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The ultrasound tumor therapy devices normally adopt the sphere

20 focusing. The ultrasound waves emitted from every point are directed to
the center of sphere and become the focused ultrasound. The emitter on the
ultrasound fherapy device emits the ultrasound waves from outside of the
body to inside of the body, which are focused during emission and

transmiséidn to form a high-energy focal point. Accordingly high-intensity

225 o and c_ontihublis' ultrasound én'ergy- is applied to the target region of ‘the -

- subject. The transient high temperature effects (65~100C), cavitation
effects, mechanical éffects and acoustic-chemical effects produced at the
focal point are used to selectively cause coagulative necrosis of the

diseased tissue and disable the proliferation, invasion and metastasis of

- 30 tumor.
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accurate, safe and effective localizati 5?1 of the focal
point is essential for a successful treatnment and
al so ¥éng dhe eappdisationf olobighaintensity docuseat altragpundetherapy,

target needs to be ipproved further. 5 The nedical, )
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effects of surgery and radiotherapy. 10 At present,
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Resonance inmmging (VR) aré lgﬂ%lﬁgﬁﬁ%_@ﬁ.ﬁggﬂs@gﬁﬁgpfi ete.

(QWleanohile®] also there are some functional imaging methods in a broad

sense or less used, for example, EEG, MEG, pMRI. (perfusion MRI), fCT

and etc.

With vigorous developments of Medical Imageology, it provides
many kinds of useful information for diagnosis to ultrasound therapy and
more -op'tions._ for lqcalization of treatment. In the field of ultrasound
_the_,rapy, normally 'B-m'ode,ul_'trasfoilrid-imagi'ng.'devic_e( B-mode s.canne'r.)' is
adopted, and X-ray computed 'tomography -sc»annerI (CT) and Maghetic
Resonance Imaging (MRI) are also used. B-mode scanner, CT and MRI

are respectively briefed thereinafter.

B-mode ultrasound imaging

The existing focused ultrasound therapy systems generally adopt
) _
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are respectively briefed thereinafter. B- (rjmdle ;
ul trasound i magi ng 30 The existing focused ultrasoun
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B- node scanner to | ocate and nonitor the treatnent.

The sane inventors of the present invention submtted
tBramagpiscsanérotp Wdahe antimbeitohithl tréaimensi The fsaﬁitsﬁﬁ/entors
J%ft ﬁsound system for scanning and curing tunor”
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reference here, e trasoun nmoni toring s

hieglared dIDN(mMZ\)J 2000ah aBRSpateayy &%technicﬁh@'so‘lﬁt’f'@n has been

i magi ng, having the same acoustic path as th

,tmwlapemtmcdemlk rAbouiud], toliser wised ashe tefemwhefeos]BSrnode

ft h-intensity focused 10 ultrasound (H FU)
2‘533%9\”&8 @é@&r"éﬂ%’g%ygeg} dpssihg Eoldpwime adyantdges: low cost,

h
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tdlﬁ%HSuf?@h'o‘?ngef\hﬁgbﬁfee t&ﬁﬁ@uﬁgcgog?s QORE 1 h -l l‘tﬁlésﬁy focused

the i mage greatly: and the serious Roises 2
iutagesurd i GIIFUYIdXpDsIRY BeEoRHnk! ARAIR tsca’l_'é”édgazltgef of the

the ultrasound | mage has poor 15 capacily to i
timageiss Bug, Bounaasovanddimage iekioited on therdetpmwaobservatlon
partlgg [arly B-npde ultrasound i mage al nost
t

o Jd?“ioééﬁtafl?? %Péaléﬁhﬂlsﬁumeblr&hah@bepe beddest the bone

L O p—
Shireid "fﬁénftB?m m&m%h?nFﬁmlrettﬁéyul‘ﬁaagoﬁ age has poor

determ ned. Under this case 0 era

aapacity nat lentifet thenti ssiet beuh ddmr and Gﬁrfﬁsﬁﬂlt‘i&l B tumors is
rel ati onship between the tunmor and the surrounding
tmog ddeal; rpargléﬁfafhlitB mpdm vhrgpwrd Ragé ialmespoamared.identify

A s RS e 1 e B s et
;fgs%@xgé&%téﬁwe&ezﬁm P e gpbgmes
suAldreevéhapnipletélyedaP ot e (& mined. Under this case, some
operators approximately determine the tumor accotding to the
relationship between .the tumor and the surrounding tissue in
conjunction with CT or MRI films on hand. But, the target ar'ea.of the

tumor determmed in thls way has some deviations from the actual area

of the tumor The’ target area of the tumor to be treated may- exceed the

tumor boundary or may be quite smaller than the area of the tumor

according to the tumor boundary. For an operator with insufficient
experiences, the deviations are larger. Such therapy .system quite
depends on the clinical experiences of the operator, the implefnentation
of therapy becomes more complex and the uncertainty of therapeutie

results becomes larger. Or, under relatively complex conditions, ‘it is
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according to the tunor boundary. For an operator with

insufficient experiences, the deviations are larger. .
Cuoh + hay any svstem m||| te r‘lnnnnr‘lc on -t he clini ('Pig /CN2005/001328
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experiences of the operator, the i npl enent ati on of
therapy becones nore conpl ex and the uncertainty of
t eyagdelfiqwdt 30 imeplementbtioorthsrdpeugier pr@edumsieind the safety
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that it 1is very inportant to accurately localize the
tunmor boundary. 5 X-ray conputed tonography scanner

( XFrayCdompamalitado graphgrsapher ¥@%) a br eakt hrough in

radi ati on diagnosis in the early 70's. CT uses X-ray :
to sdah (demmued tamography X wasiabreaktarowgh in fFviatidhdiagnosis

|nf rocessed by the conputer and the
'g‘ﬁs‘?afr c?@ prn'aifés Xdan t@escglalu thédmdﬁartfbgaimﬁgelmfmnatlon
difficult to

IR S N DI S—
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TTRARS ol %, BRI e Bt ing SEakisoHAE BB G are

béi€ficuitdertss imnged bg cﬁﬁfdehtﬂﬁia@@(ir Tﬁés% re%%ﬁsfrtl@ted images

accuracy rate of diagnosis of the i seases have been

pWithotdsdinity eandtgmiceli sekatiomship canevdikeenteahndicsafdingly the
AL P O e U T Bl e rcon
5, A RSB A Y, AR SEE B Tnne
b@%ﬁtl?S%@'shmﬁY@chﬁ%nYQ{tl Qn@@gffhg? %%ener | thlea?.hma and

ffomthe first géneration to the fi

vderiger Hasdyro@iotednh¢ dkeelopaseantseftinedital liliﬂ@gﬁlg3f11at§?©st1cs CT
head, chest, bel lé and pelvis. 20 It also can take

avas used e W@t brad naitial andoﬂlebwdiple bodp G@¥ scan appeared in
L e e
o&f ar gech 8? ﬁ)‘iin eﬁ?ﬁeérar}ezgrrggn Zié‘f‘:éégz{ a%%‘yd AURD) She Whole

apsklyo eXTe s i mket HosSisétion MAABkS Y thé HB@&rclﬁgfj Benl‘&aénd’Belws
range, also it can determne the stagi ng of

It also can take area scanning of small part of body, such as hypothyroid,
spinal column, joints, soft tissue and five sense organs. CT is the most
suitable to find out the occupied diseases, such as tumor, cyst, enlarged
lymph node, hematoma, abscess and granuloma and determine the size,
modality, number and invasion range also it can determine the staglng of
'carcmomas of some organs In some cases, CT also can identify _
pathological features of disease, such as solid, cystic, .vascular,
inflammatory, calcium-related, fat and etc. CT scan has three methods
including plain scan, enhanced scan and contrast scan. The plain scan is a

routine scan and a general check. The enhanced scan that can display some

diseases more clear is to intravenously inject water soluble organic iodin
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25 carcinomas of some organs. In some cases, CT also

' i f at hol ogi cal features of disease, such
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calciumrelated, fat and etc. CT scan has three

nmet hods including plain scan, enhanced scan and

ceforascarming. Thtieoptrat scac intd §irst appdytdonerascenafivigén or a

general check. The enhanced scan that can display some

JYritere A thag 1© 39a8ait. T @xampler theep@tsasy ormieis injected into
|ubl e, grgani c i odin .4 PCT/ CN2005/ 001328 ..

\8%1 g‘? & sg%rgxnarﬂqqgn_e%ﬁ% ORI PERLN S0s25% 19 FispLay éﬁpbrym cistern

comt fiRsmAIP t@ofy @8R or a structure and then to scan

it, for exanple, the contrast or air is injected into

brai Mhe steslatiand of hET tfae AMAGNI IHIhRBRI NEHa3O tBS: (oF B-mode

di splay the brain cistern and the small tunors init.

suliagourd df ert # smadf tu@lor of 1t tmBremsithivihealiZahien fak@for CT is

- I d. F 1t f 1to 2 cm
R AT e G e undrs 4894 < artiguiaghg (s Boosdbimaging
Sl P ARAE ey eGP et arigria] Fpadferimatiams, Brbin Sancer
g Cért@ﬁtpd?ngaggfa{i‘lid@r CERENes, and %ﬁé:gém%%r a%?hlrabclya%?eh-mode
di seases, th I agnosi S accutacy o - node

uiltrassond kxesededBatt bat CTT ahd RoWnA10F MRE! YialbhBsis geeuracy of
di agnosi s accuracy of B-nbde ultrasound is 95% Al so,

fBrmpdpaubicasoundsiis, $R6t y Allsa,erfor slrdpatm?ﬁgaki)sa afulty liver,
I ntestinal diseases, the detection rate of B-node
lﬂpﬁ?l}ﬁa%&m gnﬁi dhtestinak ndiseases: i thg tdesegitnmgiate of B-mode

| trasound therapy systenms 15 deploy an
ﬁk%g?q{l}i%@gﬁ means to |ink the coordinates system of

CT  963RBI QGstiAB9EHhnY1b By | AR e SAP5HI aﬁﬁtsas%}’lﬁhetﬂ]exogpy systems
{lselg t%orm e

therapy. CT inmages are treatment

plepdeyl Lare smanebilizetiohymiehss rtel dnkotthicpohdihuRensysté of CT
coordi nates system of CT scanning inmages and the
c8RBINgaiBages, viidtmthefcoondinatss, systemaaf dhertapyaldy images are

R B e dEFAE ¥ rBE RS G (ko Pifehesraletionaup between
B SR inal ST I CIER bl ik PEE 00 <Y ERarqiBH system
tof drRpexiRNbutdmatieayy FoneflRd HREARENIEHetROriRd without
image monitoring during treatment. The CT images here are the past
images (not real-time images). Even though this method has improved the

accuracy of localization to some extent, the deviation of target area to be

- treated may happén due to the physical movements, such as respi-ra_tbry .

‘movement, heart beating, digestive organ movement and etc. The

influences on the target area to be treated from this kind of movements can
not be learned because of no monitoring, the treatment may still be
deviated with great possibility. Meanwhile, it is very difficult to ensure the
consistency of the body positions of CT scan and treatment without any
monitoring. Generally, the human body is closed in a rigid immediately

shaped phantom for a single use before CT scan, then the human body and
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treated may happen due to the physical nmovenents, such
as respiratory novenent, -heart beating, digestive '

or-gan—rovensent—and—etc—TFhe 25 influences on t BET/CN2005/001328
target area to, be treated fromthis kind of novenents

can not be | earned because of no nonitoring, the
ttheaphantomeye stoigethdsescapamedabpdCli. t Becpusat the human body is

PR TRt S oSS or
i . [ i.ng. [ h .
3Rl IR g B O T SO st s

n - Qr.e an, .. .
e PSR hE A n B oS00 M Bk g, with the
tsigaitber hascaonel tbansfdrre Besoms o ttherdpynmBauipesbhti for treatment
closed in the rigid phantom the patiént cannot take
oiftert G¢ sshnnTbis methad reg@stessthatthe theampéuwticphmgihatl be made
t he, phantom The %ati ent cannot be fixed in the
Ak HRaMmeRM shall Qﬂm&)rmqﬂallaﬁtpdlﬁf@lx)@ﬁlgrﬁ short time after
t @tet her with the 5 phantom has to be transferred soon
tg tﬁ’?gpapy equi pnent for treatnment after CT scan.

Thi s : qyi t1d:h L .
e AR IULERS 8 kRSP RYRLEE 0 hlrapeus
| et aluel 4 OliarabteRis$ROrdf dlitroahd aherdpl, T6RRxample, physical
Additionally, there are a lot of factors to influence
t¢nnditiensof patient {foretkample, datndss afhpatentyy pstitioa of tumor,
ul trasound therapy, for exanple, physical conditions
T £ ?’Ftacfefrbﬁncgiéf?ﬁl gxample deloogr sppplyemtifhin paunen)ofumor

gt b, Ak e ERUR R ER e oFlEERE bacuBRiand ete
tTH&%”fa%‘f&%nd%&[lf]iP?lluQﬁgé Qﬁﬁtéfféc%tp%faﬂ%a%'bﬁ{)d tﬂgf‘aﬁ)g' Many
n e u u

factors directly uence the ects o raso
tfaetapyare NBfficulbtd be nwasusdeand hhve gréattinfliendees tHeetherapy.
and have great influence on the therapy. For exanple,

tiher exasaples thpblood sumply withiadbe sicpustic traasinissianwagand the
nd the target ar to be treated have | arge effects
SRTEER (B rgAled have Tareprdloqta qfothe temBotire; Ree of the

[ i, L cul . Lated. |f
CRERE SpDBNL ke ol SPIY 3R viery BTG B XsBiple. 16 there

efreeGios Rafltige t bvEMtidhs adhushémpeufit ehRctNARPENS | Simely
pl an, the whol e therapeutic effects of '

adjustment of the therapeutic plan, the whole therapeutic effects of

ultrasound therapy are limited.

- "Nuclear Magnetic Reson'a'ncej'Imag'ing:(NMRI-)  :

N_ﬁclear Magnetic Resonance Imaging (NMRI)' is an irr_;por"ca_ﬁt o
application in biological and medical fields. It has a short name of MRI
(Magnetic Resonance Imaging) and also refers to Nuclear Magnetic
Resoﬁance- CT (CT here is short for computer tomography). The simple

principle of MRI is: the patient lies inSide_ ah"-.ime@g»ing magnet.
Radio-frequency signals are then. applled o the 'patieht. .-The .hydrogcn
nuclei in region of the subject are excited by radio-frequency signals
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ultrasound therapy are limted. Nuclear Mgnetic

i clear Ma netl ¢ Resonance
Reso_nance | mag| ng (NNRI) N 9 . ,PgT/CNzoOS/ooms

bi oI ogi cal and nedical fields. It has a short nane of
netic Resonance Imaging) and also refers to
eé@ngﬁagW@lﬁkc TREEUHERMEN LT sigTalser whish s hefer ftor nuclear

CRBRA TRLE ol AR, sHERS, o i
d t
USSP 8 TSRS Sl e magner

Stt@bﬁﬁhcé\r ﬁgﬂé‘l?slt% e radhirdd CHENSVelS. ITRES information is
PCT/ CN2005/ 001328 and sends weak radi o-frequency

sporaissed whigaln tké eisste chacdaaristiop@ialdcd pEineaadcRirther the
si.gnals. During this process, the appropriate

g‘ﬂ%tweeﬁ@%bérlélmﬁil i ed to the magnetic field sodt hat

Lo oCBROSE WRSoRARE b e G850 sacnir
h |nt and furt

i wﬁmfeuasngg%

(ML diRb t@'R¥érnfiRk! 'ﬂherbélﬁldzﬁLZnéf ftl)'moij tfskfE EMRT p?gyl%es the

and is easy to distinguish the normal tissue and

hicddsme dard 6D adatigeci amd tahpahioph damanobody 2 fifll $949- can be
VRl provides the 10 volune data of a subject and a

gmangedf thergfarerddRlois vary sbwpleafnrblecatmggﬁm region of the

RSt S B e
giflgé‘ll]%}i%lgh?ﬂlg? Qk)%f Q/lé[ ogyf%l tggpg? olga II%E%? existing MRI
oo a0 s, 8 T AT v
ithegenaget s threerdiaiemsicolal nenagehevitf ar egrtailRyoluney/i Wherefore,

xceII nt technj cal solutlon in nmonitoring the
ngtﬁfé’m espRB CageH et teshpical solwiton parmpritoring thettheatment

TERE e o PR DA BT ae 1%, TR Surer R provides
noninvasive temperature measuring method expected by the thermal
therapy.

In this art, it has been discovered that the ultrasound therapy for
internal tissue of patient is monitored and guided by MRI. In HIFU
surgery, MRI may be used to scan the patlent for locatmg the region of

the subject to be treated before HIFU treatment and also to gulde the

-ultrasound wave to the region of the subject and monitor the temperature. _

changes of the tissue during HIFU treatment so as to ensure that only
the region of the subject is heated without destroying the surrounding
normal tissue. The advantages of MRI - are well known by the
technlclans skilled in this art.

MRI can not only avoid the 'radi.ating effects of X-ray CT to hurn_an

body but also image the diseased tissue. At present, MRI is a relatively
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ey o~
mormm T oTrrcu—™rmo—go

be used to scan the patient for locating the region of

the subject to be treated before H FU treatnment and

aldsel taeans e examingl theabonedjeatsee spinalheordgiizoent in pelvic
t he .subj ect and, .nonitor the tenperature 25 changes of

L FRVEY. digisg MEHBSIIYY dipeaseseateal yeasels disenser ef hrart and to

0 . QR . he subject is heated w thout
d@%%lggg%g%%ﬁgﬁgﬁﬁa&%%%‘ng normal tissue. The

advant ages of MRl are well known by the technicians

ski I'l BehtitRe tapbsicafibn d¥3k fSﬁMR?trteﬂli}h@}fgigﬁh%rgh‘? ti)?Jtvery high.

radi ating effects of X-ray CI to human

aVeweoweefor hihe diecmtinesh of ssagnet fiBIESEMRIMHe hénhagnetic
relatively 7 PCT/CN2005/001328 i deal neans to exam ne

tdrsipBhdOT theitherapysyistem bavela highcleval;i thepeforec the therapy
cavity,. uterus,.nedi astinunm di seases, (great vessels
distebus Vs YHLERFUL G heousadiermbrgedpitniien MRI system.
infarction. But the application cost for MR real-tine
nmoni teL i L Sueryr hi % f ar .
st eadi neés?lgn%l? rl%rg’gxr?e?':l %ﬂi‘ iuéﬁg%f%ﬁfl‘ taﬁlg Mﬁ ﬁ’ﬂtbqﬂv& their own
i a@itsg ds0ant helsbh BEAGYthe WS A dVaKtagas high ' ima
t‘here?&cﬁe, the therapy systemis vegié; dllgf ?lhgﬁﬁn’t ghebémage
uoéormatidi nlentitsi thet tre tMelr differemt hagitgnpsingples make the
B- node Itrésound, CT and MRl have their own
aqﬁ%ﬁ{s é’géén gdisgl efoomakind abimage agtiideal agberefore, the clinical
ption, the i.mage, 10 . information ljinmts dye to
SREMA R st T Rkt sPI AT Wbl el dieb desfosmance
il : : [ i [ l,.. Therefore, . .
f"ihﬂewccl%inj'r‘iiélglae?lt ' e?%‘ﬁ@%tgnu} geni Vggt?letg'iq%rlﬁlgap? 18cfiZation in
sdtrasoomd tiérapya | ow cost, high performance and

conveni ent inplenmentation to solve the probl em of
| ocalTheainvemtomhopes tasouha tteverimpage prbcddséng nvethbdrto solve

ORE"Brailemie sefed @ aodpoDkbwamdr dpYelonEaromfoRomputer,

fgeogﬁ%([)ﬁﬁg%aﬁfeo& g?o{g%lﬁ’% %rgciicIglgi’t%rﬁgln§g<:rhsno?8gieg}attﬁgi ?Ilnage fusion

appeared and has been developed since 1990’s. Some breakthrough fruits

in the field of image fusion have been achieved in recent years. Image

fusion technology provides a method to process images.

| Initially, the image fusion indicétés that the images gained by the.
.same or. differént ‘imaging —modalit-ies aré- 'supe‘r’p(')s.e-d" SO as té- 'gaih

'co'mplf-:mer'ltary informatioh and increase information amount after these
images are necessarily transformed geometrically and their spatial

resolutions are unified and the positions are matched. While, the study

scope of present image fusion includes image contraposition, display -and

~analysis of fused images, effective correction and data reconstruction in

emission data (SPECT, PET) using priori information gained from the

corresponding anatomical images (MRI, CT).
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appeared and has been devel oped since 1990's. Sone
breakt hrough fruits 1in the field of imge fusion have

ae 20 fusian PCT/CN2005/001328
ge—2 .

technol ogy provides a nethod to process inages.

Initially, the imge fusion indicates that the inmages
gai nedlviys; e intormasfordpféeidedtby differeyt imohgling nesdalities is
are superposed:. so as to gai conpl enentary . o )

i H11P ‘Ffﬁﬁfyaﬁ?ﬂltﬁn%”r Qéh‘?rnf]g‘r ﬁaq?f?roﬁ) aisuthe afifferent imaging

t S -pec rily transforned .. .
g%gﬁg{lpkggﬁ?y %Ognaﬁei%ﬁ&%’paﬂxg}pl% rgggﬁafpfms the effective
Uiifb R 8k G da By sP A2k lé OfS RS qnf{%&%@?’ﬁﬂ?' g?st #)p&ess of the
study scope of present inage ston includes fmage
cimt¢grapioni is an, naleplthy godmeariedly positidnsf W6Te it IBRUS Simages
effective correction and data reconstruction in .

efArEe PORddpeiat (tBpmpoint RER) spatialgfiptd.ofhisi pfaresatis aeferred as

i ned fromg e correspondi ng_apatonical inages (M,
%%e.glsgfaﬁ’e# SPERIB PEO%SRa)E the HategraEpAwsi th combine the

COmP R, ol SBERA T it B2 iham angtisplay the
dinfé@A&¢n. TR Ceggng,lg'fetrf&isa% SR Gyt de nore conplete

information, the effective 1ntormation always needs

to bddrndi€fprettetelafinelyl compleX eliascal aleddde adtechnical solution,
integration is to nake the geonetrical positions of

nithidhpean beeepssiedcontr withomdoporast, lepsiipimatchnwith the existing
q ield. Thj is.referred as o ]
e AL —
' j I y informtion containe
 Sochfed WRaBGuAE e P SIS, pOe BTt 6 Rp & the

© PI6ResEnd ther@h&kti & techpiqiedSimito erhpad:c%rthg ir;slﬁiegp%% effectively

relatively conplex clinical needs, a tec

sdlogteinothe tredthuintcamebAtqaesérg tloere igiidrsach WWIHSOIUﬁOH
easily tch with the existing equipnents with goo
éﬁﬁ%‘@ﬁ HhiherHeld ef,plraspund therapabl e f or |
high-intensity focused ultrasound therapy system is
needed so as to inprove the ultrasound therapeutic

SUMMARYSOMTHR BVVHFNTIONR safety and effectively

15 shorten the treatnent time. At present, there is no
such Tiecbjecabf sigd piésent itk eatl@SRIAJ Prdvi8e fal @1idbRf method to

ul trasound t her apy. )
localize the target area to be treated for HIFU therapy, which can enhance
the safety and effectiveness of therapy and meanwhile can -solve the
technical difficulties in this therapy with a reasonable cost. Meanwhile, the
_'prcs'ént- invention hopes to wuse this locatiﬁg method to ‘monitor the
treatment as s‘o to carry out the ultrasound therapy more safely. In order to
realize the above-mént_ioned object, the present inVéntion pro_vidés the
technical solution as following.
One aspect of the present invention; is to provide a focused ultrasound
therapy - system, comprising a central control -rrieans, which is used to

control said system, includes a means to control acoustic energy range and

move the therapeutic focal point and an interface device for inputting and
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- SUMVARY OF THE | NVENTI ON The object- of the present

; ; ; i iable nmethod to 20
invention is to provide a reLln troatod faor HI ElPCT/CN2005/001328

Focalzethetarget—area—+oe—>b
therapy, which can enhance the safety and

effecti.ven,e%s- of .therapy and nmeanwhile can - solve t_he

t OUHRHTEAE ditprmation iteor fomhpaid terapy swstem and may input the

| e cost. Meanwhile, th resent invention

nSRERRRY folfiias R
: : |t rasoun era .

t
PSP B0 BT Ol WBULARIRHES JERLERY u cipiy
alfior dereefitihingetheO B @Cto bett'i‘SatEH?%ﬁnﬁ?d YRNEA By Applicator for
provides the technical solution as followng:
agpplingfthe kaergetentpresatant geirares and b @8g Acoustic energy
focysed ultrasound therapy system conprising a .
cERE canceRiEatBg the angustiheaergyswithéd a smalaegio, feriedample,

TG E b 9o 63 o £ Sppcutissapeitia Ly oraing Machanical
ra tove €t thePEBeLtEepay ' |
POt XD B0 581585 Raruft e, APafilsalerey epplisator dor moving

s theddéteetianyprope tBMi ARG INBY ck SRith o tthShe QREL-BL d movi
comands 1ulgi)pngbrmuse1 a%aﬁ%e)c/boar dgang GhSer Ve %};ﬁean moving

Bs#tddacousticr emengydappiiger to doshey s&id tHeapatid #8&4"Point; a
gui di n gevi ce by a display for determning t_he_ ar ea
t B ‘é“g? ic g r%ﬁ@@[létlmﬁ%ngmgiyngdpwl@afomrscﬁgmn@ the target
[ h tg _a preset target area an
R T
' -t b ion, .for exa . a
7 Bor o LIRS P o cpufel Koyl g ieatimeso as

f emlakpdh@opetat 6E tdvané &8 disehded Portand n%}@ﬁgtéaw?%tg@gﬁesrgy for

of the acoustic energy applicator for

deedignsminageerdéng oo isaiyiimpgasc Bainfodusetihgltrasound therapy
instructi ons and noving.10 said acoustic energy .
Iai?ﬁltt?fe ﬁ“’{ FORRIALES 3hipmoRilizatoni meant f0r pointposiion. By

' k. und_i ma i dj ng device for _
S Rl BE i S 23840 buelBY Fof oy %sagmtn, e feal-time
i I [ rated. .
nse\fasonas oAt o’ SRR 40 SO e o
i ealtedahs t'registratian ).t andraken tdie thOBALL Of! x‘é‘giistéleatfdﬁ? B-mode

? ﬂx@%?ﬁ,@ﬁﬁ ‘i?uiafg@?(?ﬁrﬁa‘?ups'@%s?zﬁ&“?ﬁé&éig”fé% dL?a(rgemsfed guiding the
y %{a%%lgund t her apy '

The diagnosis ifnages mentioned .in the one aspect of the present
invention include, but not limited to.CT images, MRI images, SPECT
: images,.-PET images or the registered and fused images.by abdve-mentioned
images. » o

~ The guided therapy adopted by the therapy system of the present
invention is the therapy with treatment plan made manually. Or the 3-D
treatment plan can be made using said diagnosis images, then said 3-D
treatment plan is projected to the real-time B-mode ultrasound images and

the automatic treatment plan is made. Also, the 3-D treatment plan can be
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system further conprises an i nm)bl l'ization nmeans for
body position. By the help of this immobilization )
o f ok body pOS! t ! on, the real-tine B- rmde PCT/CNZOOJ/OOI:‘]ZS

a2 a¥alal
Mo AaArro

ul trasound i mages can be aligned with one di agnosi s

i mge (or called as "registration”), and then on the

b&@%s using thyi @lai-ailmla)ncqlﬁrﬂbﬂenﬁﬂeuiltxﬁa@mmﬁna%@g eFerfb4ld 3-D

fused with the diagnosis inmges for guiding the .

t KEAGRNt AIRB 1 BERIBRY tonseids diagmosisnbtages thdeonmmdified and
f th resent.. inventiaon.incluyde, but not_ -

5 ed gt el qEEE G P eBe s SpEEeS oWmgecording to said

[ he regi stered and fused images by

Jggsgid A??bned 25 images. The guided therapy adopted

by t hedditenaly, sist eysteth bifethy s&ddnt inVeHbLA Omha 3-D

t%erapy W th ?reatngﬂT pl an nadzﬁnanual!y. cr.?héséﬁﬁﬁ:

tiregimantpla and parfobm thedetematig tsattedi. agnosi s

inag%§, then said 3-D treatnment plan is projected to

the radther; thepsyvem @ft thes dunesentmagesntond rﬁ@ytD adopt B-mode
lectreatnoent pl.an.is nmade. Al so, e 3- .

?‘# Ee%??rﬁeﬂﬁ% f%rl rgﬁi-&lghe Bgalu%owpéﬁ@r@%‘/‘@@f $8tSade urS]I ng

t he A uj - ult nd i es, then

sai d 3o WRITE, A0 bFEEERReRiLh BRAMED 4 JPgRtng Mehns for

dinegrrost gistrations Tisbgpemdi fhsde alB@alii‘&Ji(gftﬁﬂi R bBfization

automatic treatnent is carried out according to sard

emF%l@& ean LbleamtelfacedAdmh dmmlols}&, ed]lhpn&;tﬁtaeﬂl m%ytl‘b‘@posnloned

resent {nvention may make 3-D treatnent plan and
|S(B’rft ?rﬁabﬂ“e Oguflt?rg&f)ﬁ@ EAePIReR:  suchr ah P T, g\ﬁR spdtetm, to be

Sl G Bbe 0 OISR SRRl Tt S0, o
: i ' ' a af,i.ng :
M o 63 RGESE Y RLHAASH, S A ocuin

Imeas, zthiei patiemd is fiweldi bhzeid edbleNBRNBe GRBrH equipment and
interfaced with diagnosis egw pment and may be
gesanwbiedthegonsistengy| of bodsi papiven sfogqﬁeqmmm ,angutie body
as and etc., to be, exanjned and has no
ipr?fsﬁ%’h%gf SHEPkIRS ISgenspred. ?BEQ[IFfﬁbe%éHﬁgn@FsS #@apments, the

different interfaces of the locating means are designed so as to ensure its

best matching with the diagnosis equipments and its convenient

installation.

By providing a focused ultrasound therapy system capable of more

- accurate localization, the present invention integrates the existed different

medical diagnosis images and B-mode ultrasound images for monitoring

S0 as to easily realize the interfaces with the existing ultrasound therapy

- system and particularly facilitate clinical localization of tumor, make

treatment plan. and monitor treatment in real-time. The operator can

accurately find out the target area to be treated.

Beneficial effects of the present invention

Throu—gh the real-time B-mode ultrasound images and diagnosis
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designed to be interfaced with therapy equipnment. Wth

this locating 15 neans, the patient is fixed on the
. nwhile {PRECN2005/001328

consi stency of body position for treatnent and the

body position for checking is ensured. For different

di djHiessssedupptenregistradon diff €ErenMRhimages ¢he afperiver can
| ocatin ng are designed so as to ensure its best
SRR DRGIHE WEAgRE A1e8 di Qonithpiedaen the basis of images

i i I i . B j di .af d
Conamgat iy 7508 R RO PR, 1 o
| OQVAIRITZidhA 23, fulsiién RV iER Seh1-tifye BLhffdel ﬂﬁ%roﬁhﬁsi(gﬁﬁfeﬁn sp. as to

exi sted different nedical diagnosis I nages an

ul theaeo guide g epefaror 1o petforinehe dierapyt OnedR basis of image
realize the interfaces with the existing ultrasound

t héealpjrapmns gud cfustord apdr throughr pkirgi3-Dt dteatmlennipda, 3-D
| ocal i z%i.i on of tunor, ke treatpent plan and
oAl dReAHmAnT (AR, A - DTHE G dreatgrerd anonitoring are

ST e fthe O SPRATESH FF Fe. o
eyt Shom Baro WReas RN OB AL B fome

of highdnteMBityi feqmsd tlhfasonﬁdatlwfap}arhncia%hiﬁaﬁl%b}'f b dumor

out the target area to be treated. On the basis 0

i miERA$mene it 2 dewarnstt Kerpvistesra vényvenactioal remhaical selution,
regi.stered .imges, CI.o0 . ipages fusion with

r eg’f'gllcﬁrﬁ?anerfﬁ%élsyu‘[‘m?lé%‘[)%gﬂl??‘r?égg@%e%oﬁ BmOotset t er

gui de the operator to performthe therapy. On the

basis of image registration and fusion and through

BRIEFDESCRIPTIOR G F AL DR AOWRNGSRL i ¢ treat nent

and real-tine 3-D virtual treatnent nonitoring are

per f dfiverd theCompamiang ofo théieinexhtiord thechbieesl, advantages and
solutions jn this field, the present invention has

dMdemMEpiationsef] thedny prtion £an bghetisr anderstood byathe technicians
Lah-iatensity f.acused ul trasou t hera n . .
MHed 1 SSIA o el (el et Bhedad sriprion wio
Ricey fiyfh V&M&viﬂ?@ﬁ%& cAlbdmRpical solution, which
can be easily appried to clinical treatnment of tunors.

- Fig. 1 is a graph illustrating the ultrasound therapy system of the

present invention. -

Fig. 2A is an operational flow for r_egistratilon and fusion of B-mode

ultrasound image and CT for treatment of the present invention.

.Fig. 2B is an operational flow for registration and fusion of B-mode
ultrasound image and MRI for tréatmeﬁt of the present invention.

Fig. 2C is an operational flow for registration and fusion of B-mode
ultrasound image and the fused image of CT and MRI for treatment of the
present invention. »

Fig. 3A is a diagram illustrating the installation position of the
locating means of the presenf invention.

~ Fig. 3B is a diagram illustrating the locating means for registration of

12



10

15

20

25

30

BRI EF DESCRI PTI ON OF THE DRAW NGS 15 After the summary

i i ' s, advant ages and
of the invention, the object RPN hogho”m PCT/CN2005/001328

rpenentation—of —the—inAverton—6s : _

understood by the technicians skilled in this art

wth reference to the follow ng detailed description
v@lﬁgnoﬁéclé%?:%yiaﬁg Brawideg 81 taasd usdb dotiagent TheFlapatihgi seans

. [ [ h | tr th t em of
iSRS e Bt %toh%%h%a&#méﬁgiﬁégﬁag %Zgéefif | Egglu -
: USi }
| gl 83 C ! S Ut RNIRR AR AR 18 o RiEns foh FEBRTA 0n of

Ii I opgaapLaRde LlPNARAL §RYESLT #hHEO
FidengRs| AR Atk UIRNARL SAGLEL] TP mean
tdieplayedhiecd it hwapuemefix undeglayiadter RRulthdze®C i s an
operational flow for registration and fusion of B-node

ul tr 448uftdis Aedtegane ilhestraiing) therrigeagsf regisaadonMlowoof the
treatnent of the . present invention. Fig. 3Ais a
a‘?rgﬁ?rgeﬂw?‘?tb%?’raoﬂq ng the installation position of the

I i f inventign. 30 Fig. 3R is

2 aaeam 1 1< hegtith o AHne, BYE i ient ped Snstilation of
r egoedtirgt eangfon the tRéathieg@Ra/ 001328 diagnosis images

and B-node ul trasound i mages. The | ocating nmeans

DY TRIEE BESC P RON I HEEET AR BES Bl s

regi stration of diagnosis inmges and B-node
ul trasound i mages. The | ocating nmeans 5 displ ayed

Embediment Yacuum fi x underl ay after vacuumi zed. Fig. 4

is a diagramillustrating the imge registration flow
of tHe spewsein HigventandnFigndAFithe Bmbodamedhagifathe present
i.llustrati n]gﬁt he treatment and installation of

'BEHY oy HLEAS BperaRion Ganstatestaged, 310 treatmentplan system 2,
Q%@@ PId£hb 11+ P.{‘,)EFEE-%@ Eﬁﬁxqs)l)M%N §yst§H1b oﬁj,l rrrﬁﬂftid}mensional

movement system S, water treatment system 6, treatment bed 7 and
locating means 8 and etc..

In embodiment 1 of the present invention, the diagnosis image is CT
image with a relatively high resolution. There are many kinds of existing
CT scanners in the market and the products of GE, Philips, Siemeﬁs,
Toshiba and etc., for ¢xamp1e, LightSpeed16 from GE, can be selected.
For ‘the relative information, refer to
http://www.gehealthcare.com/cnzh/rad/ct/products/light_series/index.h
tml.

The CT image and B-mode ultrasound image of the patient (the
B-mode scanner may adopt ESA.OTE - DUA4, see

http.//www.esaote.com.cn/product.asp) are registered and fused so as to
guide the operator to perform the treatment. Or, according to the registered
and fused image, 3-D treatment plan is made and the automatic treatment

under the monitoring by operator is carried out.
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As shown in Fig. 1 and Fig. 2A, the enbodi nent of the

i i on includes operation control
present inventio b 15 energy—cont %RT/FH?005/001328

I, 3D treatment—ptan—system2—3i5—-t

3, B-node ul trasound system 4, nultidi manS|60naI t t
novenegnt system 5, water treat nent system t reat nen

bed 7 MnPPerydon @Wnﬂgr@ngoéﬁﬂe@td of | thee phesdntrenyettion is

f ention, the diagnosis imge is CT
0111uts¥}‘§t ﬁlsﬁ{kr e%AQV . .

tively hlgh resol ution. There are :
rrany Aﬁ Fidst, Qhe Qiiitﬁl'tﬁgiy éﬁm% ﬁﬁnﬂgﬁﬁnérﬂ %c%?ﬁ@%ﬁgktg%arimary

and the products of SI enens,

etlimgnobir imagep! & ddt@thﬁlﬁl@ﬁe(ﬁh@ fa ARyl ﬁgé\nﬁ%t on therapy

selected. For the relative information,
h@qumqmmug@remqmtmreg dymBznedder adémﬁdrpm@eﬁbs{nleugbﬁd the
ser.i dex.h. tnl. 25 The CT inmage and B-node
UPP?%EQH YuHPé@'éO%fOlt Héa%méﬁtde@@mlneg thhdepscass & referred

cn/,B’ 'g’%%{“o“égé) A%% P%Sﬁ?%%lgf’sb“%% u&é&"%& é)gog;éamined by
Othed@ial ‘gh%si@pﬁﬁé’élﬁg \tvﬁhplﬁ%flgf LE}?(% usegt%m c?TDor MRI, or

according to the regi stefe

ttheafurenjonal dmagin g e éminbh;-e PETOR fofe t %}ftl%% the

under the nonitoring by operator is carrle
AEtiat2008d0003be fiked opmoatingn bl preset lﬁiﬁ:}ogiﬁRMn land the

fot resent inventionis illustrated in
O‘qurpfﬁtes F}ﬁ%eﬁhFl%filélbeb%bgne@osﬁtcbﬂxamnnatrceatthenmage can be

G o9 S BTy (SRR sl Fatcoe qRadieatoriag to that
NPy & eorBéiBr@YmgléTHé’Iﬁaﬁ AYeEedt ?né?ﬁr horg%é?rﬁ %lﬂ‘éﬁglzed on the

opt i mal bodypS|t|on or treat ment

Tthesayr eqefpinérst d&fordingdio pPeddt HABS bbki‘i’ﬁinn%ft@lt ?](%ahzatlon
pre-positioning, the tunor can be éxam ned

oﬁhsgﬂb%gesmgm@ahgn windnfusiesh areswirtied ayt 4mt tl&x ﬁrml @reatment
or ctional imaging, for exanple,

?’n ‘ég‘%F gmipgd. relﬁé\erﬂ ﬂ%ﬁ {ISAIMERE glle)d?ﬁabb’eﬂle m tegistered

bid &l 37 GR0AI% LAPLESS! of Oerogqgrllhlgogf %nﬂ virtual actual

system can be carried out. After the treatment is finished, the therapeutic

effects are analyzed and evaluated and a report is issued.

Embodiment 2

For embodiment 2 of the present invention, refer to Fig. land Fig. 2B.
The MRI image for diagnosis with a relatively high resolution and B-mode

ultrasound image of the therapy system are registered and fused so as to

- guide the operator to perform the treatment. Or, according to the registered

and fused image, 3-D treatment plan is made and then the automatic
treatment under the monitoring by operator is carried out.

This MRI image can be gained from the equipments sold in the
market, for example, Signa MR/i 1.0/1.5T from GE ( referring to
http://www. gehealthcare. com/cnzh/rad /mri /products/mri/mri.html) .
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coordi nates system shall be aligned. After

i i i can be drawn out and a pri mar
exam nation, the inmage . da p g:Nza/os/oomg

Before i nplenentation of treatnent, the patient is

" localized on the therapy equi pnent according to

preset body position. After |ocalization, 15 the inmage
egi strati and fusion are carried out and the fina
E?P@Q?ﬁﬁﬁ?“gg|an is determ ned. Then the tgeatnent
id - I.stered and fus I N.. .
eal e AR S RECRRRRE iy, SERT sbrhigat and Fig. 2C.
aThyafused Vint @ Sﬁrc”pearfcﬁ'MR?dwg#k]Eg l%flét?vfewhﬁié%f ?@stgrfgﬁ%n and

is finished, the therapeutic cts are”anal yzé

eBanode adtmsdurd impgetof the drdtepy s30temmhedirgBRterddFHd fused
enbodi nent. 2 of the present invention, refer to Fig. 1

affl 2Fitg. swige theiepenmpr itormgefdror thi a@atmbst.v(&)t,raca:grding to the
[ i gh [ uti d B-nod | trasoun
 esiueld nd ARelappougsoom, Heetmes: alen da auderwndhen the
' t.or .t rformthe .
c PuBmak fe e GaaR ROR ARl bBRneB Bl < Srrriad.eue

| MgeBefdrd fusRA BB T PARD MRIMBAS. AN ThEHt BEg MRtJo§can on

automatic ~ treatnment under the noniforing by opera

ilsatd:emtraredespéctivﬁhySpeﬁrﬁlrrﬂdﬁigwmnsciﬁn@i’é,n% f({c‘dﬂhgr}ﬁeans 8
equi pnents sold in the market, for exanple, Signa
all e gpad for localizaon andfimmobidization30 htt p: / / www.
ehe hcare. gonfcnzh/rad /nri . i
/g pr ozch e§PFﬁ)‘F9cﬁ“FFS. REenibe sempas thegeonsymbadizgent 1.

Enbodi nent 3 For enbodi nent 3 of the present

i Aeponynon vedrking porédegluréantitiié gmba@imeiiiseoff theddvention

I mage. of and MRI. with a relatively high resolution _
andg egpcﬁggepmqe,sgggumpqq%@s of theeinveatinpy ars desenibed in

LSk and fused so as to guide the operator
%&%gﬁg%lr%trln fEéej:r'treat ment. -Or, according to the

regi stered and fused inmage, 3-D treatnent plan is nade

and then the automatic treatnent under the nonitoring
blnitipkpasitioning sad pregositioniBef ore fusi on of CT and

MRI iﬂ;ages, CT scan and MRl scan on L
_ € operations of initial positioning and pre-positioning are very

- simple and may have been used in many treatment modes before. The
~operator gains the initial diagnosis images, which may be existed in a form
of film or CD. From these images the operator can determine the size and
position of the tumor and according to operator’s own experience can
initially determine the body position with which the good therapeutic
effects can be achieved and the acoustic energy may be fully focused in
tumor region without damaging the surrounding normal tissue and
dangerous organ. Then, the operator will make pre-position on the therapy
equipment of the invention and use B-mode ultrasound on the equipment
to monitor so as to determine appropriate body position for treatment. And

the vacuum mat 802 in Fig. 3 is used for figuration and immobilization.

And the locating and fitting mark shall be made normally on-the body skin,
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10 patient are respectively performed. \Wen scanning,
the |ocating neans 8 shall be used for |ocalizaktfBn2005/001328

and i nmobilization. Other procedures are the sane as

those in enbodinent 1. The common worKing procedures

of which Tapic®Nic ntfvd Ner i dRuRIFIL OBk i[NEe %Qsﬁf Or, the marks are
processing procedures of the invention are déscri

i nmadg ageomding o ¢heiendfpositiod of bba¢. positioning and
pre-positioning The operations of initial positioning

and pre-positioning are very sinple and may have been

I t tment nodes before. The 20 operator
gglﬁ%gil??}tgg?ﬁfﬁ%ggegg%’éff&é‘i‘@ i mges, which may be

exi st ' - fi From t he I mages the,
oper a?mc;rd gf’;\en%egg{dge?lnfnr@ t gotéie?gcegﬁ%g nbeoaﬁsff _E)?\geégert W;ttﬂ simple
t walculatidnaaoaedling the iAREARIstE M) TP L HER5GE0k 3 only the
initially determ ne the body %osml on w tE %\EI cﬁ ?he

gtz bpenement ehflemtosn sealebThachitemeticasdekbebed as below.

' be fully focused in 25 tunor
?gﬁg%:il %)ilfﬂgﬁazdgﬁg‘b‘?ﬂémqjﬁésys&)ﬁmﬁddmrmdrﬁls bEEMIeare 3D
. Then,..t he operat ar . mke
S:ggrégsg?x?%o;bqghn%{iﬁsggy%tgmmf h%ﬁ’ﬁ?‘%ﬁfb‘h?%ﬁ% ﬁé1§ 1s the same and
| rOHRthe PosRIbrid ST &1 SRS pb|di§ aFOUIIFerRA, t he equi pment
to nonitor so as to deter ne appropriate body
posi tildwe foffset refatthentoortivhtes heysuas uBM i giB02rdiftive to the

Fig. 3. is used for figuration and inmobilizatTon. 30 .
Aﬁ%q afescaxstery ehhe lecating meaks shaDffsétd (xpyde); wherein, the

. . . skin,. 15 PCT/ 005/ 001328
WA R mialBp ArFftsed s RtpLaing S s %, (el
hest : C [ to the en )
051 1o P R R S Bl P at A gy edtive to
Tltke poesdintteisrssetdrh QOF theespy Bquipetd RIOMRRNK <8 Y, 2), wherein,
together with sinple calculations to realize thé
i 1B deteamination pbRfsmid is eypbtined themeinafien) yht hf:_ _.

i . t d. zoom scal e. The arithmetic is .

ggglcfi eglsf’a%r{’%\t/@?n%&/.ocgﬂﬁ’t"éz yppe Pﬂmé%fofdbérddamsmlmage,_ ie.

i I r Cartesi an
O Seme e agE it dt S Bbe &, oRPhARR Bad ¢ samppent of

sdimis acale can be measured by the scale on the diagnosis image. Z
component is equal to the distance between slices to be scanned or can be
read from the standard medical image file of DICOM (Digital Imaging and
Communications in Medicine). At present, all the mainstréam diagnosis
imaging equipments provide the medical images with this format.

After the unit of pixel is transformed into “mm? unit, any ‘point of Pc
(x .y, z) in diagnosis image becomes a point of P (x, v, z) . The
coordinates of that point in the locating means is P1, so
P.x = Pc.x * PixelSpacingc.x;
P.y = Pc.y * PixelSpacingc.y;
P.z=Pc.z * PixelSpacingc.z;, (Formula 1)

If P is known, findR as below:
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10 only the positions of original points are
different. The offset of the coordi nates system g

RCT/CN
i magi ng relrative T0 the —coordinates—system-of ‘1'9I 2005/001328

|l ocating neans is Offsetl(x,y, z); wherein, the
det ery Qat Qn ﬁ fsetl is explained thereinafter
-(for t) Thixe PEPE6t he coordinates system of

t he Ip&?up ﬂpg{gfsgg&ﬂ Lve. to 15 the coordinates

system of therapy equip s Ofset2(x, y, z),
wher dta)z = Phe Iqjl&teesp‘ﬁ@ﬁléé en C(fFo(PHLﬁ?& i s expl ained
therei nafter. The space occupl ed "by one pi xel dot
of thErathdfingdiBl asrbgmwj . the scale is

Pi xel_Spaci ngc The X conmponent and y

con‘p&’n]e?it_ Bix S’t(hffyefécél e can be neasured by the scale
on t d| _a n03|§f§rmg Z 20 conmponent is equal to the
di st ancé é’s to be scanned or can be read

from h_sad ical e file of DICOM (Digital
I rraglptr}ggan% Qﬁ%ﬁgazgl ons® ﬁr& ]I%%# cine). At present,

al | tihe: ¢ourdsddieabr @i L Lpents .

provi de the nedi cal |I$r(ggg§ﬂ \?\}Alet LH@%IIBY g?gﬁirriﬁ%esﬁﬁtgn {82, so
uni t Pef.x pi Relx +©ﬂfsei@s<f srrd- Offgt{ B Oppidip xany poi nt

of Pc _ 25 x n di agnosis i mage becones a poi nt
of P%zx 21’)+ Ol)fmﬂ yeodt. le‘n@tf&thfy + DffsepRiynt in the
X * Pi xel Spaci ngc. x;

| P.x =

OCa&JQP% ;FEQ fsgﬁ%@lsgé’cz -;i— Oﬁfsgth pOffset2.z (Formula 4)
P A S o bl 00 S,
”h P
C R o TR Bk Bt

bel oR:X 5 Mxx— éOFfsxtHfo Offetd.x) Pl.y =Py +
Cffs%tl Vg P.z+ Ofset | . z; (Formula 3 )
.y =P2. y (Offsetl .y + Offset2.y)

P.z =P2.z — (Offsetl.z + Offset2.z) (Formula 5)

The point of Pc with a unit Qf. pixel is calculated using (formula 2).

According to the point of Pb in the B-mode ultrasound imagé the

c:(_)ordinat'es of P2 of that_._point in the therapy coordinates éystem can be
-found,

The space (mm) occupied by one pixel dot in the B-mode ultrasound
image, i.e. the scale is PiXeISpacingb(x, y, .z). The x component and y
component of this scale can be directly measured by the scale on the
B-mode ultr‘asound image. Z component is equal to the distance between
slices to be scanned.

The offset of the coordinates system of B-mode ultrasound image
relative ‘to the therapy coordinates system is Offsetb(x, y, z). Offsetb is
determined by the installation of B-mode probe of the therapy equipment.

Because it is decided by the therapy equipment, there is no need of any

calculations.
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The coordinates of P point in the therapy coordi nates

: - %
systemis P2, so P2.xm ELX + O‘fsetZ.x‘ P. X‘EI’C’L/CBZO\QS/001328

N

~r ¢ P OF £ o D4 ., o ¥
UIbELI.yTUIDULL.K 11U FZ27y — T Iy +— O Y

set2—y
+ Ofsetl.y + Ofset2.y P2.z = P 1.z + Ofset2.z = P. z

-+ Ofsetl §g+ Ofset2.z (Formula 4) |If any point of P2

in t ke-Xfe & gé')’é"r@i’ﬁ‘ait“@é"-’éys‘fé?ﬁm@b%nom, find the

poi nt _Ppin 1he ordi nat es em of diagnosi s

i magd 22& bfé"-aw Bﬁ.‘%jggaﬁé‘@% (%&@%%%:Yx + Off set 2. x)

15 Ppp & * pt + V) (Rz. =1P2y2 -
(Q‘fsBQet'Yz.ng?f dpfg}gel??g%ng%%r nﬂ%ﬁ%@%hé@ﬁgﬁnﬁl%g PC

Wi t h AftenPP ioffophd eindi B caal saibalcathted wlthd { &A1& 58)and the
According to the point of Pb in the B-npde ul trasound :
iltale in imagogeadndanaes system of calbakatqubiisingi (fothela 2).

t her coordi nates system can hbe 20 found, The space
() a"ggeweg&tW%egem%hlywte fisst; peqErensdB-mode ultrasound

SASGEUR HRER, e P B PR, e
cfbRRe 1R Lt APESLEEHLRY rd1Bn ZACoMdPior 8 PR dn the

betme ¢magears the eamey, Whide ad@ermihal gy kst cqthpbhénts of the
coordi nates system of B-node ul trasound i mge |

rediats Pb1'and Rk t herapy coordinates systemis

nst diesooint s PeBeobFbd ad He? dpyihedingesis image
e ARk R BEGIVETE u3tpd (forth DY (SRRE'S) ana (Siituta 2)
A LR, 2 S0 oo

. Pk ald. Pe? ifiacqhivpdc Brghuye théktsiet Pixel$ Fiifigh dOBimode
After P2 is found and P can be cal cul ated usi ng

(#lrepemnd Smagedist pessibly idifferenti fronmebe nepato dtisteISytaeige of
S(Yi%};r?ggiis Sinfaagle(,:l'{ gltaecdqulilrseidn %iasgfnoors?swir%aéze'shall be zoomed with a
zooming coefficient of PixelSpacingc/ PixelSpacingb (formula 7). After
the processing as ébove, there is a corresponding registered diagnosis

image in a certain area of the B-mode ultrasound image and accordingly

the image registration is realized.

The human body is considered as a rigid subject when the locating
means 8 is use.d. The B-mode scanner, CT or MR are used to acquire the
image.s of this rigid sﬁbject. Because the coordinates, size and scale of
B-mode ultrasound images are different from those of CT or MR images,
the transformations of coordinates, size and scale are needed. The offset is
got by the locating means.

As shown in Fig. 3A, the locating means 8 for image registration
mainly comprises positioning plate 801, treatment locating mark 802,
locating carriage 803, locating pillar 804, vacuum fix underlay 805,

treatment locking means 806 and binding strip 807 and seta buckle on_the.
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When registration, generally, we first acquire a
B-node ultrasound image in real-time. If the

thao Ar AN

d_i{fﬁéggﬂt Ghey ”EH%; ﬁsp%lit’a}] go% g)gfﬁ)eat?e'ﬁ‘?.t{&fy

PPN SN TP - V- arnmea 1 A Ay A~

rocyrstrattTurimr TSP T orimeu T1T A arcog CIfrc-arco o
supposed to be set as a rectangle region (Z-coordinate

of. all points in the sane imge are the sane), which

i RindigestHipr@y oy agraffe.dmpkonedieomi8@%he 10 points Pb

1 and.Pb?2. The coordjnates,Pcl.and Pc2 of .Pbl and Ph2

in tgg"ed OggHBE eI dS usPd tedixt %PéHePTeQEE@tW& @“q’lw- In

habezzzha %@?}ut the

I mage w n recta regi on dg?ermnecp

pMiGAMHYARERAT difforfRd.! and Pc2 is acquired. Because the

scal e Pi xel Spaci ngb of B-nbde 15 ultrasound inage is
possi bly different fromthe scal e Pi xel Spaci ngc of

di agnosi s i mage, the acquired diagnosis imge shall be
Iwagedegistratian zooni ng coefficient of Pixel Spaci hgc/

i xel.Spaci ngb. (formula 7). After. the p '
Dbovd T pBPatich Homb, Pedbinds Hepirghon oo charAgRobiEs 4. The
' i) ; A f . - f d., .
TGRS fisaBtiSh bRl BRefdichl 61 FodRfife Mdah 30 URE iniREfed in

reigl sized. The human body is considered as a rigid

subj ect when the |locating neans 8 is used. The B-node
scandarcatiff meahiR 8aireludexdtho pasigionirg tplete B0hdJes indtallation
this rigid subject. Because the coordinates, size and
saigréacst betpragpdhie therapsoeqi pmang endathe dilaghesisraquipoant; the

h f. MR ] 5 the t f ti . .Of |
383G e 80 M TS5, B2 e shABRE STh p S dhing plae
g1 By (tlé'{@rlhﬁﬁﬁg'tﬁg SEfibh o éb?&ﬂ{[ﬁ §it3 lugdelel‘f% réﬁ‘ﬁve to the
| ocati ng-neans O|p|magereg|s ratron marn _
CEoRMibeRE PRREISEN e RlaatenBdlx dndRalaFE805! 86at ibdBveen the

mark 802, |ocating carriage 803, locafing pillar 804,
viagonambiody andithd posis®singplatesmdiplucet ook thgyposisioning plate

S, M Patne Bl G0 a0 spla Buckle on the e
T e AN T RN
flﬂgd}i HurPRel EbRMACcR tBAHENachARY SRMRErtiANIEsk]y PY frer the
vacuum fix underlay 805 is vacuumized, it is shaped with rigidity and can
fix and locate the patient. One end of the binding strip 807 is fixed on the
positioning plate 801. The seta buckle at the other end of the binding strip
807 fast adheres together with the seta buckle of another binding strip.
Treatment locating mark 802 is used to determine the offset of the locating
means along the axial direction of human body (Z-coordinate) relative to
the treatment bed. It is located at the zero-position of locating coordinates
system. Treatment locking means 806 is used to fix the positioning plate
801 on the treatment bed 7 in order to avoid the movement of positioning
plate relative to treatment bed 7 during treatment.

For the vacuum fix underlay, refer to

http://www.topslane.com.cn/pro02-VFUc.html. The present invention
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patient body isn't distorted. 5 Inmge registration The
operation flow for imge registration is shown i

onoarati Nn f\‘F‘P
AT T OTT T

n Fi 9
CT/CN2005/001328

A The —principie;—nstattati-on—and—epe

| ocating neans 8 are illustrated in Fig. 5|. 10 801
Locating nmeans 8_includes the positioning plate 8
f%‘?(’Htﬁé}?%l"%?‘i‘%‘nﬁxiW@Flﬁadﬁoééﬁ%bﬁ Towslame Entgrnational, Inc. It

ST G LN S bl S i
hdd. Oy : i R : ition of, .
P n. M SaPhadhcoudiin HO I BR™HRTY shUEiR WhAAR iterial.

pT'ht @aBldm dushiormdfslt uindet BEERhAY pRASUHSES 2 O8RS Hﬁﬂq’(@ a %atient
the 15 human body and the positioning plate and place

obe trh@ldpcgafuiiy.owg@ phatar i80the Vheunwmcanstignpisl taken86dt, the
is used to determine the horizontal position of the

mEACUUThSURhieRNNATHaYs Israduadly adeptive tauthe bady m:datdlfayof patient
h bod f tacts .to t vacuum fix
oLy e i BEEREL G el ST im0 o e
. . Y. ! AR,
haLeRRcal cditoBaoh? Y VRLOUL, Kol Peatmen

stochliz&0h hadf positlonthg ben HeOshduredi 44 BlatigS8dr lo%g.;ation
seta buckle at the other end of the binding strip

famt pesitiening cagdehdscroased sches sefimpborok tiee oforRingt éficiency.
bj pdi n%.st'ri p. Treatnent |ocating mark 802 is used to
dé T6F PRing takemoppt air, dhe vasupsc ik wederhasais capahlg afhkeeping

tas)ﬁoiagéd S{F#e %flﬁo'g%? iof t !a? ucg’glgrr?lgﬂxsér!%é}g ?fgg Idg?gte 'ﬁ]éé %li fglie\r/l(? forms
o Ol o8 LGRS LRl 3y B flracea in Fig. 31
posd Figodihg plate 801 on the treatnent bed 7 in order

to avoid the noverment of positioning plate relative
to trid® pesitioping plateS0gist desigmeshaccdrding e thacteatment bed

fi | fer to .30 . . . .
[N p——
i nt.i 1 a s the .
P ek ST A, LS v e
Imbeemahisisathe thBfapy équipment and the diagnosis equipment.

Installation and positioning of locating means 8 on the therapy equipment;
The pre-positioning is illustrated in Fig. 5. There is a hole designed at
the middle of the positioning plate 801 and also there is a correspo.nding
hole at the middle of the vacuum fix underlay so that the acoustic energy
emitted from the treatment applicator 10 can be transmitted into the human
body without any obstruction and a therapeutic focal point 12 is formed at
the diseased region of a patient. There is a matching groove on the lower
surface of the positioning plate 801 so as to ensure the matching with the
raised portion of the treatment bed for localization. After the positioning
plate 801 matches well with the treatment bed, the coordinates system of

the locating means is related to the coordinates system of therapy
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assists the operator for positioning and repositioning

i i : r. The vacuum cushion is filled
the patient with tuno Tho e ECT/CN2005/001328

tp—wi-th—a—spectal—granttar—mater-al—Fhe—vacdun
cushion is soft under ordinary pressure so as to nake
a patient 5 be nold easily. Wien the air in the vacuum

qamvpwsnt.sCoameenlyythe ergins, € vuand us kindndineetdiens of both the

A SRR S Do SRT GH, B M v
e ifed 5 001 £ oA U DB ek P ot

POIsiks tofeget I8P €A1 bE fe D Hron® th@ Zdc bRk dt8BtRE coordinates system
| ocal i zation 10 and positioning can be decreased so a

taf thephenapytdmpipmekt thyoeghithe emark. 8024f t er bei ng t aken
out air, the vacuum fix underlay i s capable of keeping

“shapdder ffsgts) BhdnsteHingna xoyme-Hireetionrarte sthedaffsets of the

The different forgﬁghof vacuum fi x under.l ay under

FOOFEMANES SHRLEM | &r WoAlNgs MeAnsq ¢ latipe gto Jhe gpgrdinates

Fi C T I L1 oni pl at e hs  desi gne .
asc?'gtoerngi 85]1?‘8 t %ﬂa? ?eggﬁgr#&gédﬁé'of&?%%bﬁf’t Iyasgﬂng)ffseth—O,
th ek efyy-eOlUOPRBIN 2 anglp t he di agnosi s equi pment i n order

to ensure the snooth installation without any _

i nt el feeretizepositionidge plate\B0ie iy insvdllédent ther @Pytment bed, the
equi prent and the di agnosis equi pment. 20 Installation
aegupss i Baderday 80P cendarnepmpalngtag nplasedtdre thgppositioning

SPIFE peci P SRETA AR e WSS RSt B, he

AN e i
D82 TR V)0 Uyl MBE ik iy and he
usegtih@yhsle ishdbrhé® A6RYStHeC I6NRIDY pitst hater ftheMirN the
treatnent applicator 10 can be transimtted into the

haeannp Sixpodyenlay hip uakempubbdifterctheovaannn &ix underlay 805 is

. thera euth ggcal point 12 is fornmed at the di seased

MBERBdofthen fhe inatient tharacgd on thet vagun dixswngdesiayt ard the

U s A R R S5 R B B S8 gt ot
tarediempadudie dif %dbﬁﬁ?' %ﬁitﬁhe Whe%ds‘%ﬁoﬁi%g ﬁ@gé ts'toﬁg'ﬂi%n, the

pl ate 801 matches wel the treatnen

 diindilighatres 80ystiemsed 30evhelyl biral ithg soERREchem’ ehaufderlay

to the coordi nates systemof therapy 20 .
pogetbp oprh Gbe Imgient.” And then the air in the vacuum fix underlay is

taken out by using a vacuum pump in order to finalize its shape. After the
shape is finalized, the operator uses B-mode ultrasound image to observe
the diseased part and make a judgment if this body position is reasonable.
If it is unreasonable, some air needs to be pumped into the vacuum fix
underlay until it becomes soft. Then the .body position of the patient shall
be readjusted and the air in the vacuum fix underlay is taken out again
until the appropriate body position is found. After the appropriate body
position is determined, a matching mark shall be made on the human body
and the vacuum fix underlay by using a mark pen so as to facilitate the

checking and correction when repositioning. Then, the installation and
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equi prent. Commonly the origins of x and y and _
directions of both the coordinates system of l%ﬁf/tgﬁ%s/ooms

o Hr-a—a-a-e-t

means—and—therapy—egu-prent—are—superpostt+oned—and

only Z-coordinate in vertical direction has an offset.

This offset SP can be read fromthe Z-coordinate of )
tIRSIERR fi Patient Qysithen therapy temuipmephphase bgeprinished. This

tihrough the mark 80 The offsets in installing in x, . ..
L8R, bEGG SR s oTetkertly ot S6tsTnde PTE gORHidEpES oF initia
?y&tiﬁgﬁ&f ‘the locating neans relative to the

oordi nates 'system of the therapy equi pnent, i.e.
O f set After Yhe Zihiti&l Ppogitfoning; is Fongsleted) =fhe Bih&Rl2 s&ip i
= SP. 10 After the pggigtioni r%g pl ate 801d¥is i nstal Itgeggrlp >
ogledsedt Even timonghddie vacauny ficuunddriay isnsbapledyit8@] has some
under .normal _state is placed on the positioning plate
RJSTiqiEE 404t CHB FPAEUEHPAIICE it ABPIORyiA0Slistortion s Addagonally,

Bl 1 BEARY Dy RBARL b, 188 0 PR can v
f | | ' i HEmlo
(SR b R bl 600U 0SBy G ElEgleshlen: 1

ftie shagerdfayacdm i uABenaRdTheheRe WaBuRA! fi®Nindetlay is taken
pl aced on the vacuum fix underlay and the body

sawdpndeomr tengositiening plae ber sadageand the | bleed didlgnsdrhll be
with the holes of the vacuumfix underlay 805 and the
peaintpigsdniq B desedgtatusnhEmaliy,ghe postioningtplae 867 isstaken

[ th ft v fi der | 20
S R 2, ey 1 nder ey 2
vacuumifyey H@Fd’clafilk’lﬁgrﬁcaﬁéhqg iﬂﬁtallgéf a& 'tﬂ? ;faﬁi\é:ﬂ?z%g%seitioned

punp in order to Ize I'ts shape. te

ion fliendiaignesis eqhépmper.at or uses B-nopde ul trasound
i mge to observe the diseased part and nake a
judgnent if this body position is reasonable. If it

S .upreasonabl e, .sone aj.r needs to be punped into the
Iasallten ansepQniiering of iesating msaas s thebfiagnpsincapment

Lt he patient shall be readjusted and
Fﬁg§3p§§ipﬁsﬂﬂ)enq§§}cuumfi X underlay is taken out again

unt i ITHN§adiRAE ORfd ahe RRAYINRON AN afe 3rﬁﬁgﬁt 0kEfler to the
the appropriate body position is determnéd, a

nextacinagjomardons.h&lidstlyethmg@sitioriing planar8odly instatledhen the
vacuum'fi x underlay by usi niqa mark pen so as to
fHaenesiaequimaentp fonekamply. MR enfdedts watallagion is simple and

rt%@%soisgtiignr}ing%latz%’ ist gﬁ'eictrf)g’ tp?glcle%t cin? ﬂleagl%gnosis equipment and
the positioning plate shall be kept parallel to the diagnosis equipment
without any incline. There is no need of locking between the positioning
plate 801 and the examination bed and the friction between the positioning
plate and the examination bed can enough ensure no movement of the
positioning plate relative to the examination bed during the checking. Then,
the shaped vacuum fix underlay 805 is placed on the positioning plate 801
and the locating hole of the vacuum fix underlay shall match with the
locating pillar 804 on the positioning plate. Then, the patient is put into the

vacuum fix underlay and the matching marks on the human body and the
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21 PCT/ CN2005/ 001328 position of patient on the

therapy equi pment has been finished. This locatin
nroecn o r Q‘F er+ opl as—ireat-ment pr e- anI t | nnl ngC—H 2005/001328

PI U\Jb\)\) I J T

initial positioning. After the initial p05|t|on| ng is
conpleted, the binding stripis 5 released. Even
tvacoughfixhmdeatayshail ke gheekddgariesuldhalpea)lyi thestinding strip is
has so lasticity d it can recover_ after its

5o nE'e&Cﬁﬂa? ytaswmo IX ppdeslayamithythe hymapabediminiorder to

lmq ] fully cl osed. Therefore, the patient
Gf%aﬁy gé & ut easily fromthe vacuum fi x underl ay

W' t h%ﬁterdﬁx'@%és‘iﬂgﬁﬁf bPdid %s?sh%gcg f?gm‘fx?zﬁi’(%i'g}zgé )6&811 finished,

underlay. Then the vacuumTix un ay 1s

awaje Scaminpeapdsd pérdoimed plyahe dperated\f Qﬁzégmﬁli Bguipment.
bl eed hole shall be maintained in a cl osed st atus.

F| naIAf)VeIt the pwvaininatiomdapleea sompiatedakien bimdvag $tripn807 is
bed.. Then, Lhe | ocating neans 8 is
RIS R e | RElIgRk Koriekrs P (OB \GFUbRe fix underlay.
al l at.ion _an sitio .
g B dfniREon Of ahErtBendlis BfpineBfiretonll B image
(Hita4808Ts 18P Fafdrofthh ¢ al ?Xs‘??tirﬁfltmlm‘ij.ttrgﬁnle(?l‘fa%l'aﬂgand for

means are brought tog exam nation r

-1hakisigl prep hrativesi for Brnnalephat28080d lmI%Rrrsgaltﬂa@@non the
20 di agnosi s equi pnent, for exanp or CT. Its

| nst dihea®fisatl of ¢ ﬁmoerémdtetsmyspmu ¢fi trei lngapingtme&tsirelative

irectly placed on the diagnosis equipnent_ and the
83‘i i ‘Eﬂﬂrﬁé‘aﬁ?%ﬂés@ﬁhp g@ tﬂ@é{ﬁpypﬁﬂ‘éllplﬂéffntt}é)ast heen determined

ut a incline. [
%@218“%? S BevineBh PR L osBRnd Brisi G em ol Btagsps animage
treftReard Nak @%M@@at@ﬁ‘ds bénf b cﬁ)bﬁ’t‘i‘né’ @%ﬁ@ it "fetermined as
positioning 25 plate and the exam natTon bed can
dredogh ensure no novenent of the positioning plate
rel atlve to the exam pation bed duri ng t he checki ng.

Then I et@ﬁS%HaﬁéiFt@aemlm jmage ararkyi emsﬁcstlm aced on
e B Rl R, 303 s abEA o ThL GBS Rlans. The
locating carriage 803 has- at least one marker. Each marker has a fixed
coordinate Ps in the coordinates system.of the locating means. These
markeré have a gray scale different from the tissue of human body in the
diagnosis image. They are displayed as a bright point or a dark point on
the image. For example, the marker in the CT imaging may be a metal, for
example, iron and it is a bright point on the CT image. Through
identification, these marks can be circled on the images displayed on the
computer by the software automatically or by the operator manually using
a mouse. The software can calculate the coordinates Pcs of these markers
in the image according to the position of a mouse, so

Offsetl.x = Ps.x -Pcsx* Pixelspacingc.x

Offsetl.y = Ps.y -Pcs.y * Pixelspacingc.y

Offsetl.z= Ps.z - Pcs.z * Pixelspacingc.z (Formula 7)
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| ocating pillar 804 on the positioning plate. Then,

the patient is put into the 30 vacuum fix underlay and
' n _bodv_and the 2PCT/CN2005/001328

PCT/ CN2005/ 001328 vacuum fix underlay shall be checked
carefully. Finally the binding strip is wused to bind
the vacuum fix underlay with the human body inforder

t avoi.d any shaking. After the positioning o
d%&@ﬁ&ﬂlggaﬂw%wsﬁm@ti(aﬁe%&s@rﬁmﬂﬂowﬁed, 5 the

cqur AeriRE ABPERT Ot e, oS a2 kit dreed on the
tfgatéiti NSt 91 PTROY oip%ra{tf&ﬁasﬁ NGt ht%ﬁgastaﬁ({]t ab Sthat of
taken out fromthe vacuumiix underl ay. anwhi | €]

t pre-positiohiig. oThé Nehaged gviisivin eAX1 PREH ay 803! €8S pIAt&d on the
image data to CD for later image analysis and initial

t pesitionig plater 8@ cinidothe 10Catimg ihode pf ehpavatiansit anderlay 805
B- mfde ul.trasound i mage registration. The O fset2 of
tHalbpeteh mathetheslpsptpg rillan 804 suathierppsidaning plate BQb. Then,

15 SEAFHRR 53, hEMThe et Bt B URTERL climent
COFeds RRL 83icaRt A L?rIde]‘iil 865 shd RIBwELF Y8 thE W& seal
coordi nates system o ocating nmeans 1s determ ned as

1dokeliovis fTked Ohfthetbrimk ofUgieewatdiashPin bFRISoNT A the water.
identification. The locating carriage 803 is arranged

obhe iveatenseali clgtimddnis . thithend| aidztlesg thear 0ilage $08k htherefore,
a%ﬁ_east one marker. Each marker has _a fixed
cyytne pnedaper pf the\watgoical slaths! kydtlamtdnflugece the treatment

TS, TP R lEP SRR RE RS e a2 e on e
oy AGDT | Px HRRPay TREY e %tgy %galaaoqpb“ 4 A fatching
or a dark point gn the 1 nage. For exanpl e, the marKer

i matkee ofil thenpatigntmayd bthea vaetiam, fH0rund¥RiyplsRalli b@Nchecked
and it is_a bright point on the CT image. Through
i eprafully.chinadly, the diedimgr #tsipc 887bis vsed|tecbind thee patient, the

Rearien toorngdry B a8 B anBen erpiirs Jobdoeehen When ihe

"heatent BoSPiohiR §sC B 6AhE! The HifaRR P SER1RE° means
sometimes is different from that in pre-positioning, therefore, the Offset2
is subject to the results of this positionihg operation.

The locating means ensures that the spatial position change is only
the horizontal movement without any rotation. This makes the registration
of diagnosis image and B-mode ultrasound image simpler. It doesn't need
complex image arithmetic. It is a registration depending on mechanical
assurance with a high reliability.

Normally, it is very complicated to realize image registration. The
normal registration method includes the following steps: feature extraction,
feature matching, transformation option and parameters. determination and
implementing whole transformation. Each step needs a lot of

manipulations and operations. Taking feature extraction as an example,
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in the i mage according to the position of a nouse, so

e - * P i
Offsetl.x = Ps.x - Pcs.x * Pixel sg%olﬁpggozﬂ 9f_spgg/cy¥005/001328

D s D Ak Dy al N\
= FoS.y - L VR I L] /\Clopa\,l ||u\, Yy U™

Pcs.z * Pixel spacingc.z (Fornula 7) 23

' PCT/ CN2005/ 001328 Positioni n? when treat nent
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At Hhsapes marken, ngy RI@ple.ngfermumi i§. eSiractedstdspectively
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the locating pillar 804 on the p05|t|on|ng pl ate 801.

Theed tot perfomn eopeyetibne | avidh ekirattion f acdondinigheo Vgat/elli features.
bag 9 of the therapy equipment covers the vacuumfix
uﬁérémthwgh)@h%rﬁoﬂr@ isemeokimds opfesp v anenfor eatematie ak gistration at
cloth 11.is fixed the brinms of the ter bag in =
oP&f‘éF“f1 oNSeanatty QhoBPTalo 19,J8ge Fihthe aseRtacy sa’t high.

' f
ORGSR e E e
i ﬁf)f Weig Cobviduk I Siad 'RBL aufophadd YR ¥s‘9rattf3)‘ﬁ ?Q(a}ﬂbf@tdlfatﬂcult. At

positioning. Then, the patient is fl xed vacuum

f presentetherg 805nansofrivarsvaf@r aveahatit otdpidtkadond bheB-mode
mat chi ng 15 marks on the patient and the vacuum fix
uHbE3soands apge pand: ibee dliagresis unrqugespulhau Itbettmstem of the

80 d bind th t
vaaqfsﬁ?ffr‘s?naﬁaevﬁ%ﬁsﬁﬁanh?wéonnpw??E héc'f;s pgbiliamto make

teﬂ% r}%rézém&f‘ &BG%m]%p affreph Q%! tabﬁ”'sﬂﬁ e Zooming  existed

1
per for e e I ns tonP ot 1oca

SBERIeEIWS ﬂhﬂﬁebenimﬁg@n fohae iRkg &*t@reBOSTthBEEEatlons of
therefore, the Ofset?2 O is subjeCt to the results

ofegisiiratipmare voryi siqpdpevish ithe arilivaelio aaaboye meansbed.

ensur s that the spatial position change is only the
hor i ﬁ%w? ptafiis ﬁlaﬂftgeesn‘;/ human; bady iteeld Qfanhésphyswal

PR P 8B SRS e B TR ment when
Irreﬁgﬁ%lrrll;%rc igt &ﬂgégbgtsgﬂgﬁna'ﬁlizga\\ymhtgﬂ't?é{%ﬁxtehf’ Pae ‘#iﬁgg Qﬁ::v?%l&{' of above
mentioned images, which fully rely on mechanical registration, may be
caused. Therefore, during the scanning of B-mode scanner on the therapy
equipment, the breath of patient requires to be restrained and normally the
scanning is carrying out when the inspiration finishes or exhalation
finishes. Because the patient cannot have breath during scanning, the
scanning has to be completed in a relatively short time. This kind of
deviation may be detected .through comparing the organ with an obvious

mark in both images and then can be corrected by software functions for

accurate registration.

Image fusion

After the images are registered, we can use the computer technology
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the—fottowng—steps—Feature—extracti-onr—Feature

mat chi ng, transformati on opti on and paraneters

det erm nat i gn and inplenenting whole transformation.

EER Rusec Bpmpde yitrgsquad isnagroand pthsildiegrosds image and to display
operations. .Taking feature exiraction as an_ exappl e,
PBVpCnkBode/ Sotass Rnshopneln Jhts WPt thf [uved’ B-mode
SY AR oBindShEBUM icin ec’f%ﬁr?f Eﬁ'ﬁii SESRE Hsls € 0¥ tuIr{o?g}]Jh\gg}l can be

i mges to be“registered, e appr oxi nate posi

ss&mufilyoon dther dimGRse ihhge HRatrd BSicH. GhaheUasif eF image
exanpl e, gray scale feature or texture feature shal
bregistration, tver imafes atreefusedratlyraccotdingttbefusivmatitimetsc and
5 used to_ performoperations and extraction according

t Hhegy g dipdayadesThe mpegator oeath dingetls e thoofused noege as a

haRI RS SRl b S ol Be i aren

itﬁg't#eamd?@nd t§ ?Efﬂo l?féa\éofl%le%rf@égftfeé\j[wcf ﬁgg ngd J mage,

eatures ol eac I SSue are n ery obvi ous and

the guiEefistor agipihy aticiR kind'®f ehedbhiiputr imAbe phicessing.
present, there is no software for automatic
r' Elyérst aret many amagenfodion nidthadound weadeparite otvbedimensional

dé\sgnosis i mages. But the sgl_stem of the ﬁdr.eser]t _
i WS EH metherds basegon the bliees; diliess armeseme relativedsimple effective

posiition t.o.make only horizontal novenent of position
arﬁg{lgqcﬁpqsebezlggm ng exi sted between two ki nds of

| mges  9)iP& RGNt AW :ilrzr%lggs \%Ipf E@é%{gggi}ﬁnﬁgét??%spggenﬂy and

registration are very Ssi

abalte sdgkes lofeshblairentenis ity \of tthiLinh Hocst At onehARges of
human body itself or the physical novenent of viscera

and i%. t kelphgempanestsatupsrpésitine methiodniEachesolor represented
[ [ is different fromth when treatnent, a

I.magl n
| 7Y EPERLGH BAS Hhos COMRAREItSrER¢ fondl. Ofégel twiamponents of

foull hani reghstration, my e 20 .
(Lt kP B TRNRTUED! g FRASLAEHE e s TR By 1 cis
SEBRABErpifidited HeASPY a 8OIUrRIERaget Ne breath of

patient requires to be restrained and normally the

scanidi.ng Tihe ioeageygererated byhere sdvdndnapilioat isoRaifdfotmbe Snto a
or exhalation finishes. Because the patient cannot
Herd¥ 1BYag8t Andur i ng scanni ng, t he

4. Spacing choice: The pixels spacing one or several pixels in the
first image are replaced with the pixels with corresponding coordinates in
the second image and a new image is gained. |

One or several methods can be selected for image fusion according to

actual applications.

Treatment method after image registration:
If the tumor is small and there is no critical tissue around it, 3-D
treatment plan may not be used. The operator can determine the target area

to be treated according to the registered or fused images and apply
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scanning has to be conpleted in a relatively short

time. This kind of 25 deviation nay be detected
ey i n_obvious  naRETCN2005/001328

both images and then can be corrected by software
functions for accurate registration. Image fusion 30
Atprroptipte dosgyby teamengiasterdng taexparienses.t he

conput.er technology 25 PCI/CN2005/001328 to fuse

B- nod %F%&‘%B‘?}LHn?%g%u%tfbfiﬁtﬁrmunﬁ@h%éarget peagetogpritreated.

8 e SR oy BBy B irasounc

Cirea¢d ¥inlli Adafhileh il | SEHEmA! Bé”mgglfag@gclffﬁu?ﬁé‘ ngiégered CT

seen only on other diagnosis fnage sion.

timagmnasThe @ipera@gecan fiegh déteainind the WarsdtesRs @& Be treated in
fused only according to fusion arithnetic and then

aBemgie pilapeoundrimagperat ohedathalitampet layeaise thbeepissedd CT
e 0 Bere Tmany O tREFRAS Tahich e IrBeinesngacan bargartied out
A A5 T 014 bl ST R my b
ey 4 BSE Y TR B T g v

odispluged| iccebe réhBtign@Bnfede vlRhSSUME iflaBR! &he operator can
effective nethods as below. 1. Direct fusion: Two

i shegksthartar getpeeptisbe itrwatadl. i thesPamede lutraswhind ineage. If there
scal es di splay intensity of two inmages_are )
c’érﬂ“ryofiﬁfgif Fnig foundths; redfmyan insbe gaetigb out iaflier appropriate
. . Fach color represented by conputer has three
::T%&Hggtg%enlﬁs (RR G B). One or two conponents of the
first image are replaced by gray levels of the second
image. In this way, the superpositioned inage is a
cdtDrtfedtmentgin Gn tHhbasiswfanpgeacgistchtion shtass@cond
method is transforned into a 20 gray inmage; and 4. .
SpaciWQeEhé]il%epatFﬁ’ét phasel finishedi tle opvaminatwner dly diagnosis

o ik A Bon ARl T8 S ke e been

gained, then we can use these checking images to perform image
segmentation .and three-dimensional reconstruction. On the basis of
three-dimensional reconstruction, the tumor border, the tissue in the
acoustic pathway and the critical organs are analyzed and the treatment
path and therapeutic dose are determined in conjunction of ultrasound
therapy experts database. And ‘then a comprehensive treatment plan is
‘made.

After the image registration, the treatment plan made as above is
transformed into the coordinates system of the therapy equipment by use
of registration relationship. And a simulation treatment is carried out in
3-D simulated therapy equipment in order to check the reasonability of
treatment plan and to evaluate or modify the treatment plan. After the

simulation treatment is passed, the treatment plan is sent to the treatment
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after image registration: If the tunor is small and
there,is no ctttical tissue around it, 3-D treatnent
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according to experiences. The register I mag

ttreatiieat mordtdriveg.t arget area to be treated. The

target area to be treated may be determ ned by B-node

ul t r d@eueahniciangeskiHed rimghetdrt enashiessidy emkeayumerous changes
di spl ayed in the_ registered CT 5 i nmge. The operat or

é‘&ﬁ IRRToy ements of the erBodiments deseribed apabeyear egplynto other
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appropri ate adj ust nent. SO, rget area to
temetddicheney therefosd eligTsogst bY thbeinkegiish 9§ 9t @& b B8 8ricted,
and neanwhile this area may be 10 di splayed in the
rexgept hyrthesfaltayeing| dlaimsoofthis mmggntiohhe oper ator can
check the target area to be treated in the B-node
ultrasound imge. If there is any difference found,
the treatnent can be carried out after appropriate
adjustnent. 15 3-D treatnent plan on the basis of

i mage registration or fusion Wen the patient has
finished the exam nations by diagnosis equipnents,
such as CT or MRl and the checking i mages have been
gai ned, then we can use these checking inages to
performinage segnentation and three-di nensiona
reconstruction. On the basis of 20 three-dinensiona
reconstruction, the tunor border, the tissue in the
acoustic pathway and the critical organs are anal yzed
and the treatnment path and therapeutic dose are
determined in conjunction of ultrasound
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transforned into the coordi nates system of the therapy
equi prent by use of registration relationship. And a
simul ation treatment is cd&hlig out in 3-D si mul at ed
therapy equipment in order to check the reasonability
of treatnent plan and to evaluate or nodify the
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use real -tine B-node I nagling sys _
ta e@damBnio 6owtrd LacvidtitabrerghCrdnier ARPHIdve &fd Bfdrap&NSt focal
to carry out the automati C or sem -automatic
tpaiat apdtanbnterfecenddvicofosiputiing uad outpeainehiformation to or
nitoring. 5 The technicians skilled in the art may
em sAidAREaRY B changes. and i nprovements of the

frer db A ReO R e Tardiinies fon flying fug encrey to a preset
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invention 1s des ed according to e preferred

: enbodé.ﬁwtrsechfahﬁfaﬁd@f\&n%%@Wﬁﬁngfméﬁ% bP Y& AQSUsHR energy

not to be restricted, 0 except Dby the follow ng
dppliegtarf forhmoving ehei detectidn Lro¥D fdr SEmaging accogding to the
PCT/ CN2005/ 001328 Clainms 1. A focused ultrasoun _
RS UEYORY, And mQy3REr saifd ngcousticy epesgtyr appheatoroto locate said

Jfar trolling said systemand including a
ﬁeﬁgﬁl € E‘%cfé??ﬁ??% Mcoustic ener gy range and nove the

t her ageuf &1 f Ig- ' iater i for .
i npu?? i %f%égﬁggthlﬁﬁgnfaﬁ? g?ﬁg?}d(%% %E%’gd%ﬁ\é& gr seanning
tther &prget yatem gdneratinggcrpabitinie eBemoye apftraSorin@r ifrﬁi’ges and

appl ying the energy to a preset _ _
transferring the generated B-mode ultrasound mmages to said central
control means in real-time so as to make the operator locate the diseased
part and apply acoustic energy to it according to said images;

wherein, said focused ultrasound therapy system further comprises
an immobilization means for body position. By the help of this
immobilization means for body position, said real-time B-mode ultrasound
images can be registered with one diagnosis image (or called as
“registration”), and then on the basis of registration, said B-mode

ultrasound images are fused with said diagnosis images for guiding said

therapy.

2. The system as claimed in claim 1 wherein said diagnosis images
are selected from CT image, MRI image, SPECT image, PET image or the

registered and fused images by above-mentioned images.

3. The system as claimed in claim 2 wherein said guided therapy is
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a mechani cal drivi-ng and |ocating nmeans of Ea'dpcwcwumymn3u

acoustitenergy 10 —appticator—for—rmoving—the
detection probe for imging according to the

I astructions, and novi ng sai d acoustic enerqgy

atg‘ﬁlt BEPErWIth t¥?§’é‘é‘le§t§gfﬂhmaldﬁéfl§‘bw{)f~c focal point; d.

a real-tinme B-node ultrasound i mage gui ding device for
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inreal-time sO0 as to nake the opérator |ocate the

dis spagected par theirdalipley Brooodd ubtregringly ithageé for making an
according to said i mages; wherein, said focused
putpBbiGriscatmenipyasyst em furt her conprises an

i mmobi |'i zati on means for body position. By the help of
this 20 imobilization neans for body position, said

real -ti me B-node ul trasound i mages can be regi stered

Wi th one diagnosis inmage (or called as

"registration"), and then on the basis of

regi stration, said B-node wultrasound imges are fused
with said diagnosis imges for guiding said therapy.

25 2. The systemas clained in claim1l wherein said

di agnosis inmages are selected from CT imge, M

i mge, SPECT inmage, PET image or the registered and

fused i mages by above-nentioned i mages. 3. The system

as clained in claim2 wherein said guided therapy is

29 LLOYD WSE PCT/ CN2005/001328 the therapy with
treatnment plan nade manually. 4. The system as cl ai ned

in claim2 wherein the 3-D treatnent plan can be nmade
usi ng the said diagnosis i mages and said 3-D treatnent
plan is projected to the real-tine B-node ultrasound

i mages for making an 5 automatic treatnment plan. 30
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inclaim?2 wher e| n the 3-D treat ment pI an can p&/gﬁz‘agyooms
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and said 3-Dtreatnent plan is projected to said
di agnosi s i mages for nodifyi ng and adjusting and the

~autonptigc treatnment js ¢ [ t .5 according t
sai d 'ﬁ‘%‘i EYSIpIafs CIme énsfaélt”é% &’éleéfflautﬁ%é Pntréflitélil@ﬁt plan

call6E B b in oSt B HIEE 3RMulRa ANRoY MRS fid. jmages and

Gadd r@-q}' "t‘re%ﬂiief?tf plhal 78 ﬁroéieé”l’@ﬁr %nngr td?ﬁ%nd‘s%@%mages for
B- node ul t rasound m)nl t or to eval uate
ttheddpay i andefddiasting nandl Otheeaitdmatic fkatment is carried out

according to said adjusted plan.

6. The system as claimed in claim 2 wherein said guided therapy is

the automatic treatment with a 3-D treatment plan.

7. The system as claimed in any of claims 2-6 wherein further uses
B-mode ultrasound monitoring to evaluate the therapeutic effects in

real-time.
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