be
to thechebm &B6. In this enbodinment, two i magers 112 and
correspondi ng x-ray_sources 130 are arran

ed . .
subdftant i eisystgargdrait L avheeip dhealdlrash Ope Forreetigy vegigpinduces
' [ Bﬁlgp g s are 30 obtained from
théolrt %ggg‘g‘l%‘g:e%gkﬁg%%i%ve .S%?%Easpect provi des nore
conibet e A gatiagr ppdiiiching R@ani fokos madibon thaapyf symem having a
single perspective. It wll also be apprecjated that .
plyrplity of caponeatfbafianebicct iouneYomeat ithaRASHIPRIS ytgneemprising:

316 can %eplﬁﬁﬁifl)? rogee%teﬁ'l%ﬁ 1%%L$eﬁ%ﬁﬁlde\qeésaaﬂﬂﬁed 43 obtain position.
measurements of the plurality of components so as fo provide location information;
a movable patient sapport configured to support a pé,tient substantially fixed
in position with respect to the patient support and controilably 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

27-
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| WO 2005/ 018734 PCT/ US2004/ 026079 eval uation is

performed in state 320 to deterni ne whether; the

radi ographi ¢ image acquisition process is conplete
WANosI87Het er mi nati on of this decision resul t BCEUSH84/026079

in the negative case wth continuation of the

novenment of state 312, the determ nation of state 314

and biipoftajel Migd Bk FitiRhein3dGlegited peliecatchdharr thewpesitioning system

affirmative, followed by state 322. 5 In state 322,

ext egomapensees o svanentafshardrrbiy i §OBPORGEE- 6D syst em

204 i ousl v i b t ennine i i _
sosi f1:ont TR AOSRPERE SV ORLof e o S it ShEpaliéht in tho
aefirel R8s éﬂﬁﬁs&@ﬂh%@g’z %%x)aﬁaﬁ b@IPoAOAitly fepdch & patiiedtlivery aiming

regi stration nodul e as previously descrjbed. In
peintthen@i avhichothic sadietomsherapy vitemalirecisggadigion gt at ed

to proper al..an_the patient. in_.t esj D0SE a1kl ;

i | 67hot THeButdek JrBR ikt 16x AEHEF SpEse3 et imager
systeRAWBEE Jbelihy QhYimdeRi §f tRTPatknieAll | tatpst riad-eshtdrhatherein the
In state 326 sonme degree of gantry 102 novenent is .
posilitingeg utent detgrosnesi tha pesidonyelithe (areed Borenter ard alighs the target 1s0-

0si ti 0?1 gs Wﬁilﬁll as .nmovenent of the patient, such as
coptey Vifthp BP9 APIFOLAFRARY N 14 i n state 330 to

posi {4 on The, R d:BEY systent NECIbie 1 S 811RGeil @B Rast cdnelolf ¢ dagnponents
these novenents, state 332 again enploys the 6D system |
skt toomexdramad dojively copasliable andavtieneis thea posERRIZSysiem provides a

e e 3 et e S B RO a8 L B it o
p&gﬁdﬁ BE B 18Y8 Sndhddvely dohBolBBH doRthoheter ance. | f
adequat e

y accurate’registration and positioning of .
the pati efibe Ipasitioningyoysteme efi Glaim dedurthes tepmepring & plurality of

follo where a carrection vect IS cOo ted.an
e S S Sy P BB 08 pogvementand
in SRR ' it 3n @R EHeAIcnBAY iR tharkers.
Wé%‘&o“é%%’?%ﬁé@%m. I%‘n%)?%‘té&ggg?g%dﬁ of st até3 3?13:}6 I's e
af f i 20mat i Vies pasitipning dystemt dfélpiat 19 mtheteir mydiane external measurement
satisfactorily positioned in.the desired pose, .the
e BDIRGHPRHALPAFRIH 1 SORRANTET P10 R Ie] o accurse
m@e&ﬁ%ﬁ%@ & hd il 1S MALLHT ioSaridh e k! Pi'dv%bd QT a single extemal
certain patient escriptions, It wl be under st ood

mbédsatenidnedévient ment session may indicate nultiple
treatment fractions, .such as.. treatnent

f. . o
pl urdl-i t yAdnetBed ohredifieins APty ﬁrm%$t30§ delivery of therapy
wit"d 's?ge{gmoflax}ign%ﬁ%ﬁgﬂg380 c %5%}{tsb§uﬂ'éc§rt%t i6¥kMent, the method

repea for rescribed treatnent fractions.
con@iRURthe bt@ps ofsi nplicity of illustration, a single

iteration is_illustrated in, Fi_'%;ure 14. Thus,  foll 8:\'\1 ng .

t he positioning a patient in an initial treatment pose with a confrollable patient

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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treatment delivery of state 342, a finished st ate 344
foll ows whi cr; y conprise the conpleti F}
treatment for- that patient for the day for a given

V@ ri0s918084 t reat nents. Thus, the radiati on t hep@tﬂyjszooyom()m
system 100 with the patient alignnment system 200, by

30 directly neasuring novabl e conponents of the system

- 100 21| Off® Methe@ s Cedmi e dhatkn e;ttemaﬂy PoRGif ahé&lokation of the

ternmine and control the positioni ng of these various
deiisof the phaplity of Icampmamoagmscsf ertueyiny stpdwaliCof cameras

%’?

accurately registered
tb%ﬁ%%%g%r@%%ﬁ?@?f@% %‘B{;@ at a treatnent
del i vBry gessh@hlod BATIdiS MOSHEREELMHH ctlHer%ﬁ&V%c&%% @B&rmined in a
and wi thout an iterative sequence of radi ographic

ﬁlﬁ‘ag?fﬁifﬂcer efppsag tandniwhgrept mheidpt |tmntm0\wm¢ns ulosenarelat comprises
C ng .and al This. of fers

AP S Yo 5 el e P resoncin
netleinéBr vea@r Kdrehd ﬁ‘tﬁfeﬁ%&fﬂoﬁeﬁﬁ@s@édn‘a'}efeﬁén%‘ﬁ&h@ antly

decr easi n% the latency of the registration, 5 imging
and pbsi t 1Baimghed ofeShon 2hdfurthers comprisiasithe dtdpe of obtaining a

PREREINS A, b BEGHP DB 55 e SR e 0t 1

pmmdllp@tﬁaﬁlpuﬁeﬂtmggmg by reducing the need for
nrultlég -ray e £osures during a treatnment session.
gh

Al th ’ﬂm; mathddrafe Claambadli miwotein afbidilieg pthesediographic image

n, have shown, described and pointed out the
#@%%g%’feh%ﬁgqp Rgv feat ures. of the invention as

applied t @Sﬁﬁﬂﬂ@oﬁﬁxﬁﬁﬁ)%@ﬁftﬁaﬂ ktr%}y\‘hﬁ%%gp gﬁﬁﬂg{qﬁhﬁg d therapy

that various onissions, substitutio
t he ‘?Q?ﬂmxeﬁwtth&ied@mamﬂmt@fposdde:hdebetween | | ustrat ed may

be nade thos [l.ed,i.n the.art hout departi ng
“fromt he 4B |§"‘P$ﬁ’8f at‘ﬁ‘g aﬁ?hagé(rﬁayluﬁg%qgﬂa&hex-raysomce and
Consequentiyving e £68A8uRE ahdEnadeP K6l Bg utﬁn 995%

be limted to the foregoing description
def |2rﬁed b‘y pom@omag pysitahe dorolsaiwith a mmﬂmmmﬁacmty wherem the

VHA IMED IS 1. di at
o S G Bl i 5 PRt g  saroe of partcles
anBal héle frbsedwhRn tﬁ@‘b‘aﬁi%le@%é LR Wiret B So PR nEMble with

wWith respect to th
respect to the patient to facﬂltate delivery of the particles to a selected region of the patient

via a plurality of different paths, the positioning system comprising:

a patient positioner that receives the patient wherein the patient positioner is

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 freatment image indicative ef the ortentation of the at least one
component with respect to the patient prior to treatment; and. _

a coutrol system that controls delivery of particles to the patient wherein the
contro! system receives signals indicative of the treatment to be perfonned, the

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

pa‘rticles are to be delivered to the patienf, wherein the control system further
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5 patient fixation device; a patient positioner
i nterconnected™t o the patient fixation de“v‘i‘}ce so as to
position the patient fixation device al ong

wonessahemsional and rotational axes w thin the PEWI2p84/026079
a radi ation therapy nozzle interconnected to the
gantry and selectively 10 delivering radiation
t herapivad 188 GredtnitaBhadi md the Poritfod lsidism elalexte fhrateatment image
measur enent devi ces which obtain position .
nmeastordeiemins of acial oggrtetiothef {hatal &35t PREGIMRSMCH I do freatment

and the nozzle; and.a controller whj r i

o5 orbaERsr s SviRD el A hED FRBIHGT o I at least one
fi xatgnQbnday Eﬁ@r af drdabfefion i Avdrdar oMédaisorc ofit thel at least one
signals to the patient positioner 15 to position the .
pat i @niponentendeyitheatunl odptaicrodpeginehmetishEtdefegmingd criteria for

beam axis. 2. Th st em of . i m ' :

oxt oIS St T BRI urte s siegls o the
at | easht f)&@h{ﬁﬁf‘ & Movel e haféht qR¥IeRcREht et thezhel topientation
obtain the position mnmeasurements. 3. The system of

C ai murb,cldsalytdosesmoodpiol the depired priemtalion qurbi deliy e of the particles.
fixed to gt 20 | t. t atiept fi.xati Vi and

the oz o1 DieaEre & Gt Sk pBRirit Hreadtn soane G o Bud

obt ai n p%g&ﬁéﬁﬂ HRasy aenBO s ShintdEngahk @bRiondef theepatient to be
syst em of aim1l, further conprising at |east one | !

| ocateaprds it aenbstimiatlp ankobide ouentprom pithaespeat to the patient fixation
conmunj cation with at |east one of the gantry and

pat | &M itioner wherein the at |east one |ocal

position j ﬁ@@@aﬁ&h HEYLGEMRI AR 8 (RO Bhtidn® FixdRé déace2for moving
the controller I ndicative of the position of the at

| easthe patiend fixtiien davivteriy respnssao istgnels fvws frei eontrpl system to thereby

e e e TV A
| MgR.0da b tﬁﬁh'dﬁﬂh%aaﬂre LEJEes the relative

| ocation of a patient tardet I socent er W th respect to |
t he 280zz1Ehe 8Qtefr ofl Binimy37, embanéin Ghaipatidt fiaéipp | GgVICH OMPIISES a

system posi tions the patient. in an injtjal 0si.ti 0 .
paaéla{, pegd glérwhlq;;hélpqq @aq 15 08 ng’;d 8228 195 {ﬁ% getgf%e& ina Qubstantlally

SRR P o 0 b

The system of Claim 28, wherein the movement mechanism comprises a

robot assembly attached to the patient pod that allows for translational and rotational

movement of the patient pod about three orthogonal axes.
| 30.  The system of Claim 26, wherein the monitoring systent comprises at least
one imaging device that visually images the at least one component of 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 {hree

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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signals to nove the patient positioner and the patient

t ar get |socer§t§ into a desired patient ﬂgose W th

respect to the'nozzle. 7. The system of ‘CVai m 5,
Wih2108/01878he pati ent imagi ng system conpri ses pET/USRAH26079

one radiographic inmager. 5 8. The systemof Caim?7,

wherein the patient inmaging systemconprises at |east

K, n 0

SBRRL Wl U R a AT 0RE (el St fhe actua
onemgongfﬁwmmaenmpﬂﬂent [ n and out of the beam

axi s, 10. The syst of m 5, wherein the patient
i megiing sVt SRR HEm Tn Udher ompriciic JeASt ape c¥teptel marker

el
s 5, PSR B L0 i
thenmenementaliaiadngitipihs iat Heam oneeatp@ant s and provi di ng

t he p05|t|on|ng ;:Og_girol nalstothelpatlen
pos.% onele; SR o e @t exeip g (ponitqring SpRleMsiAgETp plurality

i
of ShibR®, ol flohorlE, HPL ool SHELEINBRTHE i positioner
sud;lﬁ deenhie plurdidy of bempyishasnmuef wihiai the bze- sanHdecmfemzh ef the desired
system determ nes an orientation and position
orighipfe.ence vector measured in a first frame of
r ef azenc
1S5 BTSRRI T YU AR s ot of
refe@nteotiihom a Medtal view of gecanditbrianayddm rafledeemindsothe actual

position the patient in the desired pose W%ﬁ respect.
or lzleia‘tuaﬁ Kby éa%e%w%ntafi% with EsREFS fathe 6?‘5 pejmi P ei%feﬂce
wheggi n ghe sgstteﬂl S2TY A ereﬁﬁﬂeolﬂo%% t&ﬂ%ﬁﬁel Jmages the
the nozzl'e {0 revolve abdut e gantry 1SoCenter.

patfend pbsigaier pad thiciconirslGystya treseiveo sighals adhative nf thi enamymn of the
system_ having a plurality of conponents that are

patgq% pestionss apdyendinse SiERds Hodstermpnshe appland desired orientation of

theuagi'é%%ﬂ&{e%%mgoﬁél&a plurality of external measurenent

vices arr to obtain position neasurenents of

t hespl ur ghé @ygtemﬁ of QRINER) 1 whaeindbe tontl Gyitela it adgiitdw receive
information; ~a novabl e patient support confi %ur ed to

sigailp fort tha Tasistionrireatns daniiy Andigativeraidhc AVERRR Of gt components
wnMnt &1[3 sgét%?xhgndt \%#rgﬁt tﬁgtcb&%l @oﬁtil}zgg gi?e%? Qfgﬁ%l% gﬁérmine the
actﬁaﬂtaﬁ& dediald oﬁ&ﬂ&ﬁmﬂuﬁﬁhe at least one component
38. A radiation therapy delivery system having fixed and movable components, the
system comprising:
a gantry;
a patient pod confignred 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 intercomnected 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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30 a controller receiving information fromthe

plurality of e:XfernaI measur enent devi ce§ pnd

provi di ng novenent commands to the novabl e patient -27
wWOR000873918734 PCT/ US2004/ 026079 support to HGTHi2004426079

patient in a desired pose such that the positioning

system conpensates for novenent of the plurality of

conponen gontidiler WhRhpesives d ptgitﬁmsheasummeﬁﬂs@tf @t feBst the patient -

wherein aligning the patient in the S|red

conmd gad narile At éetpmn?ﬁamp‘éwe% SRR w’“t HW@%@&P*‘PSM ma
el iver

rad %\Sfregﬁo?eh\gplgb p§yst m LUH% %{1 &]aEr P%I%/%%ﬁgﬁ%?rﬁmu .ecmnes

Theyposd ?h t PO SHfi epat t@' dithdh fifed fat hiveable o:m:nppseMg of the
a patient inmager system which obtains an i

t he
pat therapyadelivarst systser based- veast &, lm’féw&?tncqlﬁ‘@m% $1d ‘4@Rrmines

? gf\ag{s ol ng@@%ﬁ%g{]& &attgc{ {n éﬁ Qé&%&?é&rﬁ%&ﬁg%ﬁ%%ﬁ%ﬁs movement

Wit tDBiRGAMEI bl WRkteal M ng point. 10 18. The
positioning systemof Caim 15, wherei n at | east

of 3éTheospone of Llaigy sﬁ,e@fileltem Hhov erempl PSasEPRR |‘%"1°35 obtain

froll abl
e T
theygleg]er ﬁ@teﬁloﬁecmin €] Oﬂhﬁbﬁmrﬁlﬁmﬁﬁgh purghitgl of hakers fixed to at
position the at |east one acti velg control | gbl e

leat diwp patéat podgnd frmlqowhercmdm mgempbmepETman dpipeppbtain position
further aplurallty of 15 markers fixed to
me%%lr%%ﬁogtﬁrg {e the plurality of the conponents
Subject ffe @%&Hﬂm ChiE 38MRfBiMcdtiprisng at fmbt one local position
nmeasur enent devi ces obtain position msasuremsnt s of
feelibekndevier . omtlvwempomoatl@m Wiﬁl afyloast PR ol (e eainy and patient

wherein myltip extern
e L
thepéoqiLﬁloi’L@r ﬁ?ﬂprftﬁe HICHE §xﬂoﬂ&ﬁ3théeﬁeléhst0cfnet betiri paitg and patient
ocation than provided by a single external

postfbugeasur ement device. 21. A nmethod of registering and

23? tioni ng a %é?qﬁ{)‘hde' | vej%[h:g Pét{éﬁ z}‘v’gch%é"%)rs{én?which s
moYai& 'ﬁtgt the Bgﬁn QEE B Bbtar O bk o tﬁéTﬁatﬁehEQS:l @it of the beam axis to

posrtioning a patient in an initial treatnent pose
reditd Bxposaenbf did midgmgpsytstean to t]%rep;b@m;. brpgy and wherein the system

determines the relative location of a patient target isocenter with respect to the nozzle.

43. The system of Claim 42, wherein the system positions the patient in an initial
position and, after imaging the patient, determines a correction vector and corresponding
movement commands and trajectories to move the patient positioner and the patient target
isocenter into a desired pose with respect to the mnozzle and evaluates the movement
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 mterconnected to the gantry so as
to be revolvable about 2 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 desued pose with
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external ly measuring the |ocation of selected points

of the pl uralzlty of conponents; determjiikng a

di fference vector between the observed i‘ni‘tial patient
WOISMBF34 3 desired patient pose; and 30 provPdTUg2004/026079
novenment conmands to the patient positioner to bring

the patient to the desired patient pose. -28 WO

sl 0L ] ﬁmbqammmmmmgamamemn@gme@fm@ ?ésﬁ?zct to other

t the | t f th
Thed BRI i enid of i herap) delivees gt s ine ganiry and paticnt
q:mnﬂabnaeﬁesﬁémmy'ba&amp%@'ﬂl %n%;lt %g%%ﬁ%n?@od%%whah@ .

optl cal images of the urall

retision isfindicatednfarithe wltmnemeﬁt tdl@ndﬂlcfsf RIICHEBILY @veiehiSif a collision
5 q‘%tu?d ¢ t?' a 5 first reference frame and wherein

provi écta novenent conmmands conpri ses

transﬂqrmmg dthg o enge rein the first.

reference frame int ?ﬁ&cggr&h%g%gltﬁe SYRISTe fEiimipes. s movement

PERmRRds ﬁ‘aﬂl @mespooding | ijectonidy forS SiatiMtindcdt SheRGRNt of the patient
H;] e 4 The tmet hod of Claim21, further conprising
56 g gy AMIGTAY Weed efAcawishioniof therrgesdghost. he
patlemg Bid h ference vector based at,
| east . 10 psa}?'ﬁigl Fy@g%gtgtﬁéewﬁétr e n{h ﬁé ae‘l heupaent devices also

10 mmm@dquf olfbchs tha Apaynbgerctis ehE@aiinéd %deﬁeﬂtaﬁ‘ég&%ﬁ&hhﬁd inhibits
he steps of. positioning an x-ray

. i ses
) ' &tg g&éﬂo’}“’l‘ ﬁuql}%wS@@FFB@mdy al ong a therapy

beam@glAs M ) d th rebe ween;
lexposi ng hétppatl r?? é‘g:h%@{oﬁ a%l%ra ‘Fﬁ’%l fhefapy system

enowathld compomstitghdt dwecﬁvé@)aewﬁqgea 18didtion therapy beam
t her apy beam axis. 26. A positioning

P e fromthe
agoﬁlégl?‘ﬁapb‘?’%i@ RAFHRDIAE FYsdpra cowprisingsat ment faci ity

15 wherein the tment f ty has . .
plural i tymoplﬁﬁﬁ}pgﬁggigg{a Nat™ P ey tgggwﬁess@{ﬁ“g%c%? obtain position
par t indasgremants ofithe ozzpehehfs@a 2wk ﬁtibkaé%dﬁﬁéﬁ hl%tﬁﬁm@ﬁ e

emtted, vvhere{)n the. nozzle is novable wt
respect t@8H¢@ Iﬁ&?ﬁl@ﬁﬁunp@rtfomﬁgméﬁces@ebnwqmyemfsummuany fixed

o e L E —

c onpmiudtipigtranslational and rotatlonal axes; and

20 : a controller receiving position information from the plurality of exiernal
measurement devices and providing movement commands to the movable patient

support to anfomatically align the patient in a desired pose and determining a

corresponding movement envelope wherein the controller evalnates the movement
| envelope and inhibits movement of ﬂm patient support if a collision is indicated else
25 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 point through which the radiation therapy systemn directs a radiation beam.

51. The path planning and collision avoidance system of Claim 49, further
30 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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a patient positioner that receives the patient wherein

the patient posijtioner is novable so as #6 orient the

patient with rieépect to the nozzle to facilitate
woebisiagxpiof the particles in the sel ected r RTHE20§4/026079

the patient; 25 a nonitoring systemthat inmges at

| east one conponent of the radiation .treatnent
collffdn a_hondaEEe BYstehh Abibdnibes tbPerh@iti BRIMANAS khd @@REtories for both the

erein the nonitoring system develops a treatnent

patienigmagercing did patietfsuppvet owdi ighibis inoverménttifrecailisipeiggndicated.

one __C onent wWith respect .to the patient prj to

tr eé?ngﬁ‘?;ljagthdﬂ%ﬁ@! ¢ 1}%‘?%@"9_ % S g% %?ﬂe@y further
coH{;}ariQiﬁ%}ta' LGyt ﬂé}l@er@ﬁkécﬂﬁt eMBRH pbitid dt8he FlraH@NSS @E components

system recei ves signals | ndi cative of the treatment to
subjectpey orveednt tahé wisirginathe éxtaneldinegsiaendes i deyebes obtain position

ori ent atictz of the at |east one conmponent when the
MEPIWEMEPE L e EBe del i vered to the patient, wherein

the HE4 11860 avclddie. 3P03h B BYdA 52, wherein multiple

Pdﬁ%gg%%%ﬂég 0 gllfﬁece‘%lvesn?he trga%@ment i mage and the P
exteanil hodaswysorndetat whtais podigort measurements wh gesingle marker so as io

determ ne an actual orientation of the at |east one .
PIQGdRD HANE 2RFUTEE BISHEmsRiRfhe s %ﬁ%eéﬁ Yocafian dgitrgyided by a
sin%YeSJx?éHlﬁ%@ﬁl%ﬁwBﬂ{%vﬁ%t ual orientation of the at |east

ne " conponent prior to treatnment to the desired _

or i gnf pid Fﬂhqﬂaﬁﬂm afid keldision arveidancospeneof Gaid) 49§ wherein the

t he actual orientation does not neet a gée-det%rm'lne(flt ined
exterial aneagueBient detipesHem dumeler Pt RbICHE sty pnter the determine
mo%%n%ﬂtt e dtbr 429 “ﬁl%{'lituli Ble &ﬁ?ﬁﬁéf‘iﬁﬁﬁﬁ?nﬁﬁ&?ﬁ{rﬁl te@tifshf with such

patrent “positioner to nove the patient positidner such

objeb@tis ind&akdt ual orientation nore closely corresponds
to the desired orjientation duyring deliv

r f th .
par 65 chaBeihobof ropkisiag SRURPBHOKNEAR FROBI TSP Qlffaerapy with 2
Con . “ . _ g . co
syt b B 6 P asC AIRp B cobbceft® h Hetlotit g Aine thesteps
offbe treated in a substantially inmmobile orientation
Wi th respect to the patient fixation devi Q%@land_ ?1 .
moverent PABHeRIAE 8 Prtieni it ea inifal Featyert nose witha peniypliable patient
device..for. noving the patient fixation device in
resB%EH%%netr’o signals fromthe control systemto thereby

15 nove thempl inRauringtthe Riatda ofdeleetadqoims oHihetfhat and at least
nore closely corresponds to the desired orientation
dur pragmaEhle eepaenisart i cl es.

determining a difference vector between the 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 , whetein 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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28. The system of Claim 27, wherein the patient
fixation devifce conprises a patient pod ijn which the
atient is positioned so as to be retained in a
H83/81873al |y i mmobile orientation wth respBCE/U$2804/026079
the patient pod. 20 29. The system of C aim 28,
wherei n t he novenent nechani sm conprises a robot
assenbVyTha mabpé of Clrim (56, phticanthephffertiat veator ds\deté@tined in a first

[ ional,and rotational. novenent of the patient
%%%_g%%%m? %‘?"e‘@_ B HiB'gHﬂ%i‘_ane&% GIOVgHeniPREINARLE efﬁwses transforming
fHeaiifferéfice VARG et rBRANE E‘aﬂlg.iﬁ%:at c[%gﬂe?@géﬂﬁﬁ\gﬁg?ﬁ vector for

| east one imaging device that visu
thepatiers positionpon e stcond reftrendeddhinat.i on 25 treat ment

| east S drsiivfiettaims. e gwpai ecian ahogining » rdiographic
Rk eimnd Betdk ahe 6%1ﬂ@§'ﬂwgif@e&%yde%r bR Sl@a%% patfially on the

plurality of caneras t capture visual 'Images o
patieheigstgcone conponent of the radiation treatnent

facil] wher ei .plurality of caneras are | ocated )
SO aség{‘ §h8 én%{ﬁ‘?d;‘“{ @E‘”E ége\”ﬁ?rﬁ’él ehianEg; the radspgrepiiaimags comprises
186 sfepeo@t | east one conponent with respect to three

30 orthogonal planes. 32. The system of C aim 31,

wher ei n t ly@spioninglat feystahe carap castce apd Wi lRast gl alray imager such that
[ magﬁg? of . tpe .at le st%ffrone conmponent such that a three

di meriS§ Baient 18 drigme eRptwemmuARht - 30 WO 2005/ 018734

PCT/ US2004402607 e 2S896 i é 0
conponent cgn lc% F%éoﬁ%/é"ga?ge %Mel%%#r%geﬁ}é%% Ln%%% l‘J”a'a"lntﬁe at least x-ray
ori espaiceon of the at | east one conponent. 33. The

urther conprising at |east one

syst of aim 32,

ext e%??al ﬁ&ﬂ%ﬂ‘("é{fé@ﬁb@ fughereonpnisiigast one

conponent ﬁflﬁl!iﬂk I . )
conpri ses d\étSé t he %ﬁgﬁﬁgﬁgg@%@ ?{aéﬁ tegaﬁ&vﬁﬁ%@taﬁg%g%&%\%gl}atstfajwmms
one Cartpdnthetpati@d positienes yisd Bimadfeationt M123P soutbesdiimabé€and
noni t ori n% Séstem images a plurality of conponents,

i ncl udi ng "PREAHEZ PP duoveent [Falcsiontes oTiths (het wessamidulocations of the
t he ' : el t ality. of

o RSB bBE RS 1l B bOSAT U b tpgvesa e
desi p&tbnt posidiohatandrthe 10 15t odd1&-2Y Sheme Ghd Ghidesd 2P as to inhibit

wherein the ,gont rol system defines a set point of
movement 1f a collision 1s mdicated.

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

62. A system for delivering radiation therapy to a pre-selected location within a

patient, the system comprising a plurality of movable components including a patient
_positioner 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
mternal monitoring systems and inhibits movement of the plurality of components if the

signais indicate that 2 collision of components is likely to occur.
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reference within a field of view of the npnitoring
system and det{erjni nes the actual orientatijon and the
desired orientation with respect to the set poi nt
UHEY. 36.- The system of O aim 35, wherei HCT/H§20°4’°26"79
nmoni toring systemfurther irmages the patient
positioner and the control systemreceives signals
i ndi ot i velhe systeen of i(Rainaél, ovhepéintthe extenad ahordtoting system images

dgib(ltl oner and ugg} these signals to determ ned the
Hye WRRWYENS Petesiqvable somBnasts tompeutier thew pbysigal docation.

conpeaent . TR} feystiieof e@ WD AR %hﬂ: ts«!?ﬁl kers attached
control systemis adapted’to recelve ol gnals mthe

to aglecied mgmnse»ﬁthmnctwabmﬂoinpbyenmdl cative of the
rmverrent t he co onents wthin the system and

wher & ecs(yﬁpmdr (%19‘@ evhergin flgse&t@mglgngm@q@ggsy%t@n comprises
?ﬁ‘iﬁg‘?’ ai“t%s s p BT R b Pl R Tl

del i v56r y SEist gmeha\ofr@aﬁn a2l vaRebiolie ixeerfQ NPOME, system also
t he stem conpri sing: gantry; a patient pod

Htoé‘ﬁf”fsg reﬂl“iﬂéwee%fuf%elan ﬁ‘&!q‘?@n{m% @bglteéquarrﬁxﬁl ingfolof |tae movable
¢ é&%e%?s b &%v&ﬁ%t @tﬁé %o?fi‘{x%rpﬁqn?gatg tient '
pPOSI |oner I nterconnec I en pod so as to

posi t7on e sygahi @Claipoe2, axkfl@di&nfﬂib intBng] inbARGHRt éy8Ral comprise
and rotational] axes within the gantry; a radiation
resplvempin Qpsble P%ﬂ@ﬂ@éﬁr@cm the meEingapmpongAg so as to provide

il S8k} Bl AL ML RS LANALA HUGLARALRRg, o Do

whi cbg.obt gha s@@t&tnt bp mlmﬂe@suwmﬂﬁ Sth®fresilvdre a%inpkiB€ rotary angle
pati ent pod and nozzle; and -31 WO 2005/ 018734

eIOFPIFS2004/ 026079 a contr ol I er whi ch receives the
posi t4 ONn east t.he
nd Rooe) Z58SHGTBE ama2. R Eoo e ARSH gmaBlSunicn obtains

atflest bhe m&gteoﬂa@pateﬁt sippoed B fHel MflieROSRitMnbNald®HRGEH the system
to the beam axis and correspondi ng novenent

evelugfesdhe pt east ave petient prmageand provides conivod sigaals te md@t:h atr least one

o PRI RERRTR 5 e P i Sdive o

desired treatment pose.
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whet her a co}*H sion is indicated for the-povenent
comands and'.i-hhibits nmoverent if a collision would
pndicated. 39. The system of O aim 38, wh ' ,

,wg)%og%g measur enent devi ces obtain optical e{f%&&&‘gyeow

at least the patient pod apgqrgozzlie to obtain the

positi on neasurenents. 10 40. The system of C ai m 38,
ther—comri-SstHAg—a—prutr-at-i-ty—of—rarkers—f+xed-to—at
east the patient pod and nozzl e wherein the external
freasur enent devi ces obtain position easurenents of
the markers. 41. The system of d ai m%& further
conprising at | east one | ocal positi f eedback
BV e I O al T e T oIImMImr car o TN gt Ireast—one——-o
the gantry and patient 15 positionger wherein the at

eagpt—one—t-ecal—po oh-f-eedba devi.ce provides

hosftion data to the contra

bosition of the | ea
bositioner. 42 The
:orr]Pri si ng pat iént i
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0
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respect to the, beam axis and correspondi-Ag novenent
trajectories%m}th respect to other fixéd/ and. novabl e

,s of the therapy delivery systen1an¢
gantry and patient positioner respectively bas
the novenent commands and d&f &7nmi nes whet her a
collision is indicated for the novenent conmands and
| jaY2)

ndi cated. 47. The system of C ai m 46, wher ei n t he

—

SUBSﬂTUTESHEET(RULEZﬂ

[

system determ nes the novenment commands and
correspondi ng trajectories for sinultaneous novenent
of the patient positioner and gantry to increase
speed—of—acquirsttron—of—the—destred—pose—4—Hhe-
systemof Claire 38, wherein the external measurenent
devi £esalso 10 monitor—for—objectsthat—may—entet
the det erni ned noven®nt trajectories and TThi-hits
nption i f ani/g9bf j-8 ' o
ijndijcated. 49,-A pat jﬁ;‘: daneg
slystlem for a“ra g xed ~ -
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51. The path«plannlng and col | i sion avoi-dance system
of Claim49, ' further 30 conprising a patient inager
ich is novable into and out of the axi
\Véé&%@ﬂ%ﬁh obtain an image of the patient andqgquPﬁaﬂﬂmﬂ’
i so-center, wherein the path planning and -33 WO
2005/018734 PCT/USZOO4/0269%QLESIIision avoi dance
system det er mi nes novenent nds and trajectories
for both the patient inmager and the patient support
and inhibits novenent if a collision is indicated. 52.
The path planning and collision avoidance system of
Claim49, further co a plurality of markers
fixed to sel ected poi he plurality of the
conponents 5 subject ment and wherein the
external neasurenent ¢ obt ai n_position
measur ement s bapatie o rKer s B3 //ath pl anni ng and
col l'i si %n avoi Ha4sE |8
‘mul ti pl ext e
measur efent 4§$V
more acchy afe
Iocatlon4§*r1f
neasurefspt d
col li si én avﬂfé' 6 §£ By “\:9 mh reln e
ext er nal’” P enment de\rses alss DRIO or o cts
that may krl the determned no aj ect bk es
and whe ‘ﬁ’ e controller inhibi I’zr i f apd
colyfg|o h such objects is it At 5 55. A
o?’ gi stering and p05|t|on|ng 4ﬁ{ ient for
del“rver ulel herapy with 2 e m haii m; i xed and at
| east one novabl e conponents, the met hod conpri sing
the steps of positioning a patient in an initia
treatment pose with a controllable patient
positioner; 20 externally measuring the |ocation of
sel ected points of the fixed and at | east one novable
conponents; determning a difference vector between
the observed initial patient pose and a desired
patient pose; determ ning_correspondi ng nnvenent

commands and a novene \§§§§§bctory
. N\

VL e

es obt ain posi tion
SN rovide a
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“positioner if a collision

least partially on the patient inmage

25 for the patient positioner to bring the patient to
the desiredipdti ent pose; and conparing the novenent

Wbrzﬂésfngg'&r;y with the neasured | ocations of the sel ect

ed
poT N ' the fixed and at |east. one movabl e PCT/US2004/026079
conponents so. as to inhibié/Tgpvenent of the patient
s 'i'ndi cated. 56. The net hod
of Cl aim 55, wherein externally nmeasuring the |ocation
of the 30 selected points of the fixed and at | east
one novabl e conponents conprises enpl oying a
plurality of canmeras to obtain optical inmges of the
conponents. -34 WD 2005/ 018734 PCT/ US2004/ 026079 57.
The met hod of C aim55, wherein the difference vector
Is determined in a first reference frame and wherein
determ ning the novenent commands conpri ses
transformng the difference vector in the first
reference frame into a correspondi ng novenent vector
for the patient positioner in a second reference
frame. 558. The nethod of C aimb55, further conprising
the step of obtaining a radi ographic imge of the
patient and determ ning the difference vector based at
D. The net hod
OBy aphi ¢ dilnage

of O ajLm-58,._wherein obtaining t

t he patient
at !east X-ra
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61. The methgd~of Caim59, further conprising
posi tioning at.'| east one x-ray source and jat | east one
- LJrager substantially along a treatnent iS. 62,

w 2&%%I§eﬂfr%gfor del i vering ri?li ati on therapy to P%/[?SZOM?MGOW
pre-sel ected | ocation wt (h a patient, the system
conprising a plurality of novabl e conponents i ncl udi ng

a patientz 25 poSitioner and a ;

further ¢onpri si ngfan exter nal nitoring systemthat

moni tors 3 he physital |ocation ¢f the plurality of
novabl e conponentsjand provides|signals indicativ

t hereof ahd whereih the system fiurther includes

i nternak drefii toring systens thaty also nonitor the
fnmovene tﬁf the plurality of novabl e conponents and
provi des gsi gnal s ndi cative thereof and wherein tlhe
syste shi{ors the signals from the exterpal and 30

i nternal gmohitoging systems and|inhibits @venent |of
the plurdlity of cpnponents if the sid' s indicdte
that ajcolljsigh of conponents s |ikellyito3occur.j -35
3O 18784 PCT/ US2004/ 026079 6 .QTh‘e’ syst €m of
Camé

t he external honi torilng sfist em
di stinctfi vie nonunents of the n‘gv \bl e
copponents to npnitor their physical | ca*tion. 64.] The

system i nf 63, wherein thel/nonunerjts conpris

mar kersjattachgd lto sel ected r?gi ons gf k he m)vaale
coprponent s. . {The system of {Cl aim '3,‘\wherei nithe

ex . rj.g system conpfi ses e} plurality jof

ca ; bbt ai n optical inpges of -thé movabl ¢
cojmponent s. . The systemof Qaim 62,! whes ei n the

exit er nal i foring system al sof noni t,,‘rs\,fiz’og, 5

i ntrusio or eijgn ects info a pgedi teg traye )
P DVabl e onents{ and i nfi bi:{5 noven®ht 3
ifZa col Iy sign is|Mhdicated. 10f 67. TBT syistem of | S

Cai m 62, | wher ei n {ttheriwt ernal froni t oBil ng 'ﬂ‘system s .
cgnpri se ol verss [ per abl e cormunijcat' en wthst h@
mgvi ng conponents ;g0 p$ to provjide intor ﬁon ~
rglating tlo [t he neasul positijon of tlhe abl e g g
cgnponent s} [68. The system of { aim67; wherein the

rdsol ves s rrpris%p rotary angl e encod rs.\
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15 69. The systemof Caim62, further cenprising a
patient imager/ which obtains at |east bne inmage of a
wedol supported by the patient positioner ,
V\helr]%flltr?%he system evaluates the at | east oﬁg Lp30a4gze079
i mage and provides control & §dals to induce at |east
one__of the patient positioner and the nozzle to nove
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