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Background of the Embodiments of the Present Invention:

Cancer treatment systems that use an MRI device and a beam generator are known in
the art. A number of existing treatment systems damage healthy tissue surrounding the
cancerous tissue being treated. The systems described in this application improve existing
cancer treatment systems to, among other things, minimize damage to the healthy tissue in
the area surrounding the cancerous tissue being treated and provides greater assurance that

target tissue is killed.

Brief Summary of the Embodiments of the Present Invention:




Brief Summary of the Embodiments of the Present Invention: In a first aspect of the present
invention, there is provided a photonic based noninvasive surgery system comprising: an imaging
device for taking real-time images of a person's body to provide details of internal physiology; at least
two beam generators for generating beams of energy for delivery to a target in the person's body,
wherein the beams of energy intersect at a point; a processor configured to perforin feed-forward
control for precalculating anticipated deflections and resulting pathways as the beams of energy travel
throughout the person's body, and configured to perform feedback control through information
gathered by the imaging device, wherein the feed-forward control and the feedback control function in
an integrated mannelirhmeihodtie st sshbioreneone s sfaEidsd is PIRsHibEa4e@inot radiotherapy
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person’s body to provide details of internal physiology; at least two beam generators for
generating beams of energy for delivery to a target in the person’s body, wherein the
beams of energy intersect at a certain point; a processor configured to perform feed-
forward control for precalculating anticipated deflections and resulting pathway as the
beams of energy travel throughout the person’s body, and configured to perform
feedback control through information gathered by the imaging device; and a plurality of
nanoparticles attached to the target or within the target, wherein at least one of the beams
of energy is photonic based, not radiotherapy based.
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surgery system that includes an imaging device for taking an image of a person's body to provide
details of internal physiology, and at least two beam generators for generating beams of energy for
delivery to a target in the person's body, where the beams of energy intersect at a point. The system
also includes a means for feed-forward control for precalculating anticipated deflections and resulting
pathways as the beams of energy travel throughout the person's body, and a means for feedback
control through information gathered by the imaging device, where the means for feed-forward control
and the means for feedback control function in an integrated manner. Another embodiment of the
present invention is directed to a photonic based noninvasive surgery system that includes an imaging
device for takinglan iivtaesstes perdsschodytsephovidbotre taipscatdater PAPEIyS RS/ L%hd at least two
beam gengrafsite forgeneratingcbeansof energpiog delivefptoakitgrgel-tinthenpersost'a body along a
certain pahyay: swaatadhehrrnasai eherayinieiresh RS Gertall Aoinandhwhesp e beams of
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the preseniihwéition dsedicesiedftmerphotenicdase danainipesiyve surgeyr systemreline system includes
an imaging deyigedal- takingialinage 9f-ecRRISANS RadyiaRl vtk detalsofdatrimal physiology and
at least two, peAmJe AR AIAIR,OF ARNEVAlinA REAIA L AREIANIA CBlueTv e A faastinghe person's
body, where the ‘beams of energy, int ?s«raﬁlc?:;&atace tain poipnt. T_Re.s stem |ncludes a means for
feed-forw%@&‘ﬁt%?%?%&%‘ﬁ@%I‘i‘:?ﬁ?l‘bgg ' Bﬁ?&ﬂnd%?}g%? & l?gas%ﬂﬁw "pathWAY ‘as the beams of
energy trankirahif od heuerive ey soacheb iy e thennEher gt dsnes| ahssytformation
gathered hy theteaaginfjcderdeesahadtarpiuradity, abhendophetigiedattdched to the target or within the
target. Another embodiment of the present invention is directed to a photonic based noninvasive

surgery system. ThesysiemNgHdes-andhaging deyicadoriaking.an nagadmtiapgrson's body to
provide details of internal physiology and at least one beam generator for genegratinglgbeams of energy

for delivery {8 et MAHRBErS SR BEEG IR 18 4%t BHR SR AR A RIBP It RIGe L 2885 processor
for processinglthéibeam fropmtbey bedrt Fen eratbraang thetbe don gcoteneg fyentarSactat a certain point.
The Syste%rad%&?ﬂu%&%ﬁnﬁﬁ@ﬁeﬁfe&i%ga@rmw&99&591491‘ Presaleulating:anticipated deflections
and resulting pathway as the beams of energy travel throughout the person's body, a means for
feedback control through WO 2009/045411PCT/US2008/011329 information gathered by the imaging
device and a plurality of nanoparticles attached to the target or within the target. Brief Description of
the Several Views of the Drawings: Fig. IA is a view from the forward end of the MR1 device. Fig. | B
is a view from the side of the MRI device. o '
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Fig. 2 is a system block diagram showing the features in an embodiment of the present invention.

Fig. 3A is a view showing a beam generator and the beam's deflection when the beam comes into
contact with the skin's surface. Fig. 3B is an enhanced view showing the beam's angle of
incidence, ar}ﬁ%zﬂ?%@ﬁéﬁion and angle of dispersion. Fig. 4is a view%‘r‘}m&?ﬁ%ﬂﬂ% generator
and the beam's deflection when the beam comes into contact with a person's skin, bones and tendons
before the pséaim Theshsentmstmiemindesia meankigr fepsdfoneordpowielfer scetelanaivarious parameters

inC'Udi”gaWt%FﬁaQFﬁ&’é%@&i%%QﬁQti‘éEhﬂng pathdagthyienons o towr &1 9hB0eREY:ake used in

embodiments of the present invention, %gé 6 is a view showing four e ectrom?z/iﬁetic beams in three

dimensioPRIFERaR04Y, apdgameansrfsrdreihech sqnteaibeeih pofpmstioneabersfinydhe (Figs. 7A and 7B)

and six cylipsiasddvigs; wherthe/ Mans fdrigsdSMranciGBrars Mirbeshonin heleedtantagnetic waves,
two waves infg)gase (Fiﬁ. 8A) and two waves out of phase (Fig. 8B). Figs. 9A-9D are views
showing TRBTRIPESEREABIAR R R B Fis (Figs. 9A-9C) and three beams (Fig. 9D). Fig. 10 is a

view of an electromagnetic wave.
Another embodiment of the present invention is directed to a photonic based non-

invasive surgery system that includes an imaging device for taking an image of a person’s
body to provide details of interna! physiology, and at least two beam generators for
generating beams of energy for delivery to a target in the person’s body along a certain
pathway, where the beams of energy intersect at a certain point and where the beams of
energy include different types of energy for delivery to the target along the certain pathway.
The system also includes a means for feed-forward control for precaiculating anticipated
deflections and the certain pathway as the beams of energy travel throughout the person’s

body, and a means for feedback control through information gathered by the imaging device.

Yet another embodiment of the present invention is directed to a photonic based non-
invasive surgery system. The system includes an imaging device for taking an image of a
person’s body to provide details of internal physiology and at Jeast two beam generators for
generating beams of energy for delivery to a target in the person’s body, where the beams of
energy intersect at a certain point. The systein inciudes a means for feed-forward control for
precalculating anticipated deflections and resulting pathway as the beams of energy travel
throughout the person’s body and a means for feedback control through information gathered’
by the imaging device and a plurality of nanoparticles attached to the target or within the

targel.

Another embodiment of the present invention is directed to a photonic based non-
invasive surgery system. The system includes an imaging device for taking an image of a
person’s body to provide details of internal physiclogy and at least one beam generator for
generating beams of energy for delivery to a target in the person’s body. At least one beam
generator includes a beam processor for processing the beam from the beam generator and
the beams of energy intersect at a certain point. The system also includes a means for feed-
forward control for precalculating anticipated deflections and resulting pathway as the beams

of energy travel throughout the person’s body, a means for feedback control through



WO 2009/045411PCT/US2008/011329 Fig. 11 shows three effectiveness curves when an
embodiment of the present invention uses three beams and nanopatrticles are attached to the
organelle within cells (curve A), when an embodiment of the present invention uses a single beam and
nanoparticles3HEYX5 an organelle within cells (curve B) and when corRiFitisH@bitdation is used
(curve C). Fig. 12 shows a two story embodiment of the present invention having an MRI or CT
image scawriosmpdicatgdthered figstieimhamng terdecbodm peraditatof salisposeb oatackmdac kel. Fig. 13
shows a”t&ﬁ’é@é’ol?%mih'?ﬁéjtg? gpmbination with a beam generation unit. Figs. 14-19 show a
sequence of six frames of a control sequence for an embodiment of the present invention that takes
into considera tial aiming of the beam generator in relation to the target, uses the
feedback-eHEFvEISERpR o theseveraiyigusabthe Dravingsiirol to adjust the beam until the beam
converges on the target area and after releasing the beam pulse, to destroy the target cell. Fig. 20
shows an embodiger &f aviesficsp ke faandrdiend ofsbadd Bidlsegsor) where the mirror shield and
tunnel, the first mirror and the waveguide cluster are the components of the beam splitter and the final

mirror is the aimeig. D@tadlediBeIrsiRtin seidbe thenardigeerts of the Invention: 100011The
embodiments of the present invention as described in this application provide a system for targeting

specific cells sugk I : | i C gﬁn n-cancerous cells for
the delivery of eﬂ%%%ﬁﬁﬂ?%%g e%&%?r]l %’? |%§t%%§i% ﬁ{e%%%gé}t %%r?tge%{%ated method and
delivery spisasst thugigmpable of delivering energy to a specific cell or group of cells with minimal or
no damage to the surrounding tissue. 100021 The technology as described in this patent application is
an innovation infigelf A a view showing a beam generator and the beam's deflection when the beam

comes into contact with the skin’s surface.

Fig. 3B is an enhanced view showing the beam’s angle of incidence, angle of

deflection and angle of dispersion.

Fig. 4 is a view showing a beam generator and the beam’s deflection when the beam
comes into contact with a person’s skin, bones and tendons before the beam reaches the target

cells.

Fig. 5 is a view showing a scale and various parameters including watts, gradient,
absorption and cell death when one to four beams of energy are used in embodiments of the

present invention.
Fig. 6 is a view showing four electromagnetic beams in three dimensional space.

Figs. 7A-7D shows the intersection point with three cylinders (Figs. 7A and 7B) and
six cylinders (Figs. 7C and 7D).

Figs. 8A and 8B are views showing electromagnetic waves, two waves in phase (Fig.

8A) and two waves out of phase (Fig. 8B).

Figs. 9A-9D are views showing the intersection point with two beams (Figs. 9A-9C)
and three beams (Fig. 9D).

Fig. 10 is a view of an electromagnetic wave.



it also involves the integration of many other technologies such as imaging, radiation, microwave,
ultrasound, lasers, robotics, and more. The embodiments of the present invention include subject
matter directed to targeting, control, energy delivery strategy, energy delivery mechanics, and systems
integration. [(BB34%HéMEnefits of the technology are far reaching and extBh# e BEIBAd healthcare.
However, healthcare applications are the initial focus of the invention. For WO
2009/045411PCHig. $Pelosro thze o idseiivpiesstherisverivorraseibaeiiprnd olethapiera)tbe used to
eradicate 3BeE5 RIS AW BERINIRSDRANMATBONL e BREAINL S Wigehv EUmina e QEgRacer cells

applies to tumors and may also a%‘)ly to metastasized cancers that have spread throughout the body.

As the techhotbgh 18 gRbedEEaehias rieseaaME TR atinglviPeRBaah faseRstitlFfections from
the body. ddis@raas svekzasHenatitis BIRTAUNDS) My BeaurtAiben palenial spebications include
selective %Iimination of cells in the prostate or other parts of the body. Reducing the size of the organ
or improvirg its function or destruction of fat cells for health or cosmetic reasons are also potential
applications. Non-cell material may also be destroyed or loosened for benefits such as improving

blood flow or makigig fothepmateasion fmbadinvangiizaenesenslesrieon hpengan Yddivid-dnd Repair.
The field gf materialscisRaedBakes-HIBRT XtRYRIORAR FER iRk ABE SRR IbMAISH&I T /e availability
of the present invention's high energy intersection point and accurate aiming could be of significant

value in this industry, .The present invention wijll rovige qu capability to pinpoint problems and take
lﬁﬁ.)f sn'xo&sanx-ra?/\i)eam %Stl?g \}éﬁC(ll’B lé)g En wﬁgaég é)en I&L rpuml?

n
. 1o .
action to correct problems on a microscopi aboratory Us8s - Chemical Analysis and

Crystal Analysis. Scientist working on the analysis of chemical compounds and crystals will find the
present inventiofigte4m SIS B EsareseH sititEawss fchoprifebisasacediean gatadimsiight

otherwise Jyerll ysiven: The:fizs WM AKEYIAIE CrsidelRldherRiRSanhéMani oS H3iersRe ieampoint would
again be the anticipated benefit as compared to other alternatives for this type of \s\]{gr )
[
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[0006]EraBfBSIRSF ot FREHADID G trartetisalis SedaRTh A e R SUPb ity feed-

forward control to adjust the beam until the beam converges on the target area and after

releasing the beam pulse, to destroy the target cell.

Fig. 20 shows an embodiment of a beam splitter and aimer (beam processor) where
the mirror shield and tunnel, the first mirror and the waveguide cluster are the components of

the beam splitter and the final mirror is the aimer.

Detailed Description of the Embodiments of the Invention:

{0001}  The embodiments of the present invention as described in this application provide
a system for targeting specific cells such as cancer cells or groups of cells including
cancerous and non-cancerous cells for the delivery of energy such as radiation. These
embodiments also describe the integrated method and delivery system that is capable of
delivering energy to a specific cell or group of cells with minimal or no damage to the
surrounding tissue.
(6002} The technology as described in this patent application is an innovation in itself but
it also involves the integration of many other technologies such as imaging, radiation,
microwave, ultrasound, lasers, robotics, and more. The embodiments of the present invention
include subject matter directed to targeting, control, energy delivery strategy, energy delivery
mechanics, and systems integration.

- [0003) The benefits of the technology are far reaching and extend even beyond

healthcare. However, healthcare applications are the initial focus of the invention. For



cells. Thus, the methods and systems described herein can be used to control or improve the function
of cells. In some applications, energy of a lower intensity may be delivered to the target point to
stimulate cells or provide cell therapy. Cell therapy may also include thinning the cell membrane,
moving cells, Yis#t8§tattg or destroying unwanted internal cellular materRITdis#8EE a1y or
destroying unwanted external or non-cellular material, and stimulating internal organelles through use
of harmoRKkaPEO O e Ries ah S pavabribhevsin Rudibehebip Eadinalermanceresileneyysréseused, the

present inyeptien differs FBQ@WGJ@E!Q&M'Efi}éﬁréwaﬁ;@ﬁhéi&lé@?‘é’éiﬁbﬁi& s AifgieRt,modality to

cause cell death. Second, it is dependent’on volume of photons per second to increase wattage rather

than enelfSPFEPPHGBIIAHFeH FBRES Detbrvsserspdibresgoyihedisdre Lothaiesbnpipgidiate cell
death in assie@mﬁ&aﬁmwtbl%ﬁwﬂm&mﬂ;ﬁmﬁmmgmﬂghawﬁi@tdﬁﬁxﬁ@%@ﬁmf ; gPydining less total
energy and less energ r photon. Fifth, the target selectivity mechanism of the present invention is
mechanigﬁlfe&?éﬁlfﬁf‘%g%g%ﬁtbﬁ%ﬁé NES B3 ey P@‘Fﬁﬁg%eg?&i& S3UY PEiFto the target
selectivitpatcarictiiagyowbitteis hialegieadtarter oseupnoniilaiied andadweargaie size of
100081Radigtherapy seeks to.create large numbers of.free radical ich in turn.cause double strand
breaks inaﬂ(%e8 %%Ad%%ﬁ%igvﬁ%%&%s i[r'lgllr%t §F%ﬁ§e%[§udp§ régfaf%ucl tﬁ%é}épﬁae\léﬁr}ﬁgé SIS for fﬁlr}sstype of cell
damage. Fhélutordentisiopmdicasipraudianvesil makarichenrerpiiorbe distriged witlhesdneddorolume of these

breaks. ERcRARPRLMIAN SASeHI ARACNA? IRCreRsS {8 ALANR IHERAYLdRaking subsequent

treatments less and less effective. 100091Thelz]present invention causes the immediate (within the few

millisecon®08t tre Matsiele Ssighven dawxisrdsaorecrhB iteddeSfidmhmaetal cigmdguptures

internal medy anestol th eeldalpaysaalll deaih rasa JiThbienR BN vty es:girectly initiate

apoptosis or self-digestion of the cell. Apoptosis will also eventuall ur with radiotherapy in cells
R S SR BR PERS R AP A A B AU B GO b ene 57 ¥ bieath might

that die. ng\?vever,
take daysmothevieduseeeksTafi@rdseattineaitidiisilt frecrlashethepatidigabqrispoinagiobienaaudre much

farther uQagtpagg&iﬂé)f:g#g&t&g%gqulpalgggfg’q%ltpo%wéeractions in the present invention. The farther
' ts. 1

up the chain of events the less certain the results. 1 1The present invention uses a plurality of
beams tol##8fdase Hebarmemydses a Shaatical Analysis and Crystal Analysis. Scientist working on

the analysis of chemical compounds and crystals will find the present invention’s technology
usefui to expedite research projects and collect data that might otherwise be illusive. The size
and accurate control of the present invention's intersection point would again be the
anticipated benefit as compared to other alternatives for this type of work.

[0006] Eradication of harmful or unwanted cells can improve the function of surrounding
cells. Thus, the methods and systems described herein can be used to control or improve the
function of cells. In some applications, energy of a lower intensity may be delivered to the
target point to stimulate cells or provide cell therapy. Cell therapy may also include thinning
the cell membrane, moving cells, disintegrating or destroying unwanted internal cellular
material, disintegrating or destroying unwanted external or non-cellular material, and
stimulating internal organelles through use of harmonics.

[{6007) The Present invention vs. Radiotherapy: Even when x-ray energy is used, the
present invention differs from radiotherapy in five substantial ways. First, it uses a different
modality to cause cell death, Second, it is dependent on volume of photons per second to
increase wattage rather than energy per photon. Third, it makes better use of the cell’s own
devices to cause immediate cell death in a single treatment. Fourth, the present invention
avoids most DNA damage by using less total energy and less energy per photon. Fifth, the

target selectivity mechanism of the present invention is mechanical, external and controllable



target volume. Each beam introduces additional energy into the intersection point. The sum of the
electron voltage (energy) in the intersection point is controlled by the number of beams as opposed to
the greater electron voltage of the individual photons in radiotherapy. This difference is important in
that it allows Y& 3§5f88&¥t invention to: a) use photon energies that are moRCAERANPEHISIDed, and b)
introduce less total energy into the person. 100111The peak energy arriving at the target is similar in
absolute veitieIsSHRaba tHigeppelsehvinveadiPBstrpA bRk ia Bjoiegiftels irteamaliferent form. The form
used in thg,QyRSEMURVEREIARdS-A&iromparatively high number of lower energy photons as opposed to
radiotherapy's use of a lower number of hgger energy photons. [00121The present invention uses

high wattHf9% the Fartirdasrannh 156k focerisdenendmrbars Af Bes wsicy) cahifbAaduBhsaEstricient to
rupture thi> ibebranescakcall egaNallesubiéieuk Ruanng theearlly M seodisriiipar are the result of a

large volume, of phojon attenuations. in low en interactions. Radiotherapy js more dependent on
the highePER ST OB FPRARS g TF 1 SPORREEABH B SRAEATS A ASHAR of breaking
DNA stramashf@i8dTthe present imveofitresadesalts. itisrls éctiongpo iciuandior matyadesteategy to
assure selecihih of talge! elle. a3, 0Reased ianRuAael sl Jigeomputers and manipulators in the

present invention's architecture e selectivity associate he'lntersection point.

Monoclori@f@Pkibodids presthicintgnstirepeaes deeisungdnth 6 itbindrofsar ieibisgsandelefa second degree
of selectivitudALnePIGIeH! iavs AHPRyAdI IAISHDE Laleniss Favysh 1he ARRgeallidsalo accumulate

in much higher concentrations in cells of a certain type. Cancer cells can be targeted in this way for

instance. BRRREssAE s blerfintse slbdeathialbersdivuntiens sl inpoirendigytiaiinas to allow the

present inpepiien e sapagzealbeedtine that oulpoitosiergll aldberiesan brvantion eandagagiysted down
toa Ievel.sucn tft‘g;tt o cell death qceurs eﬁce tV\{h?.n E\e Q)eETs intersect where l[[lze' c%ncentration of
nanoparti‘@lgg 18 BRVE the IreEh ol Ta T AR S U RERT8 83 iéltlyg .*u?f‘?h%"\ﬁéﬁ? & g §ent invention
doubles itmdargjbtiegiansghbnge dhes taibven wods itthateadthimg Thppehsctais dadlifiteitagothe
nanopartic| jon | [ ' j . hj e ' ee of
B A A R AU L R e
dependefaupEaettdnrentdiviside &ythensnsdieehsimidterenks (il loes desainbelrephliscells are particularly

vulnerablgiq dPNA sHapaiuaake-atierials sHeRROQT Felaas igRreruclion Lance cq!mpend much

more time in reproduction and are therefore more vulnerable to radiotherapy. However, there is only a

higher priB8EiNG imS-cEAT: Prasdnipdyeshdilienale rwis e ARt o IS eI RUNG IAes¥Th division
and will ber kidedeaonsarnszeqaaat Peltsdlimeatbeicividing iattierined 6§ mdiathnepy teatmnent and

fis o KT PEVTRD CaRE R b AR Ao e MR R PRty JBMome wil o
killed durthffesdistrerapyrtari enchelicailosvalbe presrtherenserotway techcertizirethas thet healthy cells
in the patly of, e rage@amaeam ¥ylLASERG Kl§tal energy into the person.

[0011] The peak energy arriving at the target is similar in absolute value between the

present invention and radiotherapy but it is in a different form. The form used in the present

invention is a comparatively high number of lower energy photons as opposed to

radiotherapy’s use of a lower number of higher energy photons.

10012] The present invention uses high wattage in the intersection point to create

chemical and physiological disruptions sufficient to rupture the membranes of cell organelles

without burning the cell. These disruptions are the result of a large volume of photon

attenuations in low energy interactions. Radiotherapy is more dependent on the higher

energy range Compton interactions with high production of free radicals capable of breaking

DNA strands.

[6013]  The present invention uses its intersection point and/or nano technology to assure

selectivity of target cells as opposed to non-target cells. The computers and manipulators in

the present invention’s architecture control the selectivity associated with the intersection



[00151The present invention also has the potential to kill healthy cells but the probability of such is
substantially lower than with radiotherapy. In fact, the present invention is no more likely to cause such
damage than a diagnostic x-ray (the present invention may even be less likely). [00161The risk of
secondary can€e¥¥i9418d much higher with radiotherapy than with the pre$&iHEfiz0eitiasoThis is due
to the difference in total energy introduced in the patient as well as the difference in primary cell death
modalitiepointe MesbbiwaksntiHoliés siratids vagefait andaebedtanzpiedificasiostic RN#estidends. Some

percentage. gl dhese. Moty eAlns DBPIME PECANIANAABRCYR: (QALAAARIGAILalS at the

embodiments of the“present |nven[jpon are g!recte o treating hu Ings; however, animals such
as dogs, Bapsperticlesdy assybelate inaaughihigieqorssametions itialkird arertatiume fRanverdefinition of

"person” 51i43aH B e GRIMSImNA 2 ASdRAL1 BCLISSRRMILAZ 100 A0 B RwRIN Figs. 1A

and 1B, the embodiments of the present invention use existing image acquisition systems such as

magnetic FESSRAME fFRETRGTEMIER B ralaM iR RS SRY SRR (CoPUts A #e8ta B R Itbut image

informatidnio ef eanpielsySiernsdawaniBeigjiudwddehiagetsweain ealladeciestimaienssThe control

system then aims two or. more preferably very narrow beams 2 at the target arga in the person 3 using
ik Wefe e R AeooE

continuo R FEBHIACR NIORFIE INSTHE LDETE MG SR AN SHARRRALNIANRGS Ay &M ibed in further
detail beldwesha diisteidenofitsois:thieabe sarg:ania thsimintetisityrsasoh ithantidiedotivdebéams converge on

the target a burst of intensity.is sed, In.t rHeul imen in Fig. 1A, a view of the
person 3%%&?%8%#55‘ rmg\%éé]g %@ﬁz%oﬁgaqep At %rtﬁ?o Z{‘k fggsaﬁ%%géggﬁé %ﬁggﬁﬁgn%ghow_s three
orthogonaiebepartiglsrrenteyisatielidp deelputmbatigreaciim anthHigeietvbasmthdhismbodiment

from a SiQﬁg}E&r@‘ RAEeRiS RHNGIHARSHNRRIHIIORALDRAE IR IRRRIQE s iResaR Of ordinary skill in

the art would readily understand that the beam generators.2 may be disposed under or qn the side of

the MRI d20#4 1. [oBadethseapvImHePSIdsBLRS Dk erllidiNiRos Hrds dasssh by beetise i plication.

Each be destroyed. The cells are particularly vulnerable to DNA strand breaks at certain stages of
cellular reproduction. Cancer cells spend much more time in reproduction and are therefore
more vulnerable to radiotherapy. However, there is only a higher probability the cancer cells
will be in this state. In reality, some normal cells will be in division and will be killed and
some cancer cells will not be dividing at the time of radiotherapy treatment and will be
relatively immune to the treatment. This is why radiotherapy takes multiple treatments and
often fails to kill all of the cancer, There is no way to be certain that the target cells in any
volume will be killed during radiotherapy. The corollary is also true: there is no way to be
certain that the healthy cells in the path of the radiotherapy beam will not be killed.

[0015] The present invention also has the potential to kill healthy cells but the probability
of such is substantially lower than with radiotherapy. In fact, the present invention is no
more likely to cause such damage than a diagnostic x-ray (the present invention may even be
less likely).

16016} The risk of secondary cancers is also much higher with radiotherapy than with the
present invention. This is due to the difference in total energy introduced in the patient as
well as the difference in primary cell death modalities. Intended breaks in DNA strands can
fat] and result in modifications to DNA strands. Some percentage of these modifications
become secondary cancers.

[0017] Applicant notes that the embodiments of the present invention are directed to
treating human beings; however, animals such as dogs, cats, etc. may also be treated using

the present invention and are included in the definition of “person” as used in the claims.



beam's maximum energy delivery is less than the minimum to cause damage to cells. However, at a
focal point where the beams cross, the energy level is 2, 3, 4 ... times greater depending on the
number of beams used. Such an application allows the device to destroy cells deep within the body
without daméﬁ@ %8”?1‘1‘5‘5546}r0unding tissue. Each beam passing through thg%ﬂyﬁﬁ@ﬁ{fﬁg beams
going to and from the target area) has sufficiently low energy to prevent and/or minimize the damage
to healthyf@Bje surresindimgaRiggdtiasad, ! Be thosinihdiceeotslisfitheirsasenh irpferiiensestion receive

sufficient SOsHfl f%%g de {8}{89-55%88%9%53&% RS CRBRERN: ARSRNMRIT 902 BiRed

embodiment Is an rnative to using totally separate beam generators. A single beam generator

(x-ray tubentegiaphy)(CaR ber §didsanidanuiyidpeeir&enition inth ésoHahase A ¥dments can

then be dﬁf%@%ﬁﬂ%&g&?é&:ﬁ[ﬁ%&@l@mru@s&mm NOECRAIS Eodunethinaiseshane:easrplexity by
eliminating beam generators but adds some cost and complexity for ﬁprocessinlii;?thg_%?g%/c elements of

the one réTRETHIRLY BERHATENS BSRIRS PG B BSa I ASAD (R B RR St SRR [k irrors to
select andreirnabt heaginglerpenisdoddifyastiretigh mullipitgwasaieuidbsidnduhien deeibbiditianal mirrors

to direct each beam element to an intersectian point. In ition, anpther embodignent o{ht@e present
inventionti?‘u“zfzFG(&teeénecacl’c%rcg]s 3 eﬁ'ﬁ‘lsp?é“gte%aeﬁﬁ !Ster?glrgt%l%%ﬁhqgélr%hgngggkrtﬁe%?osc%)ggofg(ethog beam
processotargduabsrst bémterstjtierengaiminghdoaceubs sodatitevitihie wineMpodhmereRaving the

features Qif%h*a%%?;o%@?%&ﬁ%f @f?ﬁﬁ‘ﬁﬁ%ﬁ’e‘“ A3 @fam&rﬁaaf@sﬂsmram§ éé‘fcl)%éﬁ%%ﬂﬁe the wattage in

the intersection point and expand the usefulness of the present invention. W

2009/0458 MR SbogIpalitsan BORSTEAS LAGHATIA FgYe ik B and g d &St beams
provide smaligLiniRksartion Rets fRkibrerarikod herembadiverisbansdadtiBEndA-9C shows the
intersection point of two beams while the | mb%diment %%gwn E{Fi%i 9D sgoigas Lﬁt ird beam with
fractional SRBSFAEE oA ESHBH P TR &t PHBE ATS HARR AEAT SRS AR G iR ®en greater
precision garibeteig g ibdiipdidduatbanros tedidatchetgidhixdicialadditional signal processing to
provide an "energy level" feedback loop, whereby the electr ' r ithin the: intersection
point is m g@%fed. f;snélﬁrér%ryoﬁ/eeﬁwgpér%sggr ?ot)élygl %o toéép%%%%ggé [grﬂ%ag ‘éYéﬁ(})lfB t 'e%}%w%rsection for
beams of monsamapomer citkesiddiviths iase tbestibnmivimernnip ¢reseslamresdarddias a function of the

eneray leygl edback d0RBRITERIS RD dRsbet ALLaR ) 80N oGl aSfarget and

rupture the mitochondria, lysosomes or other organelles within a cell, which would result in the cell

being disssRaing IR EaEbims Sigthadpdkaripmi e hainy sdands istidtshitdtnat there
may beI Imﬂp&éﬁiw%ﬁanﬁéiadagsom;?Ml%@mm aaar@aaelgmsf&e E/aﬁswﬂﬁs)a]a@dn@tﬂeg
organelles in each cell. Killing the cell would require, the majarity to be ruptured..C eath by any
mechanistr e ey M”ﬁﬁédé% FATSAYR&IS e %E%mgeﬂ%.t SLRIRY %Fﬁ%&%ﬁrgbﬁf}f lysosomes or
other organelgstthavallttiigher digastientef dhaxge tptealdestisesigniiicadinpenefiedfreducing the
amount of enetqy reguired,to accomplish the tas illj ' l,.[O referred method of
accomplis%ﬁ'gt%F 3%@%ﬁﬁsﬁ%%oﬂ%%%wr%ﬁ%pgﬁﬂE%%{}}%gtuﬁé@ﬁg{%%%%g%ﬁe Ie{i\;k\%?‘ﬁi'n cells. The types
of nanopd 28k incBetendittittcafisoreptorhnshenatie Rgtéfdhic smpedimemitan sisativane, bubbles,
springs, colfaerda g GRMNDEYIRRIRC ATl a be.RlsRHAs eatinapihiRatle fsgnelle causes

expansion and rupture or heating of the cell that leads tq the cell's death. Another ap‘:@roach of

accomplidiidiyidad deiatmudtipls Reath @l FReBl hARTS TR B RE BB SRS A SREE ARG material.

and used to create an intersection point. This reduces the cost and complexity by eliminating
beam generators but adds some cost and complexity for processing the beam elements of the
one remaining beam generator. This embodiment of the present invention uses x-ray mirrors
to select and direct beam elements to drive through multiple wave guides and then use
additional mirrors to direct each beam element to an intersection point. In addition, another
embodiment of the present invention includes each of the multiple beam generators having a
beam processor (the beam processor includes a beam splitter and aiming device) associated
with it. An embodiment having the features of a beam processor associated with each of the
bearn generators will increase the wattage in the intersection point and expand the usefulness

of the present invention.



100241Alternatively, the outer membrane of the cell may be ruptured to kill the cell. This may be done
using fractional intersection of beams as shown in Fig. 9D such that a small portion of the cell
membrane is inside the intersection point. The burst of energy at the focal point caused by the
intersection SYth&¥ 4 fidicreates a hot spot resulting in a hole in the cell FeRBTA& /& hole allows
the escape of cellular materials and death of the cell. This method kills two or more cells at a time as
the memiiP8aélof adjashowoetid e Hs8Pupreiotrsendonytbhssraeproibdel seaten \Witrsassgoy single

cells or small gravps §1\GelS usiPgROmIRhaH SidhA ﬁPﬁg@. FeibedsMeiniieeRcomaAteimage
resolution, beam size, targeting, and aiming. WO 2009/045411PCT/US2008/011329 100251As

describeddboama While e srebedbanrichrdntie e EBrnve AtbRd herm s tidigtiotbirality of beams
tﬂat incri]ivmauycd@mragb C}é@aseimﬁ@awf@f{mggw' | ilﬁwg]gtgmingma@%a@gra@&h?y pass

throughout a person's bady. However, when the pluraljty of beams, intersect a burst of energy is
created tt?é?‘ﬁﬁ@“th‘é%ﬁm&gl\{g? ﬂﬂ%‘f‘%“&%eai%ﬁ“#eyfpagcﬁg}&wfb BRI Tlsllﬁlfﬁlg art to further
understangdhesthynanpes diceatechtosthiz i feedibiak paiptwhigels; for dranoptegstitvesdaly intersecting
electromagnetic .beams in a three dimensional space. Because. the beams lectr etic, there
IS No neeﬁ%r!%}éenﬂtgrgeécggﬁ onlgtr.lsirrln Tcaaéﬂrfh(?é év%%}é’%eé%yﬁ%‘f’gfv‘éﬁrﬁ %%l?gfégpﬁgﬁé%%%\%% if they are
orthogonak frimsiemd derliv tofstetiont&rsbeting of avestdnt hemeumibe tecarhiiiriersestigrenieigividual

waves wiigly WeH gl e HRCHURCIe LA X Yo abapiltiple points within the intersection
point. Each repeating wave element would display this maximum KeV. 100261A person of ordinary
ié’a?dfl

skill in thd @R HouldTheatisemsdisrstilicd heasiterhHldamporgsthrpbingss tessand rupigs Himensional

volume bgingdssaetadipetbaay sferiied ambedinentsiok bha presantisvantamndesssibad herein. In
general a_point has n

o dimensjons. The focal point is defined hy the intersectiqn of the beams and is
approxim 3tk %S%ﬁ%dc}lf‘fﬁbvg Bre\ps ﬁ@f&%ﬁiﬁﬂ&ﬁ‘é%fgswe%égﬁe@fm?’e BEERE Given that the
peams ar&;ayﬂiqec&jmb?admﬂgﬂ%aﬁquﬁhiﬁmmwﬁ@mmmsmmhr:;ipkctuabsm& r:)f (;he
intersection paoint is ca a.Steinme id. 0 I . | ahedron
aving, (Ao B peeaneiee i SOUIEHE SO e (O SARE L R BlE oy B RAE

arrangem@ei ittt tloamns msabpiirie wakidtreanreintto gytnthel digeton of de setbhétirskirgdreover, in

this arrangemany f vlidethampic e EleterpURatkbinthe formula
(16- sqrt 128&?&%&%@%@%@%&%@%&& a cube-octg %!{je?%%gfavin | SIX cyIir%ers through the

midpoint sEaHirrEdsaciicisduring thiemeuriRimRFRIvBRh R Bsremelish bt AbkERen is (16/3)

(3 sart(12he parkt3edilr3. When using a preferred embodiment of the present invention, orthogonal
beams provide the preferred and pest possible targeting, as their,intersection point.is the minimum
size. For of &ﬁé?ﬁ?ﬁﬁi@?%%‘%f%ﬁ%ﬁ‘ﬁ%ﬁﬁﬂ%ﬁﬂ) %ar*si,stwee Pﬁfe?§88ﬂ8ﬁaﬁéﬁ%$tsé%a§ the shape of
a modifiedtatinmet preatidl ot tbiroveily. Adrdppicaefion® pedidiesgneiode tokh thrbenbwams, the size
and shape, gLl issesion Rl ok g hepbs inlesadapengsntoudiic fgleal convergence.

L} 1 3 2 eé t ¥ d

. tic iert . .
100271F|‘gn.a§nglsor§ﬁ§wst at the lower concentratioh mo beanis improve image resolution

and controdithivadens thpeafc TarsHibe Belkever thralirmwithis e eteanetis s sxpiirionapte beams of
ionizing ragliation, af {hef6AlRAIBE Fa IBXATP I8 iy atandradisRt: as-ehgoeption and cell death are
greatest when four beams are used. Like an o

accomplishing cell death is to use interlaced harmonics in the beam strearn to affect cellular

material.

[0024] Alternatively, the outer membrane of the cell may be ruptured to kill the cell.

This may be done using fractional intersection of beams as shown in Fig. 9D such that a

small portion of the cell membrane is inside the infersection point. The burst of energy at the

focal point caused by the intersection of the beams creates a hot spot resulting in a hole in the

cell membrane. The hole allows the escape of cellular materials and death of the cell. This

method kills two or more cells at a time as the membrane of adjacent cells are also ruptured.

The systems described herein will destroy single cells or small groups of cells using one or all

of the above methods. The limiting factors are image resolution, beam size, targeting, and

aiming.



electron microscope, the high concentration of energy at the focal point creates emissions from the cell
or cells in that area. These emissions may be read and analyzed to enhance image information and
thus improve system control and targeting. [0028] Many MRI and CT systems already incorporate a
high accuracy*§=15/48k robot to move the person 3. In a preferred embfffeatot9d18Pgeting and
delivery system are also integrated into the same type of robot to move the person and target area into
the field dPURSN andwitbsaribes mhaye, offiefsrsdrimpoirsensrfirhe prosainmseniitreiecMis or CT
technology;isUser AiRFIHUEAR iNpARIIRIPALRISMENR)AEd adhedR anfGripystem.

However, an embodlment of the present invention may use a gantry table robot separate from the MRI

and CT sy$0EsatereRayea1craib MIoRaRuIdLaTpRt schody, ddemsyaniisaithe plaraliseebbrimevel of

aiming is jaeGERPithed ssinerpithes Bl tRMaubiad e pierealecrigdeirey ALmmgp technologies
such as liquid crystal or plasma d%lectlon These techno Jcs%e are able to dgllve high accuracy
f

aiming ofAFSE X a5A asn it A-tE Fh it s vedrrpian EPYRIFT LRSS etween imaging,
control amﬁkﬁe&kmy @rﬁdngmof(ﬂlmnqﬂedshsmgfgmm@ﬂe&mmmm bétamuiEting

technoloq S Rig| nagjsS\éVétC at&et X egtel\snc%se N als £8.cans! dered éeﬁ%glltﬁegn 32 shows an
example 0 l'\‘ra tV\}O S or Y embodiment of the present inven %IOI‘] %vmg an MR image scanner
located oMﬂp@ﬂeweImfmtthhe@bmﬁmml@tﬁép@%ﬂlm ahlgtwértféb‘el %ap&blmmiﬂransmlttmg
their rad'%@%%méégﬂiﬁ%ﬁ%éaﬁi@@&%ﬁé‘%%QH{%I?}@‘MBHGJ&%MEQ Rufrlga\igedpcated on

the first level. In"'such an embodimenta floor des%aof such a facility housing the design shown in Fig.

12 includedigiyiev e the maridmkitesieyur vo4a Gredasemdtriq st nedyvitoncrete (SR) to
block su h%teméa{mxaﬂa&fam&aﬁeeaﬁﬁ@mre@mm Wt haeplis, RO smeuRKieehes) of available

space in he or design. In dd ition, wjth an Xra 6C = 0 wher Xray -X*L-y*C=
Oandx+?/ Q§4 antt firss?ﬁl? s l)}“‘tﬁg?ﬁ? é%fSﬁdf?Yé‘fﬁr%‘%lﬁﬁa%é‘}?hﬁ%‘ﬂf gblution is that
y=125 mxpmizﬂ.@tﬂmnmﬂ&mﬁdﬁcmﬂmommbeapgtmgyted bghieedfeeretbsired result. This

estimate SRS an SRS Ease aeEnmodL AOMaN I s eT ARISIRIRpibagient of the

present iNVention 1s used, I6Wer energy beams are anticipate erefore require much less
shielding Thetfeabityiabsdefitedshyfthsdntronatien iihrcbepne abdranpalysiviehntirorigesdse scenario.

[0030] A ayéggﬂéelgféaeeggqm §Bfam%9é}a§s%e%9m &Mgf@éaqﬂa@m@%%%@}es shown in Fig. 2.

The magnet, RF coils, RF detector an ampllfler MRI pulse gﬁ eneration and magnetic field control and

digitizer eFrﬁé‘WFEb‘FﬁBGﬁS%fﬁHH ‘iﬂ’&hé?éeinf%ﬁﬁ FYR 1 HeehttaPptbtacest 185 8EHSsing. A

preferredlﬁml@ammﬁ;sﬁ:et I@@nwmlmmnmlmcmgem 3MANY f(WQcamPie, a rhombxc
2009/04541 T/US2008/0 329 rth| ?}be mcontrol ital to nalo Fveger power

amplifier, 5 BHERAR f’aetSV rr‘c‘o\?f &S s%ﬁ‘ffol GYRL BoSRGH 8t R horizontal

platform \fdsereStkd pemgemwsﬂmﬂm@mhmmmmnmonesel theaughgbeeratioes ofimers, and

various device GONIrals, eouogl é)rli%}?%l?%%hﬁ § 908&5%9 #9%]%%%“&%1 iR %%% The targeting
eed-forwar

computer Is a SUb processor used to calctlate an update contro InStI‘UCtIOHS and pass

them to tdedssabedrprds dsssminakbsubedrorada dthnasataihddhephyisicHt gheavhdni ehanmplstreatment
scan and {hg nathapaicalpadel fo saliating thaesddooman driveiyaluepadgaingd his data

and model are used by the targeting computer to perform the mathematically intensive calculations

necessary Ter§eR8Nof Yal%ﬁﬂgls‘ﬁhérc%ﬁ]%‘?&mﬂrﬂﬁ’e’%&é(ﬁeﬁ%)n§‘!ﬁé1?éedsm)cﬂralues are

passed tosthencaimiah preressémbstiipsiatettieeahaskiivierivationtisgaalieshioppald: the next round

of calculatiops fo a&g‘ﬁforwar ontrolt The c}ﬁntral rocessor 1 runst e actual con%rol op with inputs
from the PAFURTRG TS REEF 2L AR M S BT W R S R AR LN T2 A preferred

embodinﬁaﬁ&sﬁhefi&re&mtmmwﬁﬁmmumﬂymid:amusstfmnthersbesbmpsmbmmetsbhm'olﬁmecture
Any of these 90 19,2 lngl gig-lge III’ICS gggg)% E&Igeﬁlaf gerg tr, I or
feedback ¢ con o %owever Ohtcﬁ{{mpés of l@ontrol nhot be zero e same%%e 'Igﬁ%eﬁlectlvely
means tmmh@fbﬁhsem@fﬁhemteﬁ%&wrrmlwmf }bsﬁ@e@fe#ﬁﬂé#wﬁmt on fhstargdelbhick control. This
scenario Qf grtactical control is unlikely to last for more than one second at a time. 100311A
preferred embodiment of the present invention uses aiming technologies similar to those used for

industriall9831s eqliigpealtriahawagutibs Rass RoRFCINBHPS: Madss  HHEYEdBREevel of

aiming weidlslwrs eehasiegy fakbilan tqdlﬁa&m& IFipreainie: the GRiting ipbighidefinition television. In
each case,.feed- for d control strate would Q& Hs g that apticipate mo ements deflections,
diffractioS AR BIHR &ﬁ%}lﬁ‘ﬂ dﬁﬁ‘&f& BTN gfﬁpng? ny’gﬁ{;‘g}e og Wal&ment can be
pred|cteCQMEBntc&ftbabqumnmaeﬂ3:eBdﬁetkdmmymmnp'bmdaorchmalmdbds:ky ean be expected to
cause deflections and diffractions within certain limits. If the control system model anticipates these in
feed-forward control, the feedback loop will be much more accurate. 100321 Deflections of x-ray
beams have generally been considered negligibi®in medical applications of the past. The general rule
is that the beam will be deflected up to one part in 10,000 per deflection. In other words, at a length of
one decimeter from the point of deflection the displacement would be on the order of 10 micrometers.

Multiple deflections would be cumulative and may result in much larger displacements. Figs. 3A and
29 chnow iccriee ancnitinterad \when 1icina a nrefarread emhodiment of the nrecant invventinn <rich ac the



WO 2009/045411PCT/US2008/011329 including bones, tissue, ligament, tendons, organs, and related
body parts. These figures show that the effect of the angle of incidence is reduced as the beam size
becomes small relative to the size of the cells. The surface of the body can no longer be approximated
as smooth or flat on this scale. Rather, the surface of the body is considered to be irregular and

covered it hingr ke Har @edINesRRRIARISS oFiR %Efa&ef&rég%ﬁﬁﬂt@éa%%@%ﬁ%%e

compensating. measures such as shaving and coating. The feedback loop toget
Bt i

feed-for iAtRE S SR G e AP BIEFTRS B NP B FEAS P 8By R Bl ¥R pensates for
the residusdgiefidetivasoMore thpedificaihy, Figeficshovtsmibeartigenerator and the beam from the

generatquooR)ingHtagoniastovitty thanesonls ﬁlﬂ&]}dp.ﬁe ARIPY KAL) BIRdefelipshocRHrs. Fig.
3B focuses ontthls defle%tl?n in more getaél. ‘E‘Eﬁ? anf%]e 'Pf |nc1denc§éslshown t0 be the angle when the
beam comes into CoRtact with P& PEFSSHS SR irfREd FEHE BF IETeciAES dFotiiPto be the
angle undérarécduniacdotanie bagyofadbotieiperschespsiion Mmddurastisesbiytotize dinfeodf incidence
and angleial delieciipn, bemaddeddaosiieg amesiess:thand@imagreastoNngicate the deflection the
beam m en it came.into contact.with the surface of the skin. A.pers f.ardingry.skill in the art
will readﬁgc%%%ﬁgéfésnasﬁ% “such %ﬁ%é io| eﬁt}gff ﬁoé’\?egscaarﬁsl,g%f)fﬁgr%tggr]hn{%?#leo%%ﬁgg geéﬁfft of the beam
when looRiHEat ERYY SISTHS BB HERRRG SUES PHsHhEY aiige gryater reanTBtrbiegiechss. In either
situationstyenstefioenahéeRbalydoalissst the tbermdehdefisle! tneletdtaipeiseationdgergfore such
obstructi f -the facal poj _ag_g ! t areadn an effort to
minimizegggr(gﬁ glg’%% Q‘ﬁ;@r%glgﬁWﬁs&%ﬁﬁ}ﬁ{gﬁﬁ%ﬁﬁéﬁg@g %%gz)gg%g\%vst atg&trﬁgl%l %ﬁdo(ﬁhe beam after
it comesHH{PEGHHE W?ﬁB%%H%@WB%W@@FgﬂBFW%%H@%@@ defkcdemcEnetfgle of
deflectiotednwlagite ot dispdrsiehi as blubvwadnr fig aBRins dhiéhbeamgerizountensiatharadidy parts inside
the perseirs b3 MhaR %Q%ﬁeﬂ@fﬁéﬁ%’eﬁ@ﬁ?&g%ﬁg;&ﬁ:ﬁi&f‘&@@é%%é%%@eé%‘?

displacen?[lenl to gran.ce is on the order of 2 micrometers so deflectjons myst bé taken into

consideratiSH Al COMB&IBAZ Mkt ‘éef’nae{’(ﬁie(?t B ORI RRMaRSR HrehnRedt SbikidLenergy
types cohfpéeed dovtneizmayralsialiosonsdgmssult, given that displacements for the energy type with the
lowest defiestiorigatio aiewsufficentyllarge asdeed i carasion il neamityesgonillieayire
feed-forwar, ntrelto compensate, for deflectigns. Fig, 4 ws an example of the feed-forward
control sfstlglr%?iﬁru%g% gesr%%l?ﬁe é %ag |§r(1)§1 ?e%lsé(lje f%é?é]t%qt?ﬁrc u%ﬁ%l %n%%rt%sn S‘}Sgl%%?db%rh%s, and

tendons WeterécrshGwiplnebearpiinaivibniendepmsdert RSronteHINg Softndzersyram in the
targetingptafoputar thhvRIiorRig: Zeincllidesalfeethiofivatdwrlotelibatpresslsylates thanticipated

deflectiogs ARtk asLian palbuayand A lpadiachaanie! fangatipiaalolrmaion.eblained by the

imagingfev;ce. Consiqu ntly, a 009/045411PCT/US2008/011329 Tesulting system using a
preferred Enitsigihatd eidina %?ésgéd'n‘frﬂ?\fgﬁtﬁﬁhi%%aﬁ%?@rﬁ%@t%}ﬁat@@ﬂ‘e%ﬂbﬁﬂ%qﬂé@él acquisition,
analysis ranstateatmanthfiogibeam hizaeb ot Ts Hickonsun(@rameltes) tHarspaddeatpadudh tiefiystem
operatesyisipnthe raRaRAS FAHAL RRY celispensgeore:(003¢1T hepigiered embgdinents.of the
present erntlop prmo:\/fhde gneggét%?shold re ucﬁlon and m%}grov ments in accuracy, precision and
speed ovearnt%é most adVanded 1 BDISGiESEH & nia NENARN AP amBBtLnts, the
present BRI chers thE2ativamhage bP shralldidssanreiidcamuhicivebemergyaysarmdyiwhickewill also
enhancegsyst@nepatformanaehid adbigingsranabneisa ducthardmagingErepmantsl0f3eiEnergy
thresr}o'%r%%@r%%&%ﬁa@o@%ﬁ'&% %‘H%)é %}/eoslf(:jﬂp Vs igI} Iilél Bs?ergj ?5%?5;%9% s are anticipated

and therefore require much less shielding, potentially 25% or less of the above estimate. The

above analysis is a worst case scenario.

[0030] A system block diagram showing the components in a preferred embodiment is shown

mn Fig. 2. The magnet, RF coils, RF detector and amplifier, MRI pulse generation and

magnetic field control and digitizer are MRI components and provide information to a central

processor for processing. A preferred embodiment of the present invention includes, among
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cells. Instead the embodiments of the present invention seek to use the cell's own destructive
mechanisms. This results in much less energy being required to destroy the cell and leaves very little
cellular residue behind. Attacking the lysosomes, mitochondria or other organelles provides a far more
sophisticated* & pPeHe4Tthan simply burning tissue. Tissue ablation or burfR§ S HEHIE) of last
resort for the present invention because of the higher energy requirements and the potential for
creating schertibigs,indiclerticeriodlydigB36 bAdogranycpecisiorcardpbiiieed elretimuprsiced directly and

chamatially by 136,146 RE-ORURTEL O RANESLER 9 S0 plafislfgard contol

also prowraes area size reduction so the’amount of data processed In each repetition of the
feedbacktbepasProusiishiiningdd EalmenimmieasideaTestasraloru BHTSIaNfERbaEIdRYS, which

agaiin IMRGHES ARG BSIAAIP Ik SRR AL A elAl A HBa A0 ThaduipLatpeieion and

accuracy of the preferred embodiments of the present invention are approximately 7 micrometers 2

micromettrd SUMRIRGS SO PRRT Sxraitepenthepdpse lordrfoinsd septrolinstridirnsand &S pproximately
50 times tﬁa&ewmhe@@htax@&aﬁ@nmmwmmwzﬂahaetgsmodoayws@dqimmepresent
invention has the potential o improve the precision and accuracy.by, another order of magnjtude as
imaging AP P R AL RG50SO THE (BB NB 56y HEaT bt o e to
preferred gainbodinehis afithaqid sentseddytiba targatide copgtettiad parffortheanytoenra@mdliyncurable
diseases. It also provide, uan I r ar, i ol ents
already e%é%n%g)fé} gerl}t\sl/%%rf%(l)er% g#%%pa?roﬁggﬂgﬁgﬁ chgj?g%yffggr \%ﬁ@ﬁ{t&%ﬁ??ﬁ% égﬁi%gnn to the

treatmentliroieednfopraié nadesmisaaisrsistbe teatpmlasenessretnibrpdig drndbaciidermalinn a single
relatively road;heam Aivadiatianthal.ealisek HaMAYiorstd Ry Reing disaile. THIQG s A delay between

acquiring the image of the problem area, diagngsis, and any action that may be W

] (@)
2009/045HPEESE9 1139 tysroteboentegl dpom idhdapais prh BeiBrertiaR came s as Wi airoBhce

between life mnubrigaihfor anpeisensdReneateiliyfertowveaitsbiin appor waigyetanhinvartirror is high.
Targeting and aiming aye limited to the m%]st ruQirrientg{%

ethods. Targeting.of certain cells or very
small grotifs SIS %’Hﬁﬁ%ﬁ&gﬁt RS &EETS R pre‘%ﬁ?'iﬁ%neynﬁg%’fs B O areas of
healthcareeto bictitheldayios asyclated sdth dedidbsearthebenbitdeedback control; however,
both types of control cannot be zero at the same time. This éffectively means that the present
invention can run with just feed-forward control or just feedback control. This scenario of
mono-tactical contro! is unlikely to last for more than one second at a time.
{0031} A preferred embodiment of the present invention uses aiming technologies similar
to those used for industrial robots equipped with image acquisition for the first level of
targeting. The second level of aiming would use technology similar to that used in precision
machining or high definition television. In each case, feed-forward control strategies would
be used that anticipate movements, deflections, diffractions and other error introduction. For
instance, breathing is cyclical and movement can be predicted within certain parameters.
Bone density compared to other tissue density can be expected to cause deflections and
diffractions within certain limits. If the control system model anticipates these in feed-
forward control, the feedback loop wili be much more accurate.
[6032] Deflections of x-ray beams have generally been considered negligible in medical
applications of the past. The general rule is that the beam will be deflected up to one part in
10,000 per deflection. In other words, at a length of one decimeter from the point of
deflection the displacement would be on the order of 10 micrometers. Multiple deflections
would be cumulative and may result in much larger displacements. Figs. 3A and 3B show
issues encountered when using a preferred embodiment of the present invention such as the

angle of incidence of a beam when it comes into contact with parts of a person’s body
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of greater accuracy and repeatability. Elimination of human en-or through the use of automation and
real-time technology would be significant. The technology described herein also offers the substantial
benefit of being non-invasive therefore avoiding surgical procedures. Other uses include enlarging
respiratory pAs2alfEa4 ! repairing heart valves, reducing prostate size, ifipFoVIRYHEHAMY, stimulating
brain cells, internal cauterizing to stop bleeding, treating fatty liver syndrome, and removing polyps.
100401 T Hskuebngrbedesnisedtiniigataest. iradonss erganuend anlsiestbedit paomoliyedimreet up and

include atigastinaHoURMingREDSIR SriRERALCHOR IR GYeRb RsR BRI Seals Aecuracy, faster

operating speeds and better tracking. Automation makes the system work in a beneficial mariner

because [R@EE R tmsisPiahsshs of Reteface Sfihatribnean HRHoRERIdaPRTOS B A @must be very

fast and Rigbdyresicaante: hisa-lnrahie, thekart PSR ANH asssiteisdedeiprfRrRRRcell may
take hours. It would be tediQus and errors WC§J|dCZE Uﬁvoidable. Even if the problem of human error

may be otBIEEMY ARSI IRl 08 PSRBT kR Yekg B SR AG R FS B cedures.
Even smalimpevesiagtadasties Bocly msikevihyeny diffitndt tOhecepdisack iobphegether bathghznalyzed for
periods lagting more than a.few milliseconds. Analysis and action js done together in real time.

oA T L B S e R O S BSPCSER i he cae of the
MRI systepmprasatgsienthticedidpaloteflectivnse M bipehi fiveln die Braghpited issmagsforatred and

interpretegh 4ot AR A MEURNLQtdPCRHIBAREYEIRG SR SR RANEIAL R APEIAHRS;can

introduce tolerance errors. The visual representation of the information then is also subject to
limitationSeSRtR&irsidhachirtd BiantBleresss b Kincalinctioninmetsalbjdbai@siepéatable, fast,

accurate jaiigerRiab doker e Wy kiihirtwabs tRerdane ANeei Al Rees eIl HaHadieSRin

orovides STGES CLR B TGOV B G 1 5 o b O Rl R
provides " e ment of sent lades
componehtsporendusiithe iystamtisablignhated: krad thadetareambae géfef efdetiparfoharing the
treatment fqr on 4 cription Ve, re ing bea nerations,
although %‘218 égg%g%{e%rﬁgﬁ% t%éﬁggﬁ:g%é%égggﬁéxgar%ﬁgge e Hgg‘%g#{'o ?Ié% %?ggelﬁt invention,
radiation c3\® pE0YTORSU Witk G/ sus2008fthelsin b amsrarel woditsyorkil dhdheemnditiepending on the

particularapicatinnsaie Hat BREIFESHRIINMARRACNOIGSdRE BLARIIRGHY IR the RESEHINvention

makes it possible to work with ang energéybeam that penetrates flesh. Radio waves, ultrasound and

. e 4
other en warRdanpha ied RitheiR ﬁé@%@%ﬁﬁ&%ﬁ%ﬁ%ﬁﬁé&ﬁ%@%liﬁ%ﬁaesfﬁ.s-Various
wave lengihslenstigkliovale claesior-tapnbticaberms (Rhsienaraad mecbapisa@iwayss (ultrasound)

can b UoESoD S ESE Lo n g oo e e SORTan sl et nd ke
applicaticarg€thren émengffbsams imayiteel iz effecy heaitbtetivimof foadditpanéipptiGnalemergy delivery,
safety, d?ﬁgx%; HYa% &%R%'JH%F‘{A%’ Qéeﬁllidﬁ’tgxﬁﬁ USines into contact with the surface of the body is

greater due to the angle of incidence, angle of deflection and angle of dispersion as shown in

Fig. 3B as the beam encounters other body parts inside the person’s body.

[0033)  When using a preferred embodiment of the present invention, the displacement

tolerance is on the order of 2 micrometers so deflections must be taken into consideration and

corrections must be made. Deflection displacement is greater for all other energy types

compared to ionizing radiation. As a result, given that displacements for the energy type with

the lowest deflection ratio are sufficiently large as to require correction, all energy types will

require feed-forward control to compensate for deflections. Fig. 4 shows an example of the

feed-forward control system in use and certain deflections related thereto including the

person’s skin, bones, and tendons before reaching the focal pbint and target cells. Insucha

situation, a sofiware program in the targeting computer shown in Fig. 2 includes a feed-

forward model that precalculates the anticipated deflections and the resulting pathway and a

feedback control for gathering information obtained by the imaging device. Consequently, a
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(00431A preferred embodiment of the present invention uses a combination of radiation beams based
on the criteria of obtaining maximum effectiveness with minimal side effects. A preferred embodiment
needs only to rupture the cell membrane or disable organelles to kill the cell. A preferred embodiment
as discussed &80 E4tdes the cell to self-destruct and dissolve itself fronf SHtRTRYRIIBEAING the cell
membrane may leave behind cellular material for decay and potential infection. Tissue ablation can
leave behastltpgsysisueusdbigsaveldraa erbpdiment ahthensessiny uhvearisadsaagalaséd or discharged

from the bogv, fAadirtipnhasths: alisesrlmcanading o decaving: erelmambidre witidhsuptures.

Focused,_intersectll]ré% energy beams controlled by the present invention are used, among other things,
to heat thi8 BIRBRENEYSERAT 48 Which Ssartiere Prsfeh Bk sngeriid? it cslisedisability of the

organellesaehgell death. In the same way, the preferred embodiments of the present invention make it
possible ultrgsound.to vjbrate the lyso e or other cellular material at an energy level
Cuicient B e d0f BT RE HRE I eSS B (5P FHATE SFURS SPIRABRS the maividual
beam typedasicn:dneivgriowsentsyrand exityp athovsys ahd gekduiioidnt pesetiatiorsdhe microwave
beam strength yould haye to be too, str i t try. surf ' reach cells
; rEYOY Y HHRRRJN QR

deep witr%er(fgt'ﬂg %%8?0(’%%“}?1%# %? )i ?:%%t%?ngi{er%%g%@%% ﬁb&%%&%g e g%ctﬁ/engé% (S:rlﬂ%es, ie.,
curve "A"adhantaca o bifealisrdsenssttmrandlesee angisarbereprabiah witlaltivenbaes hiverbeams and

nanopartigles areauaches e graaneiesi hin palim Y pibHRIRg this preferred embodiment 100%

cell death occurs in the target area. Curve B shows an effectiveness curve created when the present

invention [0838la sifge Hetisshalf fegrshanit achisred dxaroifisansc A H BRI GHR dr& Nhen using

this embqgdimensaaros eratollihele ot iidentscactna due decihe UsdithbQeiirnposastiyuusing only a
single beam. Curve C@Hhows n .eﬁectiv?ness curve usin con%entéonal r iati?ln \Milécah shows that
|

under ceﬁéﬁﬁha}fm‘ﬁs EEEY ngggiﬁv%sﬁt%ﬁ%yrgﬁli%% i rtr?enﬁts%%ta%f’ﬁa Fﬁ/nresuﬁﬁfsn negative

effectivenessg intth ecliutnardibaybehindn Adteciisg thariyesdtus/enBodhi@dria or other organelles
2009/045411PCT/US2008/0 A . ' IS 1 e death of
I PIgYides 4 ‘fﬁ% 2098 s%%%é%%agé%%ﬂ}%@ thak @}[g) g %Hﬁ?ﬁ&’s{ﬁz. eﬂ?ﬁﬁdagl‘a{ﬁo%? &

cells re ealthy tissue aroun arget area/ point. Tt is noted that these curves show
expectedbresing ibastdtesy il astarers e thsrmewmynrenipebesrusecfhedughgnas e not based on

experimepialidain&0044id padranaenaiaigrsiar apiefpuad grbasgiment of the present invention is

capable of generating several different types and sizes of beams based on the i)yr%ferred application.

The vario®@#dam fpeEIne s isoadad spes s Foersr s d5mnn and FabnrVebs fhsisfresults.
Multiple esteegy-frpRs:-6epHboEcbintne: haanicedblovisiershethedt esulis todeshdwfghednount of

energy required to achieye the desired results. Fig.,13, for example, shows an x-ray beam used in
combinatidff aasffgéﬁ%ﬁé‘ﬁglﬁéﬁ%ﬁ?&ﬁ. ?ﬁfg ggr}rﬁgﬁ?ggsf'r%%gs%acfﬁéﬁe ?tﬁ%g Sé%d in the primary
waves misedbsokmnseld doprédnostiiecdndiyy meginvest ion aetitse hedicBied fredbiek Mapmonics,
matching the size of mal cule Vﬁﬂ ' .05 les-entirerRraangligs.qr the entire cell, will cause
faster enggvzé%%Pplﬁlﬁggné? %rggg’;’e&rle%u t;ﬁr?‘ﬁes E:energ bgl)ng?equﬁred. Because wavelengths of

flesh pentfafihg bdhmnintiied peasisiein pnarsuEacihi B &% ahpdimensefdicase®, the
harmonicg, gy e, ACHHENSEDMROBKIRING dRes e e as e aherRaI OV HE NENMS sthhkHageT harmonics

will make targeting of organelles much easier in that the beam_intersection point will only need to

include tHBeoTgaREHRe saHrTHAMIE fsUSsddisisitPRIoEBEY MOSrees RatEndtGo9R a8ls Bathey relate
to imagin&ay}f&&ﬁﬁ&[ﬁ@ t@cﬂﬁ(ﬁ@gypfl"he technology used in the present invention has the potential to

improve the precision and accuracy by another order of magnitude as imaging and beam
generation technologies improve. The technology described herein related to preferred
embodiments of the present invention provide a potential cure for many currently incurable
diseases. It also provides a quantum leap forward for many areas in which cures or
treatments already exist.

[0038] Conventional treatments for cancer today are very crude in comparison to the
treatment from the preferred embodiments of the present invention. Current treatments use a
single relatively broad beam of radiation that causes damage to surrounding tissue. There is a

delay between acquiring the image of the problem area, diagnosis, and any action that may be
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ordinary skill in the art will readily understand that imaging equipment such as an MRI or CT is very
sensitive to stray energy. Compton and Thompson scattering of x-rays make the concurrent use of
X-rays and imaging equipment challenging. Compton scattering is the primary cause of image
distortion beckS8%#d¥Heé primary cause of scattering and results in photdits efigEditEed in random
directions. Scattering is caused by a photon colliding with an electron and beinrggbsorbed by the

electron telgvorihiy deiascenbsciamberacensmera thedifarenscobginapriy i pgisspdren feaving an
empty poﬁ@%i”ﬂ%@iﬂ&iﬂﬁ&%@?&b\éﬂﬁﬁ%ﬁ@ﬁlﬁ% eioRsRAck-e: hancangydidfgqariginal shell it
0

emits a photon in a random direction. Some of these photons will interact Witq the sensor zﬁlrray.

ReducingttRengess ] Brislp Brrepsbmstimenat aethiods: A iRg S SRR BHESHY §BRUNit of time
the less tagepaBLERRNI$IMnoS SR Gvaipihdiithidpagenanuisiito). takes a fixed amount of time, the

reduced r per_ upit of time.means less image distortion. [00471Reducing the, energy Jevel of the
photons jéﬁ%ﬁshot%g rtﬁrgaﬁeogfg%a% K8l u%1 ﬁgescee‘{tlt%erfrrl%y %I%S\/%ga“{ﬂlrlggﬁ%&g?yf% KeV the
X-ray phoibgteganaombyaexpatie@c&ﬂbﬁ%onﬁ%da@ddﬂhshdﬂseﬁﬂuns@ﬁﬁﬂeﬁeaﬁ a result of an
electron SIOBRASRARK IGINfide i) AR AR 2PRPIOMIIS: Mialelbansigh less

|
energetic ancﬁess able to penetrate . These |r!t§a9tlons are also much less likely and therefore
less frequds offera thesuibstantiafberali phbringsnastinvasaikesefasor widipe TWEiEPplicant is in no way

limiting thg srahediments, Ak thenerese Bt InYaINIREPtDRSE SR Ay Bls b lnmdd: 3aKeY . Instead, the

Applicant suggests that there is a benefjt to, lowering the energy level in the beams to reduce scatter

and the rEEIHRING PARSFECAG O O RERs2HRE: STUTALREN AL CRkt WM RUIEN4884P 5P coming
photons. Hilaignetatienskifdantdinsaduhéhendiatenes;gidpgelationship means that there is one or
more opiti nergy, level(s) fqr photons used.in the present invention. Other criteria for determining
the optimgqgéir(\irgyg?é{f %e%&ﬁ%eg%rhﬂ‘g‘%%%n%ﬁ%?@ rﬁg%% and er%“ri‘gE%ab%?fgn S %grl;’(’jaé%fa ﬁ‘care
workers. ip@d8jrigsdd 4- kasshiadtawirgsbofefies proferredletinbotiprents! mt;bh@qbﬁiéaemfmtﬁention -
related 1015 iR195ng 3pd AIMINBALNE FREIGY BERIRE. ASHRARIHNIRALY ANSLION RLArdNary skl in

the art, "targeting™ is t election of target cells and "aiming” is the guidance for delivering energy to
those targewenefivigemagnedanesa thradesirplandroasine Acemisifcomaisiosdhnipasides

infOffﬂé‘“%ﬁﬂ&%%&ﬁ@Eﬁé&W'tﬁa pracgssPecdratdoriia hadalowarkeantitbassaalias the input
for the graphical user interface ("GUI") where doctaors select targets and provide s c{%pﬁparameters.
The setufSHFanEtsIE UM OTREEhREY RRSMihinWiNeH fifcgigns W8bse?’z§’1‘é? ential targets
are identifiggl Bydibr taHgatiifgiRosrEbIERs 6T Hignpriessoamantcarecpraaenpechondhe @dhsdbthat a doctor
can select,whjch t{)d%tl_%qgg tar etsﬁt})ggonlg fir}al tar ehsmélgoinghe E?edback contrgllel%% used in

.. [= e O Q. € veén small movemenis 1
alming th%btgeetaoms prefera P uses VISUc’:‘lj d%.l?a I’(B)m ﬁe iImage acqwsmon SYyS em.l}t may oe necessary

to modifyrstdadtverindidicntsydtesndradkiofabeardd beivg emmiyrrdciotiperiadibitisfing mdidanss in the
image dafg, TaRes SJSCRS,(5Uc AP AU QTRHYRIE ARSI, MANGAISO be included in the bearn

generation to enhance visibility of the beams. Compton and/or photoelectric scattering make
high-enel§§4dtays Vhapreags exfospaiion ispliprivert. megaingful ousmsisaa s dpndhievitallfriines of a

control sagueRceflahaeferedembadimentRbiRgdageipdamentisndhald akesdMagpasiteration
errors in the initial aiming of the beamﬂgg%{ in reJatign to the target, uses thi feedback error

values in SSFTHEIBRA A TERIE4d PSTRHSh; t'%?ehf%'& eRtP 158 bEAFF converges on the
target arepaanamaticdireleasiog tha haasdues vt tocestray. thichéarailoelrddaratipesifinally, Fig. 14
shows a full frame field af view and a sub-frame field .of view for the target area on the imaging device
associated {Rﬁfﬁa%h"é‘ ;.ge)ifee%ésnftl vention .tcfﬁren ]r%%}rrésn%gt?gt%ress A ,'mianfl, 'QE%L% pg&s’qn.gci’q 5 ,a'%%i," "d2,"
"es," "ey, Atitdiaidrigx pbgant Ve pepicdderfricedbarske cangreabise oF by thserbrie thigaamtbal, A1 and A3

not convegiag, on te JaLdaf T« b oL examnle, iie FRIRIENCSToR AN hBh P RYIRRIE SR 4RDOtIC arm
errors, WO 2009/045411PCT/US2008/011329

arequirement. As discussed above, Fig. 2 provides a flow chart of a preferred embodiment
of the present invention and includes such components to ensure the system is automated and

therefore more effective in performing the treatment for the person.

[0042] Further to the description above regarding beam generations, although radiation

beams are the logical choice for a preferred embodiment of the present invention, radiation



references "c" and "d" may represent gantry table errors and references "e," "f," and -g" may represent
final aiming errors. These reference error numbers are used in conjunction with the feed-forward
control to ensure the beam converges on the target area so that when the beam pulse is released on
the target "I" ¥@ 24P¥E13¢&l is destroyed, not the healthy tissue surroundin@d A& RAGEIHAA. Fig. 15
shows the specific target "I' and location of each of the three beams A1, Az and A3 around the target
"T." As sheamstizerei feigniischhivwanh dephedinpentbapasticil#2ppit AR have moneersserged on the
1arget arefe kel 1 oRECTR IRINMRRILIES HE BEATIRVRhOR AN T BICIRKIG s palculated,

and are used to manipulate a de vice at each beam generator. Fig. 15 shows ariother
example efaigy heretbaepenttratey dlationRedinavatiese Wisasend pnd L His) RSTEIPeEs s MK SEhat the

spacing hRBNegmiNe HEesbeamsodimbr Aotk AREMarIRhANRA VAT 9N snealliRssg result of
the deflection devices causing the beams A,, Az and A3 to, move closer to the tegagﬁg&];% ig. 16 shows

an examPRYSF AEIASHER BREIRS Rparss SRRPIRESL ARG SEFRRRLTR I YaT JultrasopRdh s within a
certain acegpiableréaintaneaiovelleniihigralisbois tomtymilieansidelsfazanddiiskonverged on the
target "T." Fig. IS shows an example of the be’gmt.%ulse beirg ]releg eqhafg%gttgﬁo?c% Orse\,fﬂ\eli Az and A3
have confefgey Bt EE é?w'ﬁpa%rr%%’%sﬂrgsf?o‘w%n &2t By %@ Shows an example of the
system verifjicagithatOtietarget hbeainsenagldstroyed:{fe0b5@LiTdegos of fotus-PenejeatDifferentiation: In
making dgfer gEt@ﬂ9&2,%%??,e&éﬂ&%@%%ﬂﬁ?ﬁéﬂ%ﬁ'Hﬁéeé?%@k@”’ mathematical or control

differentiatiorrbetwee et’and non-target cells is one of the critical issues especially when target

cells are PHA3tally &lpmtemedamshodimpriniihgarewns BEAtS Hesv e cambinatrirf rrdiatinget cells look

and/or reggl substenialkdiffeianibisashalsrosidenrehiemshisdifarentiationihereass, several
approaches that may be used: 1) nanoparticle adhesion fo target cells that reduce ?%2 er@ y needed

for cell dehifeEEF AT PALIGRTY BF6TR NS OB ESEH o iSRG SRRy ted, as
describedHughier ReiRferRdusebolimarker disesssalisboet raasesitléoalbimsufestsecoimiathematical

algorithms,in the conjrol law that enhance djfferentiation between target and non-tar naterial, as
described it V@r‘bggrf \%{?‘:\]hvgtt\g ?yegﬁéﬂ%gamegﬁ%né% Qtﬁgecgjﬁﬁ%?%%ﬁﬁ%g%%q%%eg %%gl‘agrred
embodimfnideof thmppesenizinuémtion. afdsstrablyicsnfomalsauei hehindistargissee| D el wdly target cells
are destf%{ﬁ@a&?%&%t'%%@éﬁ@%%dé&%&&%ﬁ%atmigmgfgém%mp%amm@specnalIy

for applications that require a large amount of work in a concentrated area. To avoid unnecessary heat

build-up tive pfisireé desradivaimalseainhbsyelionrmitaeivplihretsae RrskirRd HIFifAtHR%Bmount of

energy regiireddo rRLsatbRdased pitest: thisnirature issaashaindemetamalicioraeling used for
feed-forward control. The amaount of energy required WO §9§P9/ﬁ4. 411PCT/f§JS§ﬁ.?8/? 329 to rupture
the mitocREFRARLCIJ SIS NGHRarS GRRRIEROHEN I S8 WaHEhIR (SRS FEARH TSt thE heat from
the operagiganyilk badcasilicdissipathe saaicikady, by thefoody snobedisysteobiiBpreseprocedures may
require the use, of auxiliary cagpling such,as an endothermic or. cooled V. ing to avoid
too much’%ﬁ%}%gl“ﬂglagﬁ B 8%1%@ \%iﬂ? Fnuéggﬁs\?élﬁl%sr]ﬁoa‘élgr%{g}/g §|£)6S e ﬁ%g\é.oﬁﬁggglﬁr%gﬁ%%ﬁﬁgon would
be to slovattie epstarievs wnibsieme ot tausbedly'deabiilityho tadsipsités the Hdeefoetiréoranrenstafl work for

some apRﬂ%%&%&%@%Q\ﬁMiG?&dﬁ?&&%%ﬁ@%Wﬁleaﬁ%f&B@'Lﬁﬁiiea%&maiﬁpf%aglate-

100521Using t itochondria, lysosome or other organelles to dissolve the cell: Harnessing the

power of suEfiispEpenetsatingihe RCTRE @ brAmraEeneih el S havg {ods P FEeag s plish cell

death. The,cRERe ISP el SRRl sHRitiNedbedisosap o wilnae bedk bpsrusenBeenzymes within
the lysosome, require a Iong level to be activated. The normal EVH level within ad?E:II is too high. One

strategy t6°BHESHEShd 18sb55hRE 1S SHELIEISTH BT Srd e U Sutfici SR WA ATRE IR W5 o the
mitochongria dtapdlssdggamdigestisenofihention e edsenbesrestibyimgtheichitarhanariaditls the cells

e of o BT e B v e e e S the.
mitochoneeetisgto arse. (Olaver sltbws an effectiveness curve created when the present invention

uses a single beam and nanoparticles are attached to the organelle within cells; when using

this embodiment approximately 50% cell death occurs due to the limitation imposed by using

only a single beam. Curve C shows an effectiveness curve using conventional radiation,

which shows that under certain circumstances such a conventional radiation treatment may

actually result in negative effectiveness in the human body known to cause cancer. Curve C
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nanoparticles with targeting agents attached. One method includes attaching peptides to the
nanoparticles that will seek out and attach to the mitochondria of certain cells. Another method
includes use of monoclonal antibodies attached to the nanopatrticles to bring the particle to a specific
cell type (targ&0dny/ptdiise of an attached peptide chain to cause the pREESHBHLEIM a pore of
the mitochondria of the cell so that beams of energy can be used to activate the particle such that the
mitochondlisa shouptized errthimppitnsia is icitiadddite dehir dgdiveot el Arelaltdrnahedichadiding a
monoclonal antihody to the nangpatrticle is to a n aptamer. An aptamer is an oligonucleuotide of
DNA, RN r,{l’g?&agrﬁo%fﬁgda ﬁﬁ%’%‘rpﬁwi Itﬁléss oger%&ﬁ%sneu%‘f&)? gg‘ivnefg%eﬁ?ﬁ? N gﬁiﬁassegpecifically to
certain prencidlsulappnepien@mipb0thaevibigen thatheterivosterdans. @ved hastsemdisgovered that
binds to liyg, cancer specifically. The aptamer that was characterized for hepatoma is recognizing and
binding PDGF alpha which is normally only expressed in embryos. A preferred embodiment of the

present in#8#tbon mbie bsararaensprion&r apsefagdsnhvdiBpalaE b oegb imvareaiser. Another
aptarrtl)elr w&ﬁm@aﬁé@ﬂ&m@ﬁ%ma ammaéz?ﬁemf@élsswd Eﬁﬁmm@h@mapm d\nother
possibility is to use Macugen which is an aptamer develope Eyetech, Inc against VEGF. VEGF is
ovorexpr ACRURAE R s HBEAT BEEE P CRRNER T i O G A EEn 1 2chieve

2009/04 541t ireAT Td4R 2 ONBMiblSAR O adkandherdi tlamanetargalb drividisdasedtaeisigimattached
peptides, . antibogdies, antibody fragments ar, aptamers...The nanpparticles.al ve a mitochondria]
targeting tggég g égfgtgxcrhogggg s%ﬁ%%hrg érﬁgsgr fgl]gg,e cgfrlﬁzgeisr%r&cg:%%ﬁg%t ‘Egﬁ%ﬁg%ﬁ{gg Jondrial pores
of the mitdehwheiiarFhbeaansedrictesiibphigvite pbeer geneniosiveitwill be slightly larger than the

pore sizeyygh that gy fiugabeinine: R e ARIOR AL BevsARipia. be gagqpartcle such

that it creates a hole in the mitochondria’ membrane, allowing release of cytochrome "c." Cytochrome

"c" relead8qHES fh%%ﬁléféhﬁif\‘ﬁﬁﬁI*ﬁ@éﬁvsﬁ%ﬁﬁéiééwmss%’&ﬂé?ﬁéﬁﬁdﬂﬁﬁlaggF&Eéi?@r?f)f the cell
from Wi'(lhiﬁofEBﬂé%rdeﬁ@ﬁR 'tPM%Bbémféitb%u,eérﬁﬁ@b bgfg&ﬁ&l@g Hﬁaﬁérhfliiﬂf&aélszin@ﬁgg@,fm,dﬁ@gﬁe?C
material, compaund metal, tubes, balls, bubbles, springs, coils, rods or combinatipns there of.
00551 EASEL BV ELT BTe O LRSS B TR b o SPAT FE EIIF R Gl ray beams
are usualpemnaiiecthesbairgvenaffectéchiep sisninbeftnnmomtesial dégnisdendsd) tchenaterial of another
density. This model wotks well for large diam beam the actual deflections are small compared
o the pedra s L ALl P e RIS o oo
inventionfahaanesldl fleaktortgbend AloTpre lsigniidesasiBviariteiibe bsamingrstetishdefieiction will
move the haamrBReaus S.tstaiael ey sl @ad thesdasieghintersection point is equally small,

these small deflections cannot be ignored. 100561 The shorter the wavelength is the less the deflection

is. This eff46E reBmrseRn G SITHBWS SRS IR RAHRIERR AN B Bt SERFTlAFSTRE fle wavelength

approachggizarg skl defleciioniilealih appeeashiza50intdimeadegmeittaramt ayaveleroshe 1o separate
and travel in different directions. In the (ﬁase of p%ﬁiﬁed Ii%ht, we see tfge colors o&gar{%rainbow. In the
case of nBn-PSISFEAY S LD EIIEY xR AR W SOTIRTRG T AR LR A S PRYEBR G S mall angles). In

the case aindtrasturd ofvlE-saes dishiprsiing pindpaishifttalidreven Trangfes artesatsinghh. To achieve
predictive results the ener. be refi Eorstavsiig us II g | rovides a
known in%he a rcr?g ﬁgg‘%t%gy r%%%@ﬂyfgﬁ%%r%ﬁt! %e%gs. i,)br\.s ﬁ?e gEt re%c?eégtr ég{gl\é%dl_tl\!/j\_(/git trs)al_nstraight
passagewhytentlesipditastpdontandeandisez vl desatieringd oemived e mbotorenHisiaginatto absorb

the low egeray. PR IGRS:ARE ShARsUAD Y BRWIEEOR IGIBERSIIAYHIOLI0EXaREL RRIIPREAHMIt Of energy

(say an x-ray tube) the beam can be made highly homogenous, An alternate and more precise method
would be'hs BOfREF IHER 5y hghin shedl ieryinsaninmeRiPetitRmin iy Aigtaeb hetl oRFA #rtain
wavelengia deriasghpananegeicka(R954 iRaaiaiiajacinry selectiphdibeaa ga@ermtor articulation /

cluces GTERCRNSUBA S SESONHN L SHGEeL N bOI TR G TR AL 0 CE88on of he
imaging energy and size reduces the scatter. The fewer the input photons per unit of time the less the
scatter per unit of time. Given that the image acquisition takes a fixed amount of time, the
reduced scatter per unit of time means less image distortion.
10047} Reducing the energy level of the photons being shot into the person also reduces
the scattering. Below a threshold of 14.32KeV the X-ray photons can only expel electrons

from the L and M shells. Photons emitted as a result of an electron dropping back to the L or
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WO 2009/045411PCT/US2008/011329 system, the beam generators do not need articulation beyond
what is provided by the final aiming device. The gantry table system used in the MRI device to
manipulate the position of the person will provide the full six degrees of freedom needed to position the
person for tré8th8M¢idtever, there are parts of the body for which threeP6RAGGMAIIBHEEmMs will not
provide optimal pathways to the target. In a preferred embodiment, to optimize each pathway
individual¥ shetinimomchfleascoéngrsibeadricserdetopsntale Resdd Ihersvatarctapaditgler six degrees

of freedom of MQVEMSPLENRISiSEIRRHORN 19 CAQQSIRG I e QPUMRlR MMEHSAIPBRAEON

protecting sensitive tisSue, avoiding complicated obstacles, and minimizing total beam energy needed

to achieveerserdsEred heshnBlirapbE 1B Ba Ay A BLIEY rormbrdHecatrbthe PtesselIBeio™s part of

the prefegregignbadinpentsiobiapresertevanitend the weslitanvergbeantiok theanspdibways,
deflections, absorptions, attenuations, diffusions and resulting%rr&?bic\)tic colntrols are Bre-c}?lculated. The
r ft H{e]3ile)

pre-calcufgted” ﬁ%‘ﬁe‘ﬁ‘?e‘?ﬂ%’,%}ﬁﬁérhwa DR R RS R T A 1 R A b0 S 8tem
componeftatasicafiindiiand of srergatbivaythed eflegtiorss lalfSorptiong phttensalbisrelatdaishusisns. These

bre-calcugted moements camoinedu il EedRack caR LRI RIEHSE ARG AGBHERIE RIaGgMment of

the intersBetion point within ‘or encompassing target. o91Singularities: Singularities are control
issues thateeléshfatipbotaticalisd inldte preveatan Tnsipmr Otharshiesiauis dBerminie e Ppemsin
automate&sﬁéwmpﬁé %@&bﬁﬁ&%%@ﬂ@é&@%&%ﬂk%mﬁﬂ Rig salsions) Thmmatewssambodiments

of the presentinvention are inheérently prone to singularities. To resolve singularities several strategies

will be colfld8ted. Biae bfthkskon feaiieenab he prERred PRboRIEERG: of BrPhsit IYaWSfkctories. In
other worgsaihediEst neadaaatisanpparh a9 eeanstandarchieajeaianyyuibdreoditierent from the

second, third, four These standard Ua'ectoriFs woulgtalso intﬂude standard mgvements and thus

h i 33
eliminate S8R REHARGRS 2H o JAEARE RS SEF SN & R IRTLTN & IG5 8ng 4. the calculations
for the paghidaycedinctidivaiegehangtiantbbeiistgetesTdigttingasqung depsitieenpithimadlditssue

surioundipg the farge, Qbsiacles REIE SRS SRR BRI RS G bstacles

. S g, C :
distances and densitiss are well known within certain parameters for normal human bodies (not

deformedtior fegdréetpardicontroasilkas e ifeutifortbarrriusnl srehiiseRent. PHE kMdWRdge base
will be usgg g tedyce GAPRUIRG VRIS PiARARE-ANTHALORINGRMGESSES Al BasRab@ansition point

from tissue of one density to another density a deflection angle is calculﬁte working backward and

forward frimitheitainathirhdhe TegB SR ORTHMS o EMbeRRA daLRatATG 'S & SFAFSFYRE beam. To
simplify thisRseress MeGFredtseaan alinpratatsinguisriten, standardbpatnuaystéor eatdh type of
procedure will he used fg’%tar ergs %{VO 2009/045411PCT/US2008/011329 within each region of the
body. ThPPSHAIALIATEES ?85?8 0HTEEW in the body for the purpose of pathway selection is currently
unknown ek likelyHe feedinaiectiarvbioerused rachiming sharitans patFarabys witk eswafilaed with

tolerance%(f)% ﬁ‘l%@n%%%eagc&gi@&t%i9&{8{&?45% %@%%Q&S%PPH?Q{ME’ standard imaging systems
such as an MRI to enhance the visibility of the beams in the image data. Tracer elements
(such as additional wave lengths) may also be included in the beam generation to enhance
visibility of the beams. Compton and/or photoelectric scattering make high-energy x-rays
visible to CT or PET equipment. Figs. [4-19 show a sequence of six frames of a control
sequence for a preferred embodiment of the present invention that takes into consideration
errors in the initial aiming of the beam generator in relation to the target, uses the feedback
error values in conjunction with the feed-forward control to adjust the beam until the beam
converges on the target area and after releasing the beam pulse, to destroy the target ceil.
More specifically, Fig. 14 shows a full frame field of view and a sub-frame field of view for
the target area on the imaging device associated with the present invention. The reference
letters “a;,” “az,” “by,” “ba,” ¥¢1,” “e,” “dy,” “da.” “ex,” ey, “f:7 LT “BeG” and “gy”
represent feedback errors caused by the three beams A1, Ay and A; not converging on the

target “T.” For example, the references “a” and “b” may represent robotic arm errors,
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100611Bone and Tissue density calculations: Bone and tissue density are calculated in the pre-scan
and are used in targeting and trajectory planning. The imaging system may need to be adapted to
acquire density information. Additional sensors with inputs to the system may be required. Age, gender
and health is®(f23*0M45&1iputs to the system to be used to expedite the pf6cEsB i@ YEdbce the
computational load for determining densities. CT PET scans may also offer valuable information about
density asftrenersléctmdridikeapropiossre saeind teble ssercond neftessivess an indieatios omdénsity.

1006215&;5%549% Rﬂtg@?&% LRIPEr SRk GEISk deRle¥RnIAERW Hedia of tikpRqidaRspotentially

other type energy) it may be necessary to simplify the entry surface of the body. Irregularities in the

surface deedefartanhagnizal s anspietie RS SORY Fhege TLSCATRRS 219R &P S aiBP & Tbr

introductigndnavdesed urareanRiminaiad Apseniicaalingr oy submengingsie body in water. The
coatings or water would have the same density as the skin so the vgo?gtlg not beg%r% de I%gtion (or

minimal GEHEERBIRBIMCETRRS S5 AY ffdkh el aYs YiresBRRKIS By arhids2BF iRENR L SaR g Uik ities
between fhedbvenmarerials 2{000dkmnetl gy tupesPBEdas isasobadimiGmwavbsverttiaadimation travel at

known but differing speeds through materials of a,qgiv ensity. F plex. sed of
multiple éé‘fﬁg@f?y&’e@‘s algaélg 19} ﬁrﬁé“’vcvé‘ﬁﬁf WS i%end ngé eékeX {ﬁﬂ%é@%‘@%ﬁ%ﬁﬁ@%mw at
the targetiat¢heaesitedAimadahrasd qaresicacdt Triay tdcniaied dusirablestertomeanypease @énergy to arrive

slightly balore 26N AR ARalleL e 6 B Rl aaRRPESkIpbBYBAILALING eneray arive

simultaneously to achieve threshold energy levels. In a preferred embodiment that includes the

sequenc&T aiivelntpurie tsehse bsareediretizend Awdigd beshorowibriHe maritebatikeeffds for each

subsequeiil. e RELaYs Y Pea FaldeX 2B R gacialion nayR b saditeryeakenihe aelldearahisane followed
by microwave to heat and expand the cell followed by Pltrasougd to vibrfu;e e \(V&&I%ened celltoa

quick colBfyéessFatngdhe RS e R RO YRS AR R S AR E vould DE 10 quicky Cross the
thresholdsf@niptabener gy debeirrs A9, areaid thedesirgn e che (G064 1 Tremtihgraretriteisection Using
Speed Differentials: Even a single beam t tr a ' 0. diffexeny supstrates. This
becomes Y8R ASFEt o?ﬁ%?g?(a%%%?%é%% @%n%%t\é/eéi '?rZ%@?%? %2%%3 E%%%gdé]\?v%ﬁi%r{lkg éijn'gle
substratecdnorigetancie AEC000/0864 18 RIEPY1 482808l 9808 beam pulse being released

after the beams A, A; and Az have converged on the target “T" therefore destroying the cell.
Fig. 19 shows an example of the system verifying that the target has been destroyed.

{6050} Target vs. Non-Target Differentiation: In making determinations between target
and non-target differentiation, mathemnatical or control differentiation between target and
non-target cells is one of the critical issues especially when target cells are physically close to
sensitive, non-target celis such as nerve cells. Making the target cells look and/or react
substantially different is a challenge. To achieve this differentiation there are several
approaches that may be used: 1) nanoparticle adhesion to target cells that reduce the energy
needed for cell death, defining margins around sensitive areas within which no targets may be
selected, as described further below; 2) use of marker dyes on target material/celis; and 3) use
of mathematical algorithms in the control law that enhance differentiation between target and
non-target material, as described further below. The very small beam size and the control
architecture in the preferred embodiments of the present invention are strategies for assuring
that target cells and only target cells are destroyed.

[6051]  Heat Dissipation: Heat dissipation inside the body may be a problem especially
for applications that require a large amount of work in a concentrated area. To avoid
unnecessary heat build-up the preferred embodiments of the system will self optimize to
deliver the minimum amount of energy required to cause the desired effect. This feature is

part of the automatic modeling used for feed-forward control. The amount of energy required
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ultrasound travels much slower than radiation within any given material. In addition, ultrasound travels
at differing speeds as it passes from one material to another. 100651 The preferred embodiments of
the present invention account for these variations in speed within its feed-forward modeling. However,
the present ifVeAtSHHAEY also make use of these variations to create intefS&iFf*BdHEYor two or
more energy types emitted from a single beam generator. This is accomplished by releasing the

slower mivinBteRahgypRpRdiA. frsesePeriberoseme in e kb B dsmrdlies s prl iR r beam

catches thaSIQRLOSHN @t iR tAertaNdciaaiosRshigh ensnaxinteysaetion;po tlasydieriursts of
energy converge. 100661Using tumor densi?y for target selecti%Fhand ai’gj)(i}rfl%: Tumors aépgrcancer cells
ié . Lt

in generat HAGSTARFIHERT BREN SROCHECISHSHAWHAR FoRIAR SUCHAS 20 ‘M2 tristics can
be used helpaitthe aalestigroandidesirnitr e groeis Fiergy bédhin agbomptipramndyimage

contrast are helpful clg racterjstics for. use with,preferred, embodiments of the sent invention. Use of
an energ?lifé’ e Pfé%dd g%ﬁ‘%@%iﬁ/ﬁ%{%gnp‘?’g*sﬁe%?%n%én %ﬁh%wtﬁ%\%%\gns?arxﬁﬁggﬁeirsrﬁjér}é\s/ements in

aiming thebdeanesiisiptivette tivattissualifentits antd vk fessinin impiovsgsleumay cayrd/diespeed.
100671T5ql%jmq E%%ﬁpgf%%ngéPﬁgﬁggm the irmags,acquisition system may be enhanced if the
: T :

beams contain ionS, as the ge and resulting electromagnetic fields should be visible to the

detectorsiB@8H for Msigadie ritsshandda.disaspmsheetheneratiebenigdisssirtidie sl also generate
their owngiaguetic firld Aseteprnassdyiihe delpsiors which willicaleis wnecivageéisiortion or

interference. It may be possible to compensate for the distortipns mathematicall or thr, u%h other

means stACHS ATEagRPlsh GelbGoahr LOS RAURIE X t08 STA S TR HREHES MG BR S BeBBe close to
one anothafkRiesiaheefleshirssvivillibdal pamplexiinfae theqrilr ey sica aBariiete sThith like
charges will repel one another while oppgsite charges will pe attracted, These forces will have some
mpact oM BRI T o 00 Pt e B RED e P P ek

[00691 Digiti ratiorhenthémédf(pritita demeisialdanalpsiseonityrinadto somib inisgendisasinggis) -
Modificatignad e MBIy R IIRDIRCHB:RMERL ABil Rl en sl Elan frameaahiing wil be

necessary to achieve the best possible image resolution and avoid video jitter. Conversion of source
informatiéheipell Wsralmeanialisearageal(FsiToyiagaltnesimasel slane Ypsiersmallfigitizer
introduceg,gipk 3B GaVsEDINfRIRatnadabe lost. Reconfiguration/modification of the imaging
hardare 8 giovide dreet dpzgton Wil e (eohied 0 RIRYe SYSIST RS forthe present
invention!

nanoparticles with targeting agents attached. One method includes attaching peptides to the

nanoparticles that will seek out and attach to the mitochondria of certain cells. Another

method includes use of monoclonal antibodies attached to the nanoparticles to bring the

particle to a specific cell type (target cell) plus use of an attached peptide chain to cause the

particle to lodge in a pore of the mitochondria of the cell so that beams of energy can be used

to activate the particle such that the mitochondria is ruptured and apotosis is initiated to

destroy the cell. An alternate to adding a monocional antibody to the nanoparticle is to add

an aptamer. An aptamer is an oligonucleuotide of DNA, RNA, or a modified DNA or RNA.

It is short (10-15 nucleotides in length) and binds specifically to certain proteins.

Approximately 200 have been characterized to date. One has been discovered that binds to

liver cancer specifically. The aptamer that was characterized for hepatoma is recognizing and

binding PDGF alpha which is normally only expressed in embryos. A preferred embodiment

of the present invention may use this aptamer attached to a nanoparticle to target liver cancer.

Another aptamer which has been described recognizes prostrate specific membrane antigen,

Another possibility is to use Macugen which is an aptamer developed by Eyetech, Inc against

VEGF. VEGF is overexpressed in tumors because of the requirement for neovasculariztion.
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WO 2009/045411PCT/US2008/011329 [0070]Wave Cancellation and Amplification: If the energy
beams are modeled as continuous, homogenous waves, phase shift control in the energy waves
seems critical at first glance. Phase shift control is needed to assure that maximum energy is released
at the point oPiRtIEEHEESH. Wave cancellation or amplification occurs wheRGFNES(Hfd gLt at inverse
points in their curves. To achieve optimal energy delivery to the target point, a person of ordinary skill
in the art [WBdpprediatephsicitizse whifttekrdditeriyd tightlyizerntdibed:dftdesyeantipbdiss shift is only

I tf | f ' t As th I
relevan %ﬁéﬁ@éﬁgﬁla GRS & %ﬁn&s.ommgnogg%&%@@hgﬁé% QM&E%H&'I&%{%% € angie

between the & s becomes larger the effect becomes smaller until it reaches zero etfect at 90
degrees. EPogaiampabed thspachiie HBRPBTEIRE Yinhmdptaasticsthér Hiemdteshordrieghnesitation in

every repgafiabigiglamsin Ll the iniRisasien eoydieas FB%%@&B%&QQZM HdREdnagmsgare modeled

more appropriately as sub-atomic Farticles (photons) co idiga%with electrons, then a different

conclusio#38 eppdizeneriibabinegy BhirHeshol emRemht %EHBW%WIBE%H?QégE%g?%r. In fact,

the knownanaysgidiwhich oy siedaeshvliEinatenassuggesialenyditienel 1beangedlatieioih the

intersection pqint. Comptan effect and.thampson effec uld bath. release energy in intersection
t t (&CﬁtC t ffect dtf}gl ft% Id b | t t t

h e
point. AdGH RER po Al Cofiisfor oF Fg'ﬁ-gr%eeréy 8?30 ong 1éﬁr]\t FESLIRS ntPeS%éYa%reC% energy.
100721Figsci8A, igBaing degpadative hﬁdmtld‘mregéﬁﬂmg"fhe ;anmgywva_mé_swqrsfrom the beam
ge”eratoﬁ%%%% By ?ﬁ?cﬁ_%é %%&'&-_e%be‘&q?Jr?}?:&‘%&@'9%&&9%@&1&5@@%@%&@é}er9y waves and

their amplification inside the mtersec’uon point wil vide a person of ordinary skill in the art a better
understariéiify Bileswpymgse sty spdgr epgbinaspss tisreRbmple, Figs. 8A and 8B include

informatiqpggdpted ferthe v avarTRUAGRIAAJBRIGAHNA INEIRRIIOORIN Hrion SABHIPYWR1Q9 the left that

when the two waves are separate each wave has an amplitude "x" and a certain wavelength "y"; when

those twoiaX/BE2ERaRs Prkaly 2Rfsiad a8 RegemratRuechay RassnE- o et e 2 s8R eiength of
"y." Fig. 8B shamnsl brdrbthe tunsivavehiaiodel abphasaldodagdetianaveseinspadtit ateuareated at

the intersectjon.point. Fig. 10 shows.,an electromagnetjc wave that includes.a magnetic field, an
eleotric N SIaR A S ATAS? ans Sen e Howorae sdithe KeameSEaBRPres obet o1 o
electromdgnetic svaalier TheinvdieepinsEig MG sy themal def dstigimingpofeeacte wigedisagtep up in

intensity WilLacGr-200 At 1161608 KrRBREWAVEE IR SO IBIRIEOSIHE WilLOEWeYIgaLimportantly,

Fig. 10 demonstrates that the magnetic field and electric field will both be amplified in the intersection

point. 1067d tidesimaitaenstiontpaingis cawily poatk Bssesmplisiisionidsribsismisrface of the
body closggkly the hransRpeatRss ddNaPRITRNRE PRRNENRIFOrBHNUIERPOLs readily seen

in rainbows and is where deflection meets diffraction. As the wavelength approaches zero
the deflection will also approach zero. This causes different wavelengths to separate and
travel in different directions. In the case of polarized light, we see the colors of the rainbow.
In the case of non-polarized, non-coherent x-rays, we see seemingly random dispersion {at
small angles). In the case of ultrasound, we see dispersion, phase shift and even changes in
wavelength. To achieve predictive results the energy beam must be refined. For x-rays the
use of a waveguide provideé a known in the art method to produce a coherent beam. As little
as three feet of lead with a straight passageway corresponding to the beam size will deliver
the desired results. Adding a filter to absorb the low energy photons and choosing a source
that emits x-rays not to exceed an upper limit of energy (say an x-ray tube) the beam can be
made highly homogenous. An alternate and more precise method would be to deflect the x-
ray beam (say from a Linac) in such a way as to select only a certain wavelength to enter the
waveguide.

10057} Beam trajectory selection / beam generator articulation / patient articulation: [f
we assume that we use a preferred embodiment of the present invention includes three

orthogonal beams with an intersection point falling within the active section of the imaging
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WO 2009/045411PCT/US2008/011329 moved between shots of energy. This effect is seen if the
target requires multiple shots and only one or two angles are adjusted between shots by final aiming.
This creates a cone defined by the circle encompassing the outer most points of the target and the
point at the e 3PtHEBEAM generator (vortex). The cross section of the cBRE{H2M8UE12%ectories)
becomes smaller and smaller as the section is moved closer to the beam generator and the maximum

concentratisnrs tietheasgtacmiiids botiyced sisalation Fyond whnllismeveaseiy Gedieabatienttable
may cause, sh{figlRnLa/arialigniR, BB ReIA (R4 SrAYR NRIC B lRUAR OGR! RAiRGn of
rgy

concentrations. 10074]Ene reshold Considerations: Fig. 5, as mentioned above, shows the

general ethserersenysdllpsayideshe fillirpRegresn el BErdAminELrsdiiBrs i BREFUBIRL. For example,
the wattsgradignt Lok aRsaRlOB-aRd-aalF datb & g igdigstivaemfeigohsamsmreilsed. Like an

electron microscope, the high concentration of energy at the fogal point will. create emissions from the
cell or ceMEti{RaPHRal PRy LI (5?@%:%7 B& ﬁgﬁeéﬁdn 2] 19?3‘3' {8 &R l%hzgee?r%a%%ﬁl‘ﬁ%rmation
and thus impraseibystenmieantof and ddrgetogm (Db iwdhi miathw hrentsgsepdisbipbn required

to damage a cell, and y isthe beam strquék}{ea_ggo%ig&iak%q Wégéiﬁé?ﬁrgpmm‘itmg% and x is the

beam stré;%f(gﬁ%%%%soorp ISrattie Thrget and wis the num er of beams used, then: 1;wz<>§;e/<z.
[0076]Therervesgy cpaditratimgistraisty biscen Sickfbetipogmbeaiedinbstaeiehtand raBaBipHRei Bigher
levels of %@S@X&F&fﬂe@&eﬂ’iﬂ%EPﬁngDtR@Héﬁr@%ﬂQSOrption’ therefore the energy absorption within

the intersection point will be higher than the energ{g;?gbsorptio‘n outside the intersection point and will

be a funciMF8k theBramieicstozdnsdentioniedoting Gy Aldiptiod s ¥ it estamEdintersection

point, and.R i3 diERRAIOMARRQRH AV EalR N Sid ehp HpLEE CliaRADOiBAnAPatwis sheeflugribes, of beams,
then: w m < n. [0077fEnergy Threshold Reduction; the present invention seers ltc% rch.lflge the energy
threshold 3 URRAFE SRRt S5 ARS A Ao B8 SRR R RO RS e e G SRS TRt of the

reduction jretbs cmednhofanargy tequisedd ordentrayrencelbqesultifiy fhromativestrlwmpsistenpected to
be on the order of % factfor of. 100 ?ﬁ]the mitoch&[wgg O?tglxé%9§%@g a‘gtg%h[)q{s I§§§ than 5% of the

total cell 57 VBRITES ¥Re Work'Sr Breaiing down the cell fs accomplished by the enzymes in the cell
rather thadiffusogy. fidwstedicdméated movements combined with feedback control yield precise

and accurate placement of the intersection point within or encompassing the target.

{0059] Singularities: Singularities are control issues that are mathematically
indeterminate, They are usually caused by division by zero in automated calculations or by
calculations that result in multiple solutions. The preferred embodiments of the present
invention are inherently prone to singularities. To resolve singularities several strategies will
be considered. One of these is to include sequenced priorities for movements and
trajectories. In other words, the first time a target is approached from a standard trajectory
will be different from the second, third, fourth ... These standard trajectories would also
include standard movements and thus eliminate most singularities.

[6060} As discussed above in relation to Figs. 3 and 4, the calculations for the pathway
selection are a function of obstacles, distances and densities within the tissue surrounding the
target. Obstacles include sensitive tissue that should be avoided. These obstacles’ distances
and densities are well known within certain parameters for normal human bodies (not
deformed or injured) and can be quickly verified in the pre-scan of the patient. This
knowledge base will be used to reduce computing time in the planning and targeting
processes. At each transition point from tissue of one density to another density a deflection
angle is calculated working backward and forward from the target. There may be multiple
deflections creating a complex path for the beam. To simplify this process and reduce or

eliminate singularities. standard pathways for each type of procedure will be used for targets
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[0078]Control Architecture (Figs. 14-19): Feed-Forward Control. The preferred embodiments of the
feed-forward control for the present invention will pre-calculate the WO
2009/045411PCT/US2008/011329 physical characteristics of the process: target locations, landmarks
for target acqiRifH¢atkt size, optimal beam sizes at target, bearn pathRESHKFREEEEard from the
target, diffraction angles, deflection angles, beam diffusions, beam strengths needed at target,

absorptiowidrid extbriegitoref the edond tesdsalamnplahef 1s@ivas kesdeddndhededtrigedry, initial beam
Stfengthsg ; HUEGh DRAML P EF LRI A ARD SRS wAURPRNRERFRBE ABRARGL dRBINMIGRE! Position,
Sl

robotic p oning of arms for each beaméien.erator, and anticipated movements in six degrees of
freedom, s stardardgrrdheis ruitlgee fefinem withsokrmarrsdoeRpmad eptasing Mikgtisluences. All

of these RaLameigiRREGd#Hed to choreograph the details of the feed-forward control. 00791 The robotic
system will recalibrate itself for each still position based on static or %uasi-static I@fﬂn‘%ﬁ:ks within the

person's B} If thEMFFBE T BSAERRISULPRTe HERS 8RYiLH4R SL5err i Htically
recalibratgapet-star hackrérasedwhengitigshidatsadbacianpins. Ta08AAEiegdhack Gaytnetand Final
Aiming. The feedback loop will use.digital information, gathered from a,sub-f f [maging
equipmerﬁ?.eblf‘rﬁ‘g(gl lﬁ%%- roaanﬁgu\}\?ﬁl&pépg’élﬁqen%ﬁ?ngg |br‘1£\ é%gﬁ)tng sma rgr‘gghalrndﬂlr{l%{?h%gtg g{ée#g]nd will only
be large empuighrequissliré gaagthderaagbheaith fesutSorilidrel infmedarbasistane timbiueed Within the

frame. The fesdback laanawill shemcomeolihe fnabaiming o5 the:hsamadagauss therpiorconverge at

the desired intersection points within the target. {)OOSl]qu this multi-stage aiming to work effectively
the robotisasiemeispHejurda efomatioesPsdaritaatieteiswisigaks et Bo®Rrance on the

order of qggg%twggm@dﬂ@gﬂmatg@c&@ﬁ&feH@Q;gr_nbodiment would be for the robotic system to
meet these tolerance criteria op its own by use of inl%ge?feedback. HO\A%ever, tpiztolerar&ce may also
0 o]

be sequetffabithirFIE SRRIEFHEULHEMETBES Wot 95 VRS THRY BHPHE BRSPS points within
the cycle @hthpatentially ivatilepstibSystern)is widhibetoteeasire fosiinglifieternhiny cntiare wf émit a burst.
e 2354y IMHRAN SPBYPHRES R SR s SR R AR R IR E R eV ement

Most of this type of error introduction may be reduced or eliminated by use of coatings or by

submerging the body in water. The coatings or water would have the same density as the

skin seo there would not be any deflection (or minimal deflection) when crossing from one

into the other regardless of the surface irregularities between the two materials.

[6063] Energy type speeds: Ultrasound, microwaves and radiation travel at known but

differing speeds through materials of a given density. For complex beams composed of

multiple energy types, staged firing would be required to cause the various energy types to

arrive at the target at the desired time and sequence. It may be more desirable for one type of

energy to arrive slightly before or slightly after another type of energy or it may be best to

have all of the energy arrive simultaneously to achieve threshold energy levels. In a preferred

embodiment that includes the sequenced arrival of the energy, the desired effect would be to

lower the individual threshold;s for each subsequent energy type. For example, radiation may

be used to weaken the cell membrane followed by microwave to heat and expand the cell

followed by ultrasound to vibrate the weakened cell to a quick collapse. In the case of

simultaneous arrival, the desired effect would be to quickly cross the threshold for total

energy required to create the desired effect.

[0064] Creating an Intersection Using Speed Differentials: Even a single beam type

travels at varying speeds in different substrates. This becomes even more complex as

different beam types travel at differing speeds within a single substrate. For instance,
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[0082]An objective of the robotic aiming is to have the target and all of the beams within 400 to 500
micrometers of the center of the sub-frame field of view. If the field of view of the sub-frame is 4 mm
square, final aiming control will have adequate space within which to measure error for each of the
beams relatiVE43 W& tatdkt. This error is then used as the input in the corftfol Tat 8 i feedback
loop. 10083]The control law for the feedback loop converts the error measurements into a usable
signal fordtrestimati dinvirlg niecicaotetiikagasdiaion svthinrayheiieioRisTinding adédes: wo

2009104541 1LCTHISAA08/ 01379 delest e jadiickiakhermmthe:ceniraldaw will generate a series

of electric currents with differential values. These currents power the final aiming actuators so as to

cause thd@868ked derausbimsioobetinsate 8hihs RERRGLIRMOH NIRRT JARIRDE VAIAINESand

automatic;@u}ge@gjm 1 fceorshiRd piepartien alowevemeasiscizmtiheemidmahelsnavement of each
beam must be expected to be proportional to.the skewfof the m%c%)netic field but tggi%%pﬁ){%on will not
be const&RE H IEBKPYSERNPIALR FEAI SVGIPIREUR BREFE 'SF R LRNR HERIFBIVIAW To

e same
deflection atrigle biamh genirgateWas depeodiphsbedthe riesling $hthvlowgh svbichgtheetgdam must pass.

oo PR SRR e it fa 080 BRSSP BB AIRSEONE Ao or AT euadenly have 2

. { aim {irsi ar
different datfection paftern It final aimifig moves eam such that it makes contact or passes
through thleliffdrant andatiergdtavdayreriche HekigmTaf iHerpresieniRARE ke BB LMCES a
continuo%lggg%tépn of the final aiming control. So, while the proportion of the movement of the beam is
not constant it iS measurable and therefore can be adapted in the control law to achieye the desired

accuracy09€flidedUsing Sraprdensil Sdatass SHEHR A AHB RSO VEMORTART FRIGHIS Bufficiently
sensitive jo R ibRdrskrddrllociar Bhans shifl adiuatmaiis vl albhbedeqaitadsdssa part of
the feedback control. 100851Image Control: Sub-frame images will be used to, achigve speeds and
couracieHBS BT THE FrAIB e BTN AR PR Fsei Ee o Ao Lo L by
processirighagsraaitasrtierhelpthe chenaytatithiesrfianiseunitiapotframy avhitdithento il therpsesontthe slice
may be forty to. sixty centimeters squar, - t esseshior l]jg:gcbggggecontrol would
be on thel%%la‘gfoé]f tprsé::eogr sur %ﬁ%@%ﬁ%&ﬁﬁe El'%gl efl}égr)r?é%%?inform%tion collected about each
pixel by veguificasnspre yerkstisinsaniogdhatioags réatisa orthedisasdanaivagndhusgeshiy useful,

completeim@mw‘ﬁggymgg@me will still require partial processing of a portion of the sensor
array that is larger than what may be expected on an intuitive level, 100861Robotic Stﬁ‘bi”%

Requirem@A87kor tHaasking of sy bmesBnel R dmees apauisition system may be enhanc

if the beams contain ions, as the charge and resulting electromagnetic fields should be visible
to the detectors used for magnetic resonance. On the other hand, the charged particles will
also generate their own magnetic field as they pass by the detectors which will create some
image distortion or interference. It may be possible to compensate for the distortions
mathematically or through other means such as image subtraction or exclusion.

10068) As two beams containing ions become close to one another, trajectory deflections
will be a complexity for the control system. Particles with like charges will repel one another
while opposite charges will be attracted. These forces will have some impact on beam
trajectory if the particles remain in the beam after entering the body.

{0069 Digitization scheme (priorities for visual analysis compared to computational
analysis) — Modifications of the MRI system architecture: Direct digitization rather than
frame grabbing will be necessary to achieve the best possible image resolution and avoid
video jitter. Conversion of source information into a standard video signal (RS170) and then
using a frame grabber and digitizer introduces error and causes information to be lost.
Reconfiguration/modification of the imaging hardware to provide direct digitization will be

required to improve system performance for the present invention.
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be required to produce a stable coordinate system relative to one another with a tolerance on the order
of 0.1 micrometers per feedback loop cycle. This design criterion is dependent upon the speed of the
feedback control loop. The faster the loop, the larger the tolerance. The limiting factor for the feedback
control loop $PREMRLHEIVIRI frame rate. Published frame rates for MRI s§StEME ¥R the order of
10 frames per second for high accuracy images. Gyroscopes on the robotic end-effectors (beam
generatof8§Thhy helfrye fenceintipaasiy N BRiisHows Pesorgs 2saptersrssistid/l1329 100871 To

improve the SRERE, HomBERAELHAIEE SYSISERiA ESMIBPROMEENAS, GRPRSItkRY aRnthrdinsteter Of the

beams. Larger beams may be used to more quickly eradicate larger groups of cells, Smaller beams
will be usHAS 1 fasesiiierngialipacsdediie BRI HPEINLT SHs58A Fre s m RAPRIRE a
significanfamesed:Rinn W feainaetlastardoasasilfitidoe actupatiteh andayithepeate onyrawithin
parameters, the_d%ﬁ:tor sets. Howeyer, the progess W”l\j,\,%?‘i?egm}/ au omatted once it is started. Failsafe

measureE IRE RN R ERerg & KRR SR incliaed in the device  CEAIMS 1. A
photonic habehnsiatinw dstuetsuil) eppreystethagrhprisihift needs to be tightly controlled.

However, phase shift is only relevant for coaxial beams or beams for which the axes are
offset by a small angle. As the angle between the beams becomes larger the effect becomes
smaller until it reaches zero effect at 90 degrees. At 90 degrees there are areas of total
summation and other areas of total cancellation in every repeatable element of the
intersection regardless of phase shift.

[6071} If the beams are modeled more appropriately as sub-atomic particles (photons)
colliding with electrons, then a different conclusion is reached. The rationa) for summation at
the intersection point becomes clearer. In fact, the known ways in which x-rays interact with
atomns suggest very little or no cancellation in the intersection point. Compton effect and
thompson effect should both release energy in the intersection point. Add to these the
potential collision of high-energy photons and resulting release of energy.

[60672] Figs. 8A, 8B and 10 provide information regarding the energy waves sent from
the beam generators to destroy the target cells. An understanding of the characteristics of the
energy waves and their amplification inside the intersection point will provide a person of
ordinary skill in the art a better understanding of the waves’ effect on the target cells. For
example, Figs. 8A and 8B include information related to the wave amplification inside the
intersection point. Fig. 8A shows on the left that when the two waves are separate cach wave
has an amplitude “x™ and a certain wavelength “y”; when those two waves are in phase and
added together they have an amplitude of “2x™ and a wavelength of *y.” Fig. 8B shows that
if the two waves are out of phase and added, waves 1, 2 and 3 are created at the intersection
point. Fig, 10 shows an electromagnetic wave that includes a magnetic field, an electric field,
a certain wavelength of the electromagnetic wave and the propagation direction of the
electromagnetic wave. The wave in Fig. 10 shows that at the beginning of each wave a step
up in intensity will occur and at the end of each wave, a step down in intensity will occur.
Most importantly. Fig. 10 demonstrates that the magnetic field and electric field will both be
amplified in the intersection point.

[0873]  Focal Point Concentrations: Focal point concentrations would occur on the

surface of the body closest to the beam generators if the person or beam generators were not



an imaging device for taking real-time images of a person's body to provide details of internal

physiology; at least two beam generators for generating beams of energy for delivery to a
target in he person's body, wherein the beams of energy intersect at a point; a processor
configured to"pRAYIHIFEEd-forward control for precalculating anticipated dEfi@GIBHE&REF@sulting
pathways as the beams of energy travel throughout th(;{person's body, and caonfigured to perform

feedbackmsoret ethesughaF of natiey. g Rifes Eachis greniidhrigragisequires multipleShats 4t feed-forward

control apgh the, feaqRRacksRRUA! SaniamiaaeHiReIREdimAansT VRIS iraideastare of the beams
of energy is photonic based, not radiotherapy based. 2. gpgl‘sgastem %?c[?rdingttot (t:}I]aimaL, wherein
the imagitgi e Roeths giialscAcRMmBFSHE FBE SHEA BRIFHAGRTS Belie LBt EM SR, TORLGIABRY device.

3. The systaip meeRidingdeclaine) wheseioshe dimgiighdedoe (vslode saegamtey)thadsierfos moving the
person in the magnetic resongnce imaging device or co ted tomograph Iee i . The system
accordiné‘?&ﬁbﬁéﬁ%df,még?gﬁﬁ%ﬁé;cé:{lf)e%gt v(\)/geéé:g?ﬁeéeon@rga%%n eﬁgé%gepﬁg{éiqsﬁalgme type %f photonic
based eneigyniratibn The syesterfaccebiitimyd. cleishevwire Fith themat expstemenisedfithgenerators

generatep(;jl'gi];el{&%fg Pneasy %Lt?s%esri%cient variation in the trajectories to avoid problems related to
focal point concentrations,
[6074] Energy Threshold Considerations: Fig. 5, as mentioned above, shows the general
expected results of using multiple beams of ionizing radiation at the focal point. For
example, the watts, gradient, cell absorption and cell death are greatest when four beams are
used. Like an electron microscope, the high concentration of energy at the focal point will
create emissions from the cell or cells in that area. These emissions may be read and
analyzed to enhance image information and thus improve system control and targeting.
{6075] If z is the minimum energy absorption required to damage a cell, and y is the
beam strength/absorption at the point of entry into the body, and x is the beam
strength/absorption at the target, and w is the number of beams used, then:

l/wez<x<y<z

[0676] The energy gradient must also be considered in determining the rate of absorption.
Higher levels of energy are to be expected to cause faster absorption, therefore the energy
absorption within the intersection point will be higher than the energy absorption outside the
intersection point and will be a function of the number of beams. 1f m is the energy
absorption rate outside of the intersection point, and n is the energy absorption rate inside the
intersection point, and w is the number of beams, then:

wem<n,

[60677] Energy Threshold Reduction: the present invention seeks to reduce the energy
threshold by using cellular features to assist in the destruction of cells. The exact amount of
the reduction in the amount of energy required to destroy a cell resulting from this strategy is
expected to be on the order of a factor of 100 as the mitochondria or {ysosomes account for
less than 5% of the total cell bsr volume. The work of breaking down the cell is accomplished
by the enzymes in the cell rather than energy from the beams.

{6078] Control Architecture (Figs. 14-19): Feed-Forward Control. The preferred

embodiments of the feed-forward control for the present invention will pre-calculate the
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6. The system according to claim 5, wherein at least one of the beams of energy includes radiation,
ultrasound, or microwave energy. 7. The system according to claim 1, wherein the target includes
specific cells such as cancer cells or groups of cells including non-cancer cells. 8. The system
according to &A%/ %4Hétein the target includes lysosomes, mitochondriaP&Ad'81AEYBidahelles in the
cell. 9. The system according to claim 1, wherein the point is the target. 10. The system
accordinghpsisaiieharagtoapeins efdlieptpfossvardeed Hpalinaatiradmartkicli raestiaubitioise

precalculaling (he tBrgaidPsalinnsAatciRRinG dafalioniGar saekNail¢-bRraRaRAdY's surface,

bones and tendons, landmarks for the target acquisition, the target size, optimal beam sizes at the
target, behiffiastion weglehgieesioarengism s difusienrhesrBrrEenats wreded ablshhles, beam

difoSiﬂn%bgﬁ%ﬂbﬁtﬁﬁaiﬁﬁmm e Hl%@meﬁhwaﬁl%%at&@umremas@m@a pathway,
power loss along a pathway, initial beam strengt ired, b i ired | b
o1 beama BB SFRRE BB S SRR RSO A T BBt e Str

e ) eam generator,
ant|C|pategdnnpl\temptsim'mﬁertaimdqgsmmbfgﬁedmmfeaWSbeAmrgmmamané@ép@geﬁson's
movement cycle, phase sglifts an f'ring sequences. toni -lnvasive surgery
system cﬁ“ﬁ%ér?%?ﬁgs? st e%eﬁ%gg#r%edoer?/i & for tgﬁ?ﬁéerggjgﬁﬁ*n%h%ﬁ%%ﬁﬁ%ﬁﬂgﬁs (;éd to provide

details ofiveeshifphymidisipg sequences: |ddkefihsssammmetaesy ato used o ehrerogiph dimistaienergy for
delivery IS%@%.%ADM%%%?% body along a certain pathway,

[6079] The robotic system will recalibrate itself for each still position based on static or
quasi-static landmarks within the person’s body. If the target or beams move out of the field
of view the system will automatically recalibrate and start back from where it lost the
feedback inputs.

[60806) Feedback Contro! and Final Aiming. The feedback loop will use digital
information gathered from a sub-frame of the imaging equipment. This sub-frame will
provide information about a small area around the target and will only be large enough to
assure that the target and feed-forward aimed beams are included within the frame. The
feedback loop will then control the final aiming of the beams to cause them to converge at the
desired intersection points within the target.

[0081] For this multi-stage aiming to work effectively the robotic systems will be
required to hold a still position relative to the target within a tolerance on the order of one to
two hundred micrometers, A preferred embodiment would be for the robotic system to meet
these tolerance criteria on its own by use of image feedback. However, this tolerance may
also be sequential within the cycle of movement. In other words, there may only be one or
two points within the cycle of movement that the still system is within tolerance for the
present invention to emit a burst. In this case the image and control phase would need to be
shifted to accommodate the movement cycle.

j6082] An objective of the robotic aiming is to have the target and all of the beams within
400 to 500 micrometers of the center of the sub-frame field of view. If the field of view of
the sub-frame is 4 mm square, final aiming control will have adequate space within which to
measure error for each of the beams relative to the target. This error is then used as the input
in the control law for the feedback loop.

16683} The control law forithe feedback loop converts the error measurements into a

usable signal for the final aiming device. In the case of electromagnetic fields being used to
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wherein the beams of energy intersect at a certain point, and wherein the beams of energy
include different types of energy for delivery to the target along the certain pathway; a
processor configured to perform feed-forward control for precalculating ant icipated deflections and the
certain pathW&§ #8Wi&tHidams of energy travel throughout the person's bddy* 5t ¥Hfdtired to
perform feedback control through information gathered by the imagi dewce wherein at least one of
the beandsfisce Haripdiviphaltbermpsscennist lanidtisansyaia aagries oﬁgﬁ‘eqiﬁé %%Fé‘rtﬁ ¥#Bording to claim

11, whergigJhe imaging davics DGINARS B RAMRSIL GsANA aURGEIRgad eyicme hodpitial

tomography device. 13. The system according to claim 12, wherein the imaging device includes a
gantry ta@ﬂ@%‘#%&vmg the person in the magnetic resonance imaging device or computed

tomograpéysdeVicerhe conttdh tIhegﬁwsf&mamﬁﬁdmywamalmﬂabimmamdmtameaemmdaeam

generators generate the same type o hoto ich sed ener enas I
11, wheri5%H2at %‘é‘a@i%%“ﬁ’é‘ Fgf(grq neré’f'e %’fereﬁ?ﬁ%@g%g eﬁ%ér/gy %%@rgr]lge tsoygtzlrrnn

accordingxigecledn bs, pryencionat ieab;t si(wcn‘ftthe megms oficiddrep/tisaitrhestieriktibrotitrasound, or

microwa . . s .
onstant At is expected that beams will move more or less within the field of view for the

same deflection at the final aiming device depending on the mediums through which the
beam must pass. For example, as shown in Fig. 4, 2a beam passing very close by a tendon or
bone will suddenly have a different deflection pattern if final aiming moves the beam such
that it makes contact or passes through the different medium, However, the position of the
beam in the field of view will be a continuous function of the final aiming control. So, while
the proportion of the movement of the beam is not constant it is measurable and therefore can
be adapted in the control law to achieve the desired accuracy (provided the hardware can
produce the final aiming movements in increments sufficiently sensitive to cause the desired
deflection.) Phase shift adjustments may also be required as a part of the feedback control.
{0085] image Control: Sub-frame images will be used to achieve speeds and accuracies
desired for the preferred embodiments of the present invention. This is achieved by
processing a small portion of the array at the maximum accuracy. While the total array for
the slice may be forty to sixty centimeters squared, the sub-frame to be processed for feed
back confrol would be on the order of three or four millimeters squared. The elemental
information collected about each pixel by various sensors is distributed over a large portion
of the sensor artay. So, to gather useful, complete information about a sub-frame will still
require partial processing of a portion of the sensor array that is larger than what may be
expected on an intuitive level.

[0086] Robotic Stability Requirement: For the system to work the robotic systems will
be required to produce a stabie coordinate system relative to one another with a tolerance on
the order of 0.1 micrometers per feedback loop cycle. This design criterion is dependent
upon the speed of the feedback' control loop. The faster the loop, the larger the tolerance.
The limiting factor for the feedback control loop speed is the MRI frame rate. Published
frame rates for MRI systems are on the order of 10 frames per second for high accuracy
images. Gyroscopes on the robotic end-effectors (beam generators) may help achieve this

design criterion.
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17. The system according to claim 11, wherein the target includes specific cells such as cancer cells or
groups of cells including non-cancer cells. 18. The system according to claim 17, wherein the
target includes lysosomes, mitochondria and other organelles in the cell. 19. The system

according to R4 Kkbrein the point is the target. 20. The systemZHctraMg bl etaim 11,

wherein the feed-forward control features in the processor comprise precalculating the target locations,
anticipatd808&llectidndroptpsedtisyspeedodra orrsIsier Bestitee ihenBred MEntherrapratiditarks for the

target acquisitionythe.tar ez AR UIMALREAMMIZAs A e RIg tloReAMIDG B vatkip g hackward from

the target, diffraction angles, deflection angles, <beam diffusions, beam stréngths needed at the
target, alSEBRBEEH Qﬁﬂattgmfé}ﬁéhmgva&b?@uaeﬂa{mw& Hoallsr igeuri o GAl patviydatial beam
strengthsgggquired, beam size required at generator, number of beams needed, gantry robot position,
robotic positioning of arms for each bearg%%?nerator, anticé'?ated ovements in certain de fees of
freedom, 888bn's m&-ﬁ% GESHET TR PE RS HOHL A e g’n%ﬁi'r‘%gg%g ences.
21. A phaigiida: hagedihopetarasive sithje paraysten demprisingts. Howevan imagingdevildéor taking
reakime Rges. AL ARESAN otk 0P rRYile IetalS Al HEIDB BYPIRIRncy shudldeast two beam
generators¥or generating beams of energy for delivery to a target’in the pé&rson's body, wherein the
beams obetiengyilitersedudedisshgiiepotnt; a processor configured to perfonn feed-forward
control for precalculating anticipated deflections and resulting pathway as the beams of energy travel
throughout the person's body, and configured to perform feedback control through information
gathered by the imaging device; and
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a plurality of nanoparticles attached to the target or within the target, wherein at least one of the beams
of energy is photonic based, not radiotherapy based. 22. The system according to claim 21,
wherein the imaging device includes a magnetic resonance imaging device or computed tomography
device. 23. The system according to claim 22, wherein the imaging device includes a gantry table
for moving the person in the magnetic resonance imaging device or computed tomography device.

24. The system according to claim 21, wherein the at least two beam generators generate the same
type of photonic based energy. 25. The system according to claim 21, wherein the at least two
beam g generate different types of energy. 26. The system according to claim 25,
wherein at least one of the beams of energy includes radiation, ultrasound and microwave energy.

27. The system _accoqdj59&@&[@3&&1@@&@@@@@@%%@%@@@ cell_s such as cancer cells or
groups of cells includigiAoRERREeLE AP iind Ral % SHRISTL AFEAANRAGAT S Wherein the

target in Iud\%s Igsoso es, Im %‘bch'ondrla an er organellés in the cell. The sygtem according
to claim FTAWHE S ‘E?Bﬁ’}f’ 8&he target.

at least two beam generators for generating beams of energy for delivery to a

target in the person’s body,
| wherein the beams of energy intersect at a point;

a processor configured to perform feed-forward control for precalculating
anticipated deflections and resulting pathways as the beams of energy travel throughout the
person’s body, and configured to perform feedback control through information gathered by the
imaging device,

wherein the feed-forward control and the feedback control function in an -
integrated manner,

wherein at least one of the beams of energy is photonic based, not radiotherapy
based.

2. The system according to claim 1, wherein the imaging device includes a magnetic
resonance imaging device or computed tomography device.

3. The system according to claim 2, wherein the imaging device includes a gantry
table for moving the person in the magnetic resonance imaging device or computed tomography
device.

4. The system according to claim 1, wherein the at least two beam generators

generate the same type of photonic based energy.

5. The system according to claim 1, wherein the at least two beam generators
generate different types of energy.

6. The system according to claim 5, wherein at least one of the beams of energy
includes radiation, ultrasound, or microwave energy.

7. The system according to claim 1, wherein the target includes specific cells such as
cancer cells or groups of cells including non-cancer cells.
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30. The system according to claim 21, wherein the feed-forward features in the processor comprise
precalculating the target locations, anticipated deflections caused by the person's body's surface,
bones and tendons, landmarks for the target acquisition, the target size, optimal beam sizes at the
target, beam path working backward from the target, diffraction angles, deflection angles, beam
diffusions, beam strengths needed at the target, absorption or attenuation rates along a pathway,
power loss along a pathway, initial beam strengths required, beam size required at generator, number
of beams needed; gantry robot position, robotic positioning of arms for each beam generator,
anticipated mo@emen@ﬁﬁ&@%ﬁ%@@?@éé%‘? Iffge ot eparstis SrashBrIBtRs A PR son's movement
cycle, phageckhiftsianodfiviher segprelees the @1, The system according to claim 21 , wherein the
nanoparticles include gold, carbon, iron, magnetic material, compound metal, tubes, balls, bubbles,

springs, coils, rgds anphgc%%p%eedi& %%rt%ocfla m ?’%vﬂg}&ﬂﬁé x‘?‘t‘%g%ﬁ '&9 t9 claim 21, wherein the

feed-forward control and t ntrol unctlon in an integrated or in"an independent manner.
33. The system according to claim 21, wherein the nanoparticles are targeted to the target cells by an
attached peptidd. moridelsysatarnssouingiontaioiardstitiodyefaethient aod egnamdeaturessip, tihe
system aecorsing-tonpiasnp2dcalvhbraia thetnapopatices arddpigeiedafethiennianddndriady an
attache%@ﬂé@?@Q@W‘@L&?&Q@“ﬂ&l@@%@?endon§Qaﬁ%m@(iﬁt%@'%&ﬁk@@tﬁ@t&é@@gﬁg the
pathway | §u dnedaviindoleranees opaytomaled,ad ;fl;aa% E‘VJPJ&’« S&” W g'&?fp RIGAIONG.s  36. A
photonic based non-invasive surgery syst Stem comp magin evice for taki ﬁg real-time

images GFHSEPIE FO AT ProURRMSRER Bﬁrﬁ?%hﬁé‘leﬁﬂ%ﬁflgwmget absél‘?é’z?&%ﬁét%éﬂ?ﬁenerator
for generdifhglpRaMRABIE Ye Ry RO ORSIIERE fopattaraltim b pars e dbtitequired, beam size

required at generator, number of beams needed, gantry robot position, robotic positioning of
arms for each beam generator, anticipated movements in certain degrees of freedom, a person's
movement range, a person's movement cycle, phase shifts and firing sequences.

1i. A photonic based non-invasive surgery system comprising:

an imaging device for taking real-time images of a person’s body to provide
details of internal physiology;

at least two beam generators for generating beams of energy for delivery to a
target in the person’s body along a certain pathway,

wherein the beams of energy intersect at a certain point, and

wherein the beams of energy include different types of energy for delivery to the
target along the certain pathway;

a processor configured to perform feed-forward control for precalculating
anticipated deflections and the certain pathway as the beams of energy travel throughout the
person’s body, and configured to perform feedback control through information gathered by the
imaging device,

wherein at least one of the beams of energy is photonic based, not radiotherapy
based.

12. The system according to claim 11, wherein the imaging device includes a
magnetic resonance imaging device or computed tomography device.

13, The system according to claim 12, wherein the imaging device includes a gantry
table for moving the person in the magnetic resonance imaging device or computed tomography
device.
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wherein at least one beam generator includes a beam processor for processing the beam from the
beam generator such that multiple converging beams or a convergent cone beam is produced, and
wherein the beams of energy intersect at a certain point; a processor configured to perform

feed-forward control for precalculating anticipated deflections and resulting pathways.as the beams of
energy travellfﬁrouglijbeu{g@sr?g 3?§8ﬁ%%§§83% %‘?r?d conf |geﬁ?1e%qﬁg Sr’%ﬁr?%?%l gegof{))a{ancgél%%%fsthrough
informgaisratfathiatl b iffhAgIAR ¢lBITEE CAREE% plurality of nanoparticles attached to the target or
within the target, wherein at least one of the beams of energy is photonic based, not radiotherapy
based. 15.  The sysiem according to claim 11, wherein the at least two beam generators

generate different types of energy.

16.  The system according to claim 15, wherein at least one of the beams of energy
includes radiation, ultrasound, or microwave energy.

17.  The system according to claim 11, wherein the target includes specific cells such
as cancer cells or groups of cells including non-cancer cells.

18.  The system according to claim 17, wherein the target includes lysosomes,
mitochondria and other organelles in the cell.

19.  The system according to claim 11, wherein the point is the target.

20. The system according to claim 11, wherein the feed-forward control features in
the processor comprise precalculating the target locations, anticipated deflections caused by the
person's body's surface, bones and tendons, landmarks for the target acquisition, the target size,
optimal beam sizes at the target, beam path working backward from the target, diffraction angles,
deflection angles, beam diffusions, beam strengths needed at the target, absorption or attenuation
rates along a pathway, power loss along a pathway, initial beam strengths required, beam size
required at generator, number of beams needed, gantry robot position, robotic positioning of
arms for ecach beam generator, anticipated movements in certain degrees of freedom, person's
movement range, person's movement cycle, phase shifts and firing sequences.

21. A photonic based non-invasive surgery system comprising:

an imaging device for taking real-time images of a person’s body to provide
details of internal physiology;

at least two beam generators for generating beams of energy for delivery to a
target in the person’s body,

wherein the beams of energy intersect at a certain point;

a processor configured to perform feed-forward control for precalculating
anticipated deflections and resulting pathway as the beams of energy travel
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throughout the person’s body, and configured to perform feedback control through information
gathered by the imaging device; and
a plurality of nanoparticles attached to the target or within the target,

wherein at least one of the beams of energy is photonic based, not radiotherapy
based. '

22.  The system according to claim 21, wherein the imaging device includes a
magnetic resonance imaging device or computed tomography device.

23, The system according to claim 22, wherein the imaging device includes a gantry
table for moving the person in the magnetic resonance imaging device or computed tomography
device.

24,  The system according to claim 21, wherein the at least two beam generators

generate the same type of photonic based energy.

25.  The system according to claim 21, wherein the at least two beam generators
generate different types of energy.

26. The system according to claim 25, wherein at ieast one of the beams of energy
includes radiation, ultrasound and microwave energy.

27. The system according to claim 21, wherein the target includes specific cells such
as cancer cells or groups of cells including non-cancer cells.

28.  The system according to claim 27, wherein the target includes lysosomes,
mitochondria and other organelles in the cell.

29. The system according to claim 21, wherein the point is the target.

30. The system according to claim 21, wherein the feed-forward features in the
processor comprise precalculating the target locations, anticipated deflections caused by the
person's body's surface, bones and tendons, landmarks for the target acquisition, the target size,
optimal beam sizes at the target, beam path working backward from the target, diffraction angles,
deflection angles, beam diffusions, beam strengths needed at the target, absorption or attenuation
rates along a pathway, power loss along a pathway, initial beam strengths required, beam size
required at generator,
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number of beams needed; gantry robot position, robotic positioning of arms for each beam
generator, anticipated movements in certain degrees of freedom, person’s movement range,
person’s movement cycle, phase shifts and firing sequences.

31. The system according to claim 21 , wherein the nanoparticles include gold,
carbon, iron, magnetic material, compound metal, tubes, balls, bubbles, springs, coils, rods and
combinations thereof.

32. The system according to claim 21, wherein the feed-forward control and the
feedback control function in an integrated or in an independent manner.

33.  The system according to claim 21, wherein the nanoparticles are targeted to the
target cells by an attached peptide, monoclonal antibody, monoclonal antibody fragment, or
aptamer.

34, The system according to claim 21, wherein the nanoparticles are targeted to the

mitochondria by an attached mitochondrial targeting peptide.

35.  The system according to claim 30, wherein the pathway is defined with tolerances
for automated adaptation for person specific applications.

36. A photonic based non-invasive surgery system comprising:

an imaging device for taking real-time images of a person’s body to provide
details of internal physiology; ‘

at least one beam generator for generating beams of energy for delivery to a target
in the person’s body,

wherein at least one beam generator includes a beam processor for processing the
beam from the beam generator such that multiple converging beams or a convergent cone beam
is produced, and |

wherein the beams of energy intersect at a certain point;

a processor configured to perform feed-forward control for precalculating
anticipated deflections and resulting pathways as the beams of energy travel throughout the
person’s body, and configured to perform feedback control through information gathered by the
imaging device; and

a plurality of nanoparticles attached to the target or within the target,

wherein at least one of the beams of energy is photonic based, not radiotherapy
based.

34



