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Wi th respect to the beamcenter 512. As expl ai ned above, the beam path

center 512 is indicated by the intersection WO 98/ 18523
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-12- %%%ﬁ?soz? t he cross-wi res 200a-200c. The third cross hair 200c can

al so be used in a simlar fashion. By conparing the coordi nate

values (X[err], Y[err]) and (X[err]. Yherr]) determned with respect to the

master prescription i mage and the coordinate values (X err]'

Y{err]') afutle éotpwires 200a-200er THe'third trhse harf2Dcaen diso haussedin b Similat Gashipeet Byi comparing mr 504
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receive t fananaa mmhmmembm déEm o) 4331 Int theCavint MATREDRAm RALHEPDE Rlighda hith Rt i |
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35 on the skeletal structure but can consist of entire bone structures such as curving bones and the like.



but can be identified by conputer software and the nonunents do not

necessarily have to conprise particular points 35 on the skel etal

st ruct urwosnss2an consi st of entire bone structures such RETESININY bones
and the |ike. WD 98/ 18523
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o Ch t e benm et e s Rl Pt o (e iy BBl protiee ot Hor e pgwipeieh 8o o
posi ti on tpbeientpwithitierbeam nwzzieh Spegifindily the treating physicidnrsiviply hasfto pdsiconrthazpationt inthd pidie
|t er AULY les P Holtl 3 thdVarativhl e, o el PSRRI b3 SR el idbhfhs ¢ N

target isocen to se ed nonunen
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beam pat h cHhbetyesntheibeam path captesand %'era@ ispegnter. Canpeguseilicpatientyalionment i simplified |jandgjh nent
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the treatnment facili hough the foregoi ng descrlptlon

of the preferr® Wﬂ%f"mﬂ deserintion ot ﬂ}“é’é“éﬁ‘ﬁd ¥"|'N}’£9H’Et|°6r'|h°l'PéP§°“§ RYsplen has shown,
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wi t hout d%p}%{qﬂdnﬁgthg Ecgﬁp of h'n?mﬁﬁﬁoﬁ bnbuld l}erﬁtﬁ‘neﬁ)L %E}Lghh{w glmit{n Qe shou I be defiged by

Consequent e Tnvent oS imte

f or egoi. ngtlulam@!ﬂstqlm but shoul d be defined by t he appended cl ai ns.
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-14- WHAT IS CLAIMED IS 1 1. An imagi ng systemfor a

proton beam therapy system having a proton source, a beamdelivery 2
systemwi th a nozzle that is nounted on a gantry so that said proton beam
can be delivered to the patient from 3 a plurality of angles, wherein said
proton beam therapy systemreceives a nmaster prescription inmage of a region
of 4 a patient that is to be treated, said imaging systemconprising: 5
an i magi ng beam source nounted on said beam derivery system wherein said

i mgi ng beam source 6 is novabl e between a first position

wherein said i nmagi ng source can project an inmagi ng beamalong a 7
treatment beam path towards a first side of sald patient, and a second
position mhereln sai d i magi ng '



8 source is renoved fromsaid beampath to thereby al I ow sai d

proton beamto travel along said treatnent 9 _ path )
an i magy sh receiver attached to said gantry so that ? ?ﬂ? |ver S
centered about said 11 beam pat h t hroughout a plruralitTy of angles

of orientation of the.gantry wherein said receiver receives said 12
| magi ng beam after it has passed through a region of the patient that is

positioned in said beampath; 13 an i mage capture

devi ce pWHAT B¥IAIMEDISsai d recei ver, wherein said i nage capture device

recei v 14 ' fokoR Baari DAt i ent
e 1y Fge L oBBANEL ek Rl g g k| o

pOSi t i Chévatem with 8 nefziesthatria Maantes: on 2 gentry yogthat sald proton beam can be delwereddo@hgmtmﬂfqom whi ch

recei vep, ?lmlﬂ of @gfds, Wﬁ&&ﬂam Rrof belrh Mhbrbyy stiemﬁveﬁfl ﬂasﬁﬁirﬂctﬂﬁoﬁ infat of @ ey et i on
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nor e nbf’ﬂ"’“&‘l‘ thatis Eﬁ'\!é’eﬁﬁﬁ"ﬁé"aﬂ!!'ﬂ’&ﬁ'aﬁ'@ﬂ"’lﬁn said master 18

prescrigtion imag eanﬁﬁgnﬁ@beinﬁsodﬁfmn&d W‘ﬁd bedrh M‘Nei‘#@vsﬂﬁﬂhirélﬂﬁd ﬁfagn@meahﬁgﬁﬁ nter to
sal one or

be tregted in_the tient
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sai d pag i ent gl 0t biPhel 4 i 58l ffiblen it s ko Bleh 5 e Hono 3 regmpn

determne the'rela on o e cen

respectd to sasath:one or nore rigid 22 structures and wherein said
controyg er using Sﬁl' ifdaging® bedh \'e\fé?verpﬂﬁéhﬂ tQQalﬂantﬁasb Ghal ég%&m R Sénarb gl;outasgiﬁl sai d
beam 23 |1 ne center with respect or nore rig

struct tres deheam pathtiroyopput & plurality |°W9'ﬁ19(/'§'?f¥?ﬁ‘?“ "B@P %ﬁh’”"t‘ﬁ@ saidrgceiver receives sa'd

pati enfz and tmg.,@mhraﬁerr'ﬁﬁwaﬁsaﬁhmh i hﬁﬁn of e pavehe tnbtl :pﬁs.ﬁbinedtumud%mp&ﬁ of the
beam | t}ge Wi th resglect to d structures

|
correspbnds to the?JTEE faPtB'ﬁ Q‘HF" 'f'ﬂ@a’t’é"r ﬁ'@t’”f'@bl‘i’gﬁ'ﬂ“é‘?'d WW"W“H‘& & fruite TecEiEps < o g
one ort4vore  2fignal from said receiver dngjprabiuces & patidntutiensation indkige of the region of the gatient’s body thathe
syste f daj 1 g.i magi ng beam source is conprised of an
X=r ayrqs%ur ce E'}é" b"e%%ﬁe{r)nnﬁﬁt%d so as to be novable in a direction that is
transvir se to the aionteslior wiich ragdives tigth said rpstenprebpeintion ipage bnd said@tient orientation image
The sygf em of yfgedist amtmmﬁrcﬁhdﬂre?ﬁ'tﬂt 6nMuﬂgiglp§ﬁmrEs%§ﬁie\iﬁﬁnaieﬁ Vﬁmsﬂsﬁed of a

fl uorescing screen ﬁOSI ioned in sald beam erein said
f1 uor etki ng SU?SE'EW"M“M@&? dﬂﬁb B Fslative positionoh #jseenierio he treg %"‘ |"W]5?tﬁ'§‘|s By 31

upon sg d fl Uﬂiﬂﬁ&,ﬁécﬂﬁ sdidCone R Fhore righstructures and whereuﬂsald controllar ls-ElwcuﬁﬁﬁﬁrEﬁH\h@lfsalﬂ al m 3,
wherein said i na capture devi ri.se

S.CO
et vl Sl B RO GE BIPCHERIELP dyotais 1 s CRAESETEHy 0P B SR PO By
producBEs sai ddepadiieal relstive btaticntof ¢ha centsh ofcsaid Behm line with respect v. said one of inere Sigidt em of

Claimg, wher set\mm%aalng (oGl 658 L%F‘é‘@nt&&m?@?lm‘ﬁ of Sald ol {ygRorkal A o8 i ©°

noi se from sal Yient or i en
PCT/ UEB7/ 192 3kbe center wnth respect to said one or more rigid structures determine the relative movement between the

-15-. 26 patient an@ the gantr¥ re&ﬂm sofiat b2 hshibn oﬂh@ boMerut thwaﬁ{n?ﬂemltﬁ ?akngtg kfPwEdnyer and

said CCD camera are PoOsSI ioned i n an encl osure erelrn sal receiver is

posi ti®ned wi FAPA ﬂwftramqsfww&’fm thy, pogition altheg arost @ﬂcsmfaw"h respetinsalkoBRpr BEBUL said

beam pat h andigdmdasssei n sai d encl osure defi nes a path for sal d phot ons
produc d by said receiver; rects ,said photons tao caner a.
1 57 "the sy @'Af&f e IMAPIDH, BE2m SYTee,sopprised o Pl e

i ncl UdZ8Sis indénteli 50’ 456 be riodable ncat directiindthapis erbnsverse t thealinativn of mgpriitmmans;athd

f1 uoregci ng g eenThtﬁrévatvg of dl gn 5 wfl'tér{m[ Said gtla @%am dece:&e?&v%u gﬁ &wp ?ﬂa ﬂlt;n&;cma laee irrors,

are reflected™in a dire a Se arethen
r ef | eciletbatiispositioved inrsaid itam nd:twhmn sawmnoakmnu scregpeprndyces|phojonpimrespbriseto Xirays impinging

31 upon said fluorescing screen.

32 4. The system of Claim 3, wherein said image capture device is comprised of a CCD camera that
33 receives said photons produced by said fluorescing screen and thereby produces said patient orientation image.

¥ 5 The system of Claim 4, wherein said CCD camera is water cooled so as to remove excess nojse

~

35 from said patient orientation image.
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43 said first direction, towards said CCD camera. 44 - 8. The
systemof Caim7, wherein said enclosure includes one or nore baffles to
prevent WOIHEZY 45 a portion of any photons which are t RORAUSITALIEN a
direction that has a conponent transverse to the directions of said 46 path
fromreaching said CCD canera. 47 9. The system of C aim 8,
wherein said X-ray source is conpri sed®of a di agnostic quality X-ray tube
48 t haks oper ates i | reen
S COIT%)I‘I sed gf a g‘c?tﬁg?eg%g#ﬁ% 53‘“‘ ?Qﬁsl\!ﬁm {aﬁhurﬁg&g% %L'%%@'s{ﬁ 3&%&%}
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caner agp théré?lgai'd GiRRsufe dEf‘n?sr% pafh To? saif p‘lﬁon?prﬁﬂcem shil? Fobiver whidDditBets éﬁ photons to said ~ 10-
The systemof Claim9, wherein said CCD canera receives said photons

di rect Py CFR &Mf'3ai d 52 fluorescing screen in said path so that said patient
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that 55 fewer .photaqn r ed by said fluorescing screen in the region
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noni t recelves sig romsaid cont er an
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moni t ofy whi chgr ec etﬁé%ﬁteﬁ'om ) Jhmaﬁ alrﬁ stiftRls rcmphs@(fofaﬂﬁhnps'térﬁklﬂy)@faysﬁﬁe
patient orientatio wherein a treatin siclan can

mani puf8that weptes 'Eé’ﬁtqoﬁ’l 1 @P""s’&""lﬂ“‘% "\a @!"i"’g‘i‘l‘&ﬁ@“é Isj comngiiee: °fo? s‘ﬁ'ﬁS‘f @ gadolipjugy 62
structag asfrph% dioside ik tRAUCD @deraMElidesd aaradea)ccn: slmgcﬂ;at :6?312 by 512 plxlels and $ald. CCD cambhae
system. o n,s controller performs a | east squares

appr o%nrrﬂf"fdﬁsnaa%%e@i V\ET é‘f’ﬂq' F?é? BY- of f set between the center of the beam
line asid t he illsoceﬂmesvstanebfaljalm/& wehevieiol saih §CO0camera repeives spidcphatns Widcty fean @ and
‘ggﬂ Zln ﬁuﬂa}e%mpgc?egf’ﬁm sﬂ 'thgi Qnggétﬁdi Giehtation .mS@ZPJuLs&ﬁmWW:@J lﬁ dﬂisﬁsufzb?ﬁeom for a
pr ot onSheam t her ap%eﬂﬁ@méfﬁ'ﬂ@ﬁ fHQWWOWWGmaISGWWMm@M arid rmwyo 67

SYst enyAMtol i3 contdddr taR bEJ’r\ﬁﬁath' WhefbiA 44 E65s-Qitks %tﬁ@ﬂ?k:ﬁ&’x ﬁﬁ fFuR%Bnd iﬁy@mﬂ:@ Q4 Ak beam
can be_delivered to the patient from68 a plurality g@ wherein said

i magi nBp e rbens ae éi"\'}'é%' b&’%@?’@l’"‘ﬂﬁ?’@ﬂ é!'rtl"’dt‘q'% af ﬁaﬁﬁfgﬁ WST‘ "ﬁ"c &‘bﬂ apimagen o
pat i entg 6t%aill brads-wirss abﬂarh?nntsmeﬁnﬁijnnaﬁﬁioﬂunhd?ag' ng system conprising: 70

an X-r sour nmount ed pmsal1 eam del ivery systemwherein said X-ray
source®i s novihl e 7f System of Llam S first position, wherein said
sour cesgcan proj ect a fisst ménitonwhidhaeeives bighaig fran $aid cutroliendnd lisplnmspamhtter prescription  \\O
98/ 185

PCT/ USY7/ 1923 ' '

16 7260 - t wseeandimonitor Whighgeceiess signalpfromsaad cdonfyeierjagsifisplays spidl patienteogjentation

posi ti@n Wher gl wharkifla ﬁﬁiﬁﬁﬁﬁsnéxfn cfn‘?ﬁmbﬁﬁﬂ shid @maﬁﬁko@s REsesihatesaid one or more ngidpat h to
t hereby allow said proton beamto travel ong sald treatnent path;

an X-r éy beanftiuges apseid patignherepaNion Was&a d gantry so that said receiver is

centergyl abouis, sai ﬂlebﬁﬂdﬁi‘ of Claim 1, wherem sail® @nbrolibr YeMoiBEN P Wbt tshi@red hpgfodadtibny toOf
angl es_of orlep”?}setgeg of the fa l}rﬁg{g ere| n said recejver rece +ves sai d

X-ray Shgdetermine t g qepspr ine, and e jgocerier ipfative said qnegymara rigig StUEWES ) o1 | ent
that |65 mdwhéreioswichnd ot moririglt Sneearesieaviphise Aasbmentsod Liﬂﬂmleiﬁs skeletal structure. @ phot on

| mage rrespondin tothe Qrtio f the patient. amllne
v 0¢ GP1 PR N gk Wit 4 it B i Rk incts ol d B BT, o
i mage @ system with & nerie &baumuxm@y alyererysy thatashid/wotpn beam can be delivered to the patient from

68 a plurality of angles, wherein said imaging system receives a master prescription image of a region of the patient

gmge' and

69 that is to be treated, said imaging system comprising: _
70 an Xray source mounted on said beam delivery system wherem‘ said X-ray source is movable - >

]
N between a first position, wherein said source can project an X-ray beam along a treatment beam path
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79 and produces a patient orientation inmage of the region of the

patient's body that is positioned in said beam 80 path so that
sai d patgge gkt entation image is substantially undi st or tgeenie719236
|nten3|f|cat|on and 81 ~a controller which receives both

said master prescripti-on image and said patient orientation inmage, 82
wherein said controller is configured-$o that one or nore nonunments can be

desi gnated on said master 83 prescription i mage sQ.as defl ne
the TOrati vo [ustis» B b oapl ptish aifscreonlgoagr yIeBn RGO BBV L0 R body
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controller is also ¢ ure f
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controlger carpatBﬁ.mughom the plurality dxdnglesiot onientdtimef thegaattyi whereid sid at:ewerrreegies sadlX-revent er -
of said_ beam line,w.th res
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posi ti ded at Withaespestip Eﬂ'd °6°f°’ {PTR MpUmaRs eteqpines @9'““"9""’“' of the pati syst em
of C aigy 14, fpegteher th&ﬁﬁﬁ'r of the B lideOWith respect to the nne or more mnnummsfcnrraamndmhq or
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moni t orgiwhi ch 18ecei Thesysten grthlmsm.f furthey comeiriging @it of olodswiresattashed itossld zepaiverss jag

2o et ok i g e o SRR NERR B0 R0 63 e o1
nmonumne isphMmssla prdduped by said X-ray Fﬁcw't nathe @monloheag gross-yigses which results in an image of said crossy, o

syst em @f Lk 3pbaidybn sﬁﬂ;{,ﬁ{ﬁemndmggray receiver |s corrprl sed of a
quoreSC|ng screen

ositiogned in s 'h‘ﬁﬂ em?&l d
f1 uor es®i ng scleen The Heter BLlanis ‘ﬂﬁ‘é’"‘ sai “P'E"g'fﬁb‘ﬁ?é et"i!?t'% "Pséf@%" ikl 'i“ﬁg upon
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produced by sajd flq,ogvgémm@g ﬁ%b  Aphsh@ier eby produces said pati ent

orientation inage The system of C aim 19, wherein
sai d CUD camera is aFstanonioouich geceies sigpali fmy saifpaptsolies andcsisplays, sgidspasten prsseptio, < aj d
pati.entgs,ori entmd %dl mage. 112 : 21. The system of C a| m 20,
wherei n sal d receiver and said CCD canera are positi osure

f d ij] e 'ene tation
113 whé82in sai d r etwpopdmonios whighsgepivesHeogls (Hym spi H’“'é“l'{e'éfﬁé? 2 B0 gptiens 3

encl osyge that imhqd viierdh 8 sl ngaﬂh%ufan Saﬁlnﬁmﬁlﬁﬁ rRaid) EvhiFbilen 8l as1td. desighaer saiii ronesu imgire
encl osure defines a pat ai d phot ons produced by sai d recei ver which

di rect 40%ai d pHBEEAYS 07 E?qé’éﬂe'a orktaton mage.

105 18, The system of Claim 14, wherein said X-ray receiver is comprised of a fiuorescing screen thatis
106 positioned in said beam path wherein said fluorescing screen produces photons in response.to X-rays impinging upon
107 said fluorescing screen.
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115 CCD canera. 116 22. The system of C aim 21, wherein said
encl.osure includes two nmirrors so that said photons 117 emanating from said
f Fuor escW@@8/248528en travel in a first direction towards onRCTHUSIIAWEM rrors,
are reflected in a 118 second direction towards a second mirror and are
then reflected in a third direction, whjch is generally parallel to 119

said first direction, towards said CCD canera. 120 23. The
syst emegf C alam 22 1M} QB aPIBCWIRAR s AiigS ciptifel dViLE & cﬂﬁbﬁse@f]f mg%amw: es to
prevent photons, 121 which are traveling in a directjon t

conpont9 treceiyes said bptans PPB"‘&‘&%’% Fluguesting sereeg Andthereby REdyoRs seid Bxent arieatation iageai d 122
CCD camgra. 128.  The system of SHim 18, whereid bl CEYY Sdmrd s MateFdosldd'd #s3o reWrbV8 bRdsOnoRali d
X-ray sgLirce +]s COE’E'EI sed of a diagnostic quality X-ray tube 124 that
oper at B 1fop spig,patieg prigntatioR 8388, oner gy range, the fluorescing screen is
conpriged of a@1squahesyndm of Clsim 20, mhumsm&cawlammcaﬁcmmpmﬂneahenQMrsarrera
'12%' :Jﬁlg? dv%gtxp éal? (eacggar s gos?t%ﬁlﬁ g{glhmtﬁgﬁfnhé nf5s;13 et‘%%ur% 1112 nentfﬁ;ahout saulS haam pat d camer a
A et hiddl wibreimbaidegndlaswge defipsia pathfor smhphatupmmdm bbadmcerhewlaqbyurestysaidemttmtashat t he
center"gfccbre heam 128 line is centered at a target isocenter positioned

w thin the (3 of the patient, said nethod conprising the steps 129 of:
130 116 22 The systefy piablaip 23, whersia Seid pnclesues dusludep twoominrsysey thatofaid tphatonp at | ent
for a @¢Sinkdathy o S8 MloleRtiy Stheed (1ol REARSMIREAI thvatds dne of :s))aéd mitrors, afe MllectRASH £
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pat i enf18 Said fekydireetion; Qwirisygid 8CBcamera, - the tar get i socenter is positioned

in fro of t nozzle; 1 ransmtt i ng beam
al ong @he t r edPrentMSESH "ﬁ?'ﬁ' ZZoWherRin, paid, eﬁcgsqrwmeﬁﬁ"eﬂeﬂ"rﬁ qabpg‘ggm‘"’“‘nﬁ“q”s

t r ansni2g twhigh are travelling & a dreptiarthadhas & henppent transietsstoltimalieciivo 8 il paieftoni reachingaaid  of

the n |8 ¢ 8 rece|V|ngthe|nag|ng beam after it has
been transmitted into the region of the patient's body and 137

capt urizghg a pdti entThesystanrof Blein 3% whereinpeid E1ay sduise is cagibrised abq diagheaticigualiti ¥wey tube body
that 14 RRE bfeaRY ﬁQhé SokP 2 EBDEEG) rhrge the ﬂuorascmq screéh &mﬁrﬂéﬂtof la Squate Q¥ pdGiibluct © S2I d

corrput el Sy stem at i ng said one or nore
nmonumel4® é""’"&'s"!"ﬁﬁf ag%ﬁhac%w wﬂeyﬂ%c%wnsgaﬁﬂ 'sﬁé?s'tvéﬂz pirels avdyspith PG 0samera; |
I mage ; 128 4nkludes a F.95 lens with a 50 mm focaldaam gnating said.one or nmore nonuments, using
sal C ut er yst S atlent oril.entati

wher ei ¥ sai d &fe ?%P‘gﬂr’r@ r?g"ﬂ?egt ey P‘&'h“&i"b@"'% 3'58? ﬁ“ that thy cpates f’fe'i’e Bt
pr escrii2ptinecis cantered) et acwanget dsasenter pdsBioned within the bodypdd thie atient Osaid enathaitcorprising rtisegsteps

corre ggqg to the sanme point of said patient's anatony; WO

98/ 185 ) _ _

PCT/ U3¢/ 19236 abtaining a master prescription image of the patient for a desired orientation of the beam wherein

- 18- 1%44 the master prascription mage%@iﬁe’ﬂfﬁ‘a’%ﬁﬂte; Qﬁen{ elative pOSI t ' on of the
center of said treatnent beamw th respect to the one or nor e
nonunedts desi gnat @eitipnipg the @atigaiiop éﬁfat’l'ﬁﬂ{)'éﬁ'& % thab e repigncpé the J!EIG'“ s body containing

deterrm331| ng tmtggeigmmgaatpmﬁm tnhﬁntfoﬁjhgﬁhlgj socent er WI th respect to the one
or

mor.e nmonumnment | mast er ﬁﬁesc Rtloﬂ\“ e and the
center’f the bea Ws‘f"ﬂ"‘? é"sﬂ’é%"t“ hP?T T‘H‘E “Erf@atﬂf'" PP ek Hie dmapgiis beam s
i n theidpat i entrammittedinte the eagion oiaig@atiat’s haly mtxdedduofmuifmre nszytet en and 149

?ﬁ;?r t el Bgsf Ple oﬁl (S[)r;ceanmlﬁ the mﬂng%aﬁﬁﬁsr ithEs hreﬂqralgﬁ{tlatﬁﬂn the regron op t"ﬁ‘e panan?s boﬁ‘\y ar’rpved SO

137 capturing a patient orientation image of the region of the patient’s body that is positioned in said beam
138 _path that is provided to said computer system;

139 designating said one or mora monuments, using said computer system, on said master prescription
140 image; _ |

141 designating said one or more monuments, using said computer system, on said patient orientation
142 image wherein sa'i;i one or more monuments designated on both said master prescription image and said
143 patient orientation image correspond to the same point of said pétient's anatomy;
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150 the center of the beamw th respect to the one or nore _
nmonunment s coi ncides with the position of the 151 target isocenter
W th rewosshssas the one or nore nonunents. 152 PCHUs9noBge net hod
of Claim25, wherein the step of transmtting an imgi ng beam al ong the °
treat nent 153 beam path conprises the steps of: 154

positioning an X-ray source in the trd&tnent beam path; and 155

i nducipg the X-ray,soucrce to. emgnate X-rays alo t he treat nent beam pat h;
156 1 7. detaminiog i o psfionf thepeterf 35 wegift bop Wi Tespec 10 o g o
recei 145g themoremgumngtsbsmmtnﬂplpatnﬂammmgeng X- 157 rays after-the X-rays

have vel ed alo th throu sai d patient 8 -
28. g The net h%gmg%g'ﬁﬁ ‘7'""@7531‘@???':1" 'w'&'t"’é hto g'?&"@@f '!H’%’Ef"'!"ﬁé I magi ng
beam a7d capt imthe mgster piasetintionrimagd &9 the céntenéf lteibeam witheegrectdothpene 9more Moeuneite ps  of :
160" Clng screen in said beam path

. SO thz‘a‘%8 phot olﬁéhegmemnm ucg'géeﬁ'ﬁﬁg?gd& &tag{sﬁ'alé@ the X-rays of said
X-ray Weam i npact |41§"“!}‘!!9 the i ﬁwaewrzw thepaticatwil hagpto be moved so that the position of

di recyigng sai @l RHel @ 1BdnORE rapemm%a 40 %o ndofiméhts CcbibeidesVATR k- poskis of the
29. The met hod of Claim 28, further conprising the step of -positioning

a pai Mlof cr o'§'§°‘\ﬁ°?°@§”’§"5“’§§“i%‘h“ g On TR WMMBRed about the center of the
t r eat pgant beaZb'l patihe ﬁ\ahnil bﬂ!!amﬁz!if Whevsintthe bbp b FRasit@G arl iNGYing bk ShonditheQRatAdAPEAT S

165 i atient or ation imge at a point representative of the
cente?"-'at?1 ’ﬁb Prises A, 5& 166 . 30. The method of O ai m 25.

wher et54 t he steps nointmmnslaea!#ayrsgrcb ingheciredtment beapath; SA@NUMENt S conprises 167 the
steps,@of : 168 Y, a digit | e of said master
or escrilﬁpt ion i rragemdgmng theérasy sfun:e tndéféﬁ e%(r& glong the tr%me%l beémnﬁ%hm pul ati ng a user
i nput Mevi ce o a Tiomeibd Pftc'amnzst herein|ties] step ofl recgivingkstimagie bedm somprises pentiving Xi

di spl fy7€dyslaftbt the X-rays have travelél aﬁ)ﬁd e ﬂiat?d?lg%m patif i]hrough sajd patient. mani pul ating
sai d user input device to select said nonument, 172

di spl 8i ng a & gi tTe methd 8fLlagy 27 whergin tha sten-e{ receiing @nmwn@ﬁmua&*ﬂergeuw mtient spl ay;
173 159 orientation image gnmpmm@mfatl ng a user |nput devi ce to said nonunent on
the skeletal structure ofﬂ P 'E $d on said

di spl &, and 175 Pesmonnga '""m“‘“ sErsen n Wﬁﬁ?aﬁlﬁ?ﬂafq Wy "'é’é?f‘ﬁa’h QWpce RS ce to
sel ectbisai d nbenXiraysf said1XA@y beam impacting saidfhorescing sdrbed; net hod of C ai m30, furt her
conprising the st culating the relative

| ocat :Ia(?n bet ween t cﬁr];g sf'é'z'gméah ”Maﬁtpm totar{:gn ﬁ%?f’er prescription i mage 178
and t M8 tar gedd i sobemetod of Glains 28, furthan campuising the: stepr f |pesitioning a MAVRE crossmwiies so as VO
98/ 18

PCT/ U%?t/o heg cegtéred about the center of the treatment beam path so that a resulting image of the cross-wires appears

-19- 1Bfi7igsaid patient orientation image at a poipt fepresgnigtive ﬂfghqqq@m,treqtrgﬂiq b patbc at i on bet ween t he
sel ectggd nMoONWIENt Thélmithe of Thind 250 ivherdinl R Seds df%cﬁnﬂﬁﬂ@ne]ogﬂnre monuments compisgsl t he
cente tE said, beamline. 181 The net hod of C ai m 25,
wher e sﬁ fe P8Pep of deternining the di stance and direction the patient 182
will Iedve to be nulisgaying odighalimagsof pad hatenjragipton lne@ab a sispagr es fit between the
rel atjg¢e | ocati on e r ne or
ror o Bnument s of "t bl 5t el il b e Ml FRES Sl deriliin£ 0, 01

of thyocenterﬂnmﬂmmhmhe beam pat h W|th respect to said one or nore

monunggjts. 185 mampulatmg s:i@user mﬁut’ﬁevfcpﬁ':rsﬁﬂ?wd 'nﬁnulnmg' ng systemfor a

t reat 1n713nt beam t hedr ap XS em having a treatnent .
:splaymg a digital image of sald patient orientation image on a dlsplay,
173 manipulating a vser input device to said monument on the skeletal structure of said patient
174 displayed on said display; and
175 manipufating said user input device to select said monument.
176 31. The method of Claim 30, further comprising the step of:
177 calculating the relative location between the selected menument in the master prescription image

178 “  and E_e tarﬂet isocenter in said master prescription image; and R
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186 source, a beamdelivery systemw th a nozzle that is conflgured to

provi de ‘the treatnent beamfrom a plurality of 187 different angles, said

t her apeWQB¥183%&gi ng syst em conprising: 188 PCT’US9'é{¥P2§6ray beam
source nounted on said beam delivery systemwherein said X-ray beam source
s 189 ' novabl e between a fingt position, wherein said X-ray
source can project an X-ray beam along a treatnent 190 beam pat h

towargm a first si &lﬁuwﬁag théelstivid BatidhDbtweed sﬂecﬁ@ﬁ&ﬂﬁenﬂﬁ)ﬁlhktm orbfRGHH imeges ai d
X-ray 1 s renmoved from 191 said beam path to thereby aI ow said

t r eat Mnt bea‘f?f‘f"&“!"?‘é?féP““é’P’Bf‘fﬁ sai d treatnment beam path; 192

a fl upgesci ngazscr emp mithddiof Cishin 25) whaeimithe §tép wmmnmeweeﬁtaﬁbmtdu&ﬁdn%taaﬁm pat h
ecel ves..sa X-ra

wher ej aid fl
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199 aygar ot on beam infxerayauaam SifSelnR I balbedh dvEY HBert meﬁ.%am mabsamsﬁﬁh lsvery
systemw th a nozzle t | S rmthted on a 200 lgantr%/v hat said proton

beam &30 be cfé‘!"?h!fé’F’é’a"“t’ "‘f Ppafting. Wierein said X3y, ourca pay profac ’thew%i"mmvmer ein
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configured 2 nor e nonunent on said
- mast ef¥pr escriaid beamrpath gedgeoduses afasulfing phvsqnjimage; P'He rel ative 206 position of an

i socepgser to be t rﬁﬁﬁlﬁldcahﬂa Mﬁﬁi @ﬁﬁés%ﬁﬁ ﬁtnh%ﬂa M&IP fr5ﬁ§ﬂﬁﬁfore§cﬂg el afgne Or
nor e ppnument s wherei n said

contr&B er i s""!fl"i%‘\‘)’ R,‘Bﬁ'ﬁQ"ﬂlﬁ"@'d“°§6°ft"}?é°t9“%‘§?'ﬁ¥%'ﬁ\és body ‘l‘?él‘é“@%d A beAmPEY can be

desi grgzt ed OnsoRRik Shidafiehtcuribntationiifapé 8 isub@ntibliBrgittorted by iRadsifietidnd control | er can
line . wth

determ.ne the,rel ative 209.l0 on of .the center .said bea
res peiqs to sal o%@’ gfte'ﬂﬁtg%a'mngf ﬂheé sg'd Hherapedts gpaglrgﬁvsga ﬂ‘a“"&fﬂ?ﬁf‘&? 'g?d %O usi ng
sai d 198 aprotorcbeno therbpy Gystemdibving a prdtoe sonnge b beam ddiveryt spstemawitll asieeleithitdemauntedve acent er

with S | r r t ve
o SRR, S ol Gt RN S0 N e BT
of 21201 thesapeusin mnmncsvstemhecam'anﬁ prodycing wdtnwevteaep@tm image oven & plarplity eronmvoes of
NONUNBYRL Sig gaitg:esponds to the position of the target 213 isocenter with

respect to Sald one or nore nonunents. 21
203 35. The system of Claim 34, further comprising a contraller whunh receives a master prescription image

204 of a region of a patient that is to be treated and said patient oriantation image wherein said controller is configured
205 so that one or more monuments can be designated on said master prescription image so as to define the relative
206 position of an isocenter to be treated in the patient’s body with respect to said one of more monuments.

207 36. The system of Claim 35, wherein_ said controller is also configured so that said one or more
208 monuments can be designated on said patient orientation image so that said controlier can determine the relative
208 location of the center of said beam line with respect to said one or more monuments and wherein said cnntmllér
210 using said relative .positiuns of said target isocenter and said beam line center with respect to said one or more
211 monuments determines the relative movement between the patient and the nozzle requifed so that the position of
212 the center of the beam line with respect to the one or mare monuments corresponds to the position of the target
213 isocenter with respect to said one or more monuments. | )
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