MULTI - MODE | NTERNALI MAG NG FI ELD OF THE | NVENTI ON: The
present invention relates to systens and net hods for
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portion of an object, which is particularly useful in
research and i reyiMOTRAMODIRINTERNADN IRRAGIRE ar, the
present invention rerates to nuitr _nodar rmeging with

i ght and anot her type of inmagi ng. BACKGROUND OF THE

I NVENTI ON: - Today researchers and imaging practitioners
use any one of a nunmber of non invasive imaging

techni ques to produce aAELRX@FAHE INMeGNTIORese

t echni ques enpl oy X-rays, magnetic resonance imagi ng
(MRT), t h

opti cal n% ?ér%l% lﬁggtﬁésﬁe%[at?%qg ?}Z%e &ll:gang‘p??‘@%?syf% ﬁ%e%n%%m@f multiple

anreptmjsﬁrmtlonlé(mf amnﬁerphlqaorﬂﬂcbmd)ﬂum obgxe, evtich mp@ftfwlalr@ useful in
non-in aS|ve techm]gue fohégerform ng in vj

o RO 7 EegHREaep ReAliant P arHeH e ePreient RCTioaglatss to multi-

mﬁb&ﬁ'lmﬁgﬁgwﬁﬂigb@%&‘ﬁ{o@@ftﬁﬁ%f% n i scovery and

devel opnent. Bi ol um nescence is typically produced by
cells that have been transfected with a | um nescent
reporter such as luciferase and can be used as a

marker to differentiate a specific tissue type (e g. a
tunor), nonitor phygirxhagkeRIND BRCHIR

distribution of at e?iapeutél c corrpounENXSﬂm\ﬂgl ster ed to

t he subJebty ressarchérs apd ugaglsgpmctltufnea; e agpee of a number of non-

Fl .uorescence i.s .,anoth t cal. i ma chnol
© HE A e Bt T o i dntsabish e, T ese fos by yes ermploy

ThX Syl tﬂ:@%sdﬁ@ﬁceqﬁfﬁ@m%f{m te ot 86hnk 86E Plnla¥outdl MYother
genetical 'y expressed reporters such as green

f | tysiemsceititcapineagaiens Regdry prosicaeptica | mﬁms efiar objRYt e sxample,
S u&@luﬁﬁn&éﬂt ﬁﬁ\%‘llﬁé ksy ) n&l—%%s%’e t%nI%g ie Spf?? ldfﬁ‘{c,{n%p Vévo diagnostic

henorrenon a su ance

pee‘tlhdles.ld)rﬁﬂnlmllﬁibjﬁ’(tgilh tienaterofinsedidal Rise:@th, paiho ramd drug
vva el ength.. Th abso(rjgtl on, of light is referre

seoy g1y anddeyslopment mgnlgﬁ%cggqedﬁ bypically prduced by cells that have
V\’aye%h & BstedFith RQum GRSt ort 1%%81'? iﬁ@ﬁéya%;’agxfd ﬁPe used as a

advant ages and di sadvant age e it
di makeriotdiffensyiiatg aamﬂﬁccmsuewe (Sg;reetumch moquevspm»smlo gical

sw patial or ana
bR bk 8 B o R o el RO A Biirigrongs he subject,
S Lbrttﬁéiplfo@rdéﬁlﬁﬂ bflg dfsuare! FRpadscéntt & 4RiHePBpficdl iBiking technology
activit Interest within an object belng

i nth@fé&n%{zé Yeed torfeack callsompalequlesai ngyoi (Thiscieehmalsigy hagbeen
C o&%&l@'ﬂ‘&[@ ré%%t@% %m% Ea?l&%&ﬁl%ss%fd rEB‘Hgfe spgugh ?Q/ gltﬁglgflﬁ%rescent

However , e co ese tra |ona
symb‘errs(@ﬁ%) abd acarenfarbd (NIRYrdytoswwhab Cybridiefhy, iflaores@nce is a

e B TRA B R e PSRV ks waysings
MRindamdtsaiip Ut £longer wavelength. The absorption of light is referred to as the
“excitation”, and the emission of longer wavelengths as the “emission”.
Each technique has advantages and disadvantages that make it useful for
different imaging applications. Some techniques are well suited to provide spatial or
anatomical information for internal parts while others are more suited to provide

functional information for an activity of interest within an object being imaged.



t onography (CT) systemcan cost mllions of dollars.
In addition, nost traditional imging systens have
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a multiple inmagi ng systemenvironment. MRl systens

requi r erdsBathdl® alfe%wmlﬂ%ﬁ AbsiRB1BROMbIR thé SipPOMAIstrengths
magnet during operation osi tron em ssion tonbgraphy

( PETulgplorsytema iowprsisy thaperst of dagh pﬁmeetmdat@omélmagmsystems
1 g2 be?cﬁv eg {)ﬁnglcﬁ)eslugli @5&151ngt?c}ﬂ gﬁd f){l‘%;ene ec ﬁll(f‘lgra‘e é).rcrﬁi}nsﬁg’e when
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ld be djiffi | d
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bYinBaaly S¥Shs MhWd frHQ1h] SRR AFOREh A YehibR nﬁ?ﬂeﬁﬁ%ﬁtatlon ina

transf er "bet ween the systens. G ven the foregoing, new
sywubipls ihegingesystomrenmigonménti MRE systetessreqhire thatinnferinosingtal be
be de OF THE The sent
B b o R R i T Ty
| %ﬁteﬁ’@ar@ Seogapligily [Riitbdao e eReltd PpaRiet abdBrghtéHdevice that

i magi ng i.nvolves the capture of_ | ow intensi

| i @H@“qeﬁ Hn sortiligRd rféh@lﬁcttpwg uses] mcthe tephqng kst ﬁr@ﬁéy Piripg an
|
' cﬂﬁéot TYe }ﬂﬁal cdt %] ﬁfffé%lﬁ"'i_%r Iel%( %Ir% e"\?{ﬁﬂg g%i ngtgﬂ{, such as it

sources W t j ect .
s ouowé bewyfficult teempintuhn the spaxml heasy peospdaissi sagh systdns without

t hi | A
otselre e i M R reiriay St ST | but i on of t he
| i ght emiveh @tk ﬁfégﬁlﬂghﬁevﬁ sstergseroPhertdimiddBnRple modes of i r1]mag1ng

Sof tware operated by a conputer In comunication wt

t heowdpedasirale: convert two-di nensional (2-D) spati al
di stribution data fromone or nore inages into a

t hree-di nensional (3-D) spatial representation. The
second i nmagi ng node n&UMMARLYd@FﬂHEWENTm)NeChm que

that co Ilnentsll ht i in clude
magnet i er@@%ﬁ‘?&%@“t 'rg 5ns aEEﬁi?ﬁl ?rdBBl&rfaﬁ‘iﬁl imaging
( QTsln 1%T ané @Be?oon%ﬂﬁi’ & nﬂékfn&aﬁi%ﬁ{‘&a Hig%%l(resﬂtﬁg bjﬁit&% of low

I magi ng such as positron em Ssi on tom)gr aphy (P
si intgnsityphgitt drne milslstrmtwmmc@df hedory gntapsity 1{gBPBEYT pe emitted

AT RE it PE RSP R A o g5 e A source

c omby tdrdspend 10 lacifrade (ERprebsdigd @l withiBa Dvigg Qﬁ&ﬁﬂhbﬂ suchasa
description of .the object - or its.interna

pomml%?né @WW@% éW%rfl@aenéanal SPéhﬁlslﬂSélﬂbthn of the light emitted
s Jeitie gh FR0 ok Igul'g B&. Soeaidre! Io 1A By %%%fng)me? e d&ﬂﬁumcatlon

I magi ng syst ém may oper e to anal yze an
c owlsh tie daheramap oenvertdwbp diedetsjoreb (D) spegiahdjstsipatiemiata from one

R TR SR e

an act i vid &codd intHe@e8Hibde may include any imaging technique that
compliments light imaging. Examples include magnetic resonance imaging (MRI),
computer topography (CT), CAT scans; X-rays; ultrasound; nuclear medicine imaging
such as positron emission tomography (PET), single photon emission computed
tomography (SPECT), cardiovascular imaging, and bone scanning. The second
imaging mode may produce spatial information that contributes to a 2-D (pictorial) or

3-D geometric description of the object - or its internal portions.



within the object. This functional information may be

conbined wth spatial information relating to internal
woaodsioosssof t he obj ect as provided by the secoRdT/US2004/021204

i magi ng system An object handling system noves an

obj ect Sefthareiopagrd byetssagutdr hecdr@bibichtiroiitg tieMEhehaging

and the second inmaging system The second imging_ .

sySsER ¢ secend yDRgIBR FYFlcHyMAY eneralsde apalys apd sombine the

obi iect: . _ M

o e e g S T SHBh A ighf b B AR are

whparticulindy edsfidde preslucerBigetionaFmforenatiop kelatirgrto MRlacisyist efiinterest

5 ot etmtee OB IR Shehtegt o rig e e ur vt Sy
| N@lfsteRSioh RaatifRaB ivbM@l FdrBen ofhe obfeBt 436N HADL IS k&d¥nd

noves . the object into the tubular cavity and positions
t hEnagHefteMor MRl i magi ng. To acconmopdate the |ight

tight r i ' ' C 4 j I .
[ ont | ROl AR e RO A SRR b Bl Pefcefthe tigh
| i mitgingsygiemoandrtherisennd onagheg dystemaThe sedoud émaging system
speci al i zed adaptati gns such as | i ght seal ,
10 CCTHPRIFE A ToETE RERA ToRE VPP PRIgFHITIma i bl et rlisg systern.
| NTRORCETRG aih BAPIRSEorrdsPorRIS R EBBFTise th SreR WA the object is
invention relates to a systemfor providing nmultiple
noigeagedfFar gughplg. aralVRIspttem msuatly somatisgsortubdar eavitipassing

obj T j.nck | [ in st
© naFSilsh 5GP SRS pHARe Bt e B By BB e i
a feogihingsmes; agl the handithgi systedlandes tipgbget intd B thb@ht cavity and
i magi.ng system i ncludes a) an inmagi ng chanber . i

15 ¢ Wq%qsﬁ%e ohjest ferdyIRg }m%@g.ﬁp agpempgpdate thenkghs tight requirements
co i . i . . i. t i
Pl BHEEE hmBARI & & I et Bnleiht SRR A Ob G naliBilystom,
i neghidimsgiag skanabred, drrbmii, mpysyeltdmspecinfizagladeptationspucly adelight
i magin ata . for.the interngl,portion of .the .object
P Sheigred o i i ooty R ng i e ok g gharmber
por t i oninf dhelEpdcBkEskeYdht irfvehtith @RKRES alsstém fofoviding multiple
receiving area. The system further conprises an object

20 hamafesRf wyging deiprfar ant intonadl epgionted apppiset Hetsielem in¢ledes a
' nﬁg{tu}%@iﬁggﬁkex{n p{att h&%ideg ﬁggt d PP RS éxgpgérgﬁ{gg gomea light

recelvin rea o € Seco I magl ng sy
systuecn lackded inside tHeyobijevt.| Thddightimdgiasdyseneinpludeed sinligaging

device in logical communicatiqn with the Light imagin

oyt PomP IR SO B OR & FTHe AR EEE i eaptice

| N@th RESMS bEfELt VA the objR6H i§ 8 the HYBMEY @dft). Ohe\WdtBm tall® includes
I n anot her aspect’, the” present

obj ect handling system her )
25 | ny sason@ @S eystem eprdigursijte provirderilagmg detasforthefinternal portion

OB L 858 5 Rk P 68 Py o o
1 twhile thegibject Fagilrgesysihg BrcaThe Syisinefirthe hipsess 4h object
poﬂz;n%mage S}?sttearlrg "Eahatc tt}grtlsfég ﬁl%oorbg esét %Qt\?vegrij {.h% %Itlterior cavity of the light

imaging system and the receiving area of the second imaging system. The system

30  additionally includes at least one processing device in logical communication with the

light imaging system, in logical communication with the second imaging system, and
in logical communication with the object handling system.

In another aspect, the present invention relates to an object handling system

for positioning an object in an interior cavity of an imaging chamber included in a



during positioning of the stage by the mani pul ator.
The system al so conprises a nmani pul ator configured to
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“*t'he 'iagi ng chanber and the anbi ent area surroundi ng

t h%ht IedgpingsysRRarTbe systée comptieapoftable BRke ﬂﬁﬂﬁiﬁp‘éﬁ§ th& object
ht seal configured to interface wwth a Iight seal

USRS PREEPRIBE onEle|stage by e MARBTIAGT-Chafepmalie qomprisera
éy?@.‘lgt?f {:cﬁleﬂ%ﬁféélhttg B oVl SorBBRY st%%tb\éﬁ?&ﬁttﬁbemké?fo? Eé\ﬁfy of the

caV| I magl syste
outnspig chivebérmagitingambientxeca soviolieding) ﬂlepmlagmglcharﬁbag’éhe system

thlnthelnterl vity af t [ i.n anmber .
| o oot el corifis e MRV il el e asteror
t GyAlof tﬁ@ﬁh@n@bﬁﬂhﬂi& R prbPide atsabddalIR hgﬁlpt _l%ﬁ 8441 BLtWRBn the
of a light source |ocated inside a sanp e i magi ng

systein eavitpiof Sedighhimasang ﬁ@teahzmttb@ span@ pultaleis ﬂae) ingaging chamber
| B[ B SR Yoebh AeGRIR RefIBURL i SPULINERA; thunber.

lonTa 0 cap
obj ect Twhytl @otlfe:e aspepie e prasennntfdfmmlpbﬂﬁm@fo feiviidgihg sem for
c) a.light seal on a? xgerior wall t he i maqi

g ATRRICSEYORE §§§h@%§ﬁ%@a@ém¢%@§a%e gﬂ}eéaqagmg

g&kmr&n@ygé&s% Mag dﬁg!hgﬁb@ﬂmau&é ah §@bli& atag §> ygaﬁm

upports obj ec a mani pul or configure
noveunt kenfimrediol wsgmag@am@tam enpitiredight g ifiom thawbjegt while the

¢ TR Bl ERe Sl hind O BPGhn B ERRENU S tbRnaging

W dhimbbie THe ith#itth @ 8fenPkls® %Ihﬁli)sle§ a8 bjeer RRdliEOstedineRlding a) a
tointerface wth the light seal on the exterior wall

ofporfl% euSﬁ?@s ithg Serpenp die C&’rh?ft g Gvnanodatey epadighteddp pmpve the
I iyg)Ett%b 9% L befiden 48 191%5’1@?@%1’[&%?’&1&51%%&8 B&tﬁy‘%ta\ﬁd‘?ﬁe &Hﬁent

I'ng system an space o
¢ haedoarronhding thdlmagmgtchmhbels hml\:;@ a Isghtvsdzam assotined w1th the

i nteri r cavit t elma nat her
L bR 8 bl sttt rpao A e dateicsih b febg sqabpn the

O R ¥ %llmﬁtﬁé ﬂaglﬂm%ﬁb&f anld FR&ifa Qﬁisﬁmﬁé?ﬂy ﬁ%ﬂ tlght seal
obj ect. The neth ngrl ses capturing 2

e rhetW@Etﬂl the weriorichyght ofsbelight 1meg1ag xptem gncbl etsp@ceabqtsedﬁ the
&Qﬁa&?&r‘aﬁ%%tﬁe Relit%brl‘g staéI L i R)\;l% 11 ﬁl% nt%%o Iﬁ}l] Ioir”] gle imaging

se<s 8
Htﬂhgmrogr dat a of an internal portl on of t he obj ect

vvhllethe llb1 |S|narece|V|ng area of gcond i

i magi ng® SP?‘H heRFSSER RYFREAR Felatehior @@30 r obtaining

tr t b

it 400 o s e 8

3 Oia%@nmf@d rﬁmarga Hghtsspgice mcafﬁldemdeauhd objebtewhiletht obst isfin the
resent ion.w | n_nore t.ail

bershio Rea A el wlnbiePorREREhdEhe SrPlAts SFithg
| NGt 4R iMletral pdi€ion of the object while the object is in a receiving area

of a second imaging system. The method further comprises transferring the object
between the interior cavity of the light imaging system and the receiving area of the
second imaging system.

These and other features of the present invention will be described in more
detail below in the detailed description of the invention and in conjunction with the

following figures.
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reference nuner al SREFEDESORFTIONCOF GiHENBRIASVENGES | N
which: 5 FIG 1A illustrates a_systemfor ﬁrow di ng

mul ti pl Ehepgeant gpveptienyisibusrated bt\/dvayaqf examplenand nod bls’miy of

B L (T T

pr owhetalsgefer gimmaiaﬂelmagmteamd:innﬂﬁdnance i mgi ng (MRI)

i magi ng t.a Lh accordapce.wth enbqdi nent of the
pr esent F]% ﬁh\}@ﬁﬁr‘?‘t%a Syiﬁ{] fos Rrqvi “ég M@ﬁ%wﬁwﬁm@wm@fdm for
aNari {ABGthdl Hosticht &Tﬁ‘n%?"a% Bchcb QAR ELorR e%nﬂ%d%%yg olp;t]he present

repr esent atl on of a light source |ocated Insi
obj¥ertiqnn accor dance with one embodi ment of the

i nventi ilLustr t|on of
light i ?r]g}g i rr? g ﬁ?l%tgag%sc%s&g%ﬁgfg% anrmhdnigjle %ﬁ &7 fsghe fFErﬁ forgree
t hienggires@ORD)iimuging idata.in kddosdandSwith dn Bmbbditteht G Be present
pers ectlve and side views, respectively, of an

ex¥EPI wal | opposite a side nounted camera in

accor dapge Z\M 1ts ) ﬁ%&%e&m%vaspﬁn nggr%es REmRSRY %ted to %roduce a2-D

i nvention. ustrates IC res
i neig Bgepmn)iatwstf@rhghhscamﬁdomwasﬂ@ ambbjectaneccordance with one

e the present invention. FIG 4
° TRRedHRk SHind

ebngg lornepr esentation of a conputer

t opogr api®y, 28Ghpws vsimeplifidd 1Hﬁﬁﬂf16@6§ﬁg%1ﬁqﬂglﬁ§%1 accordance with
enbodi ment of the present invention. FIG

i | PREssRbodaent o8 dheRyessabigventiog- to a positr on eni ssi on
t onogr apjeys. ﬁd? %1-{%] 2P%EhGMRd &rﬁ)“e&?&edﬁﬁcs?df 1{:_39%?&2)30‘51%1% of an

enmbodi ment e present ent1 on
il ¢><U|smrataélsomns1m gd¢ moanidd camgera yis h@wrdancawith od@aBe®odiment of

5&1 on teannﬁl ment of the present invention. FIG 6B
i | PESTPHEYH8 mani pul ator of FIG 6A positioning a

por t abl BIG Bapestmdshifa r%1&1&\/1%5oﬁa%@cein\{aig"‘xﬂg @QIRH s '[yﬁem in accordance
accordance with one enbodi nent of the preséen

i nWéhenepmbabmen@f thoprhehinvanéasond wal | around the
peri metgs gffllh?stlg?és%’blc?aktr%&%éengatmn of a computer topography (CT)

system in accordance with one embodiment of the present invention.

FIG. 5 illustrates imaging according to a positron emission tomography (PET)
system in accordance with one embodiment of the present invention.

FIG. 6A illustrates an object handling system in accordance with one
embodiment of the present invention.

FIG. 6B illustrates the manipulator of FIG. 6A positioning a portable stage
within an MRI receiving area in accordance with one embodiment of the present
invention.

FIG. 6C shows a second wall around the perimeter of a hole, extending

outwardly and generally perpendicular to wall in accordance with one embodiment of

the present invention.



outwardly and generally perpendicular to wall in
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6A positioning a portable stage within an interior

cavi ty PIG.tdreilkuk@htes theReinTISRGTIRG. OA pblifonifif aipBrtable stage
accordance with one enbodi ment of the present
i nW&hin arntedppavii of thelsghi-imegingichangier of Fight6 Asimaiccdrdance with

ac ?@Q&ﬁ i .t . i ment of the present

[ nélgén I on. té}t@éﬁ%%ﬁg%nsg@gogl' an exenpl ary conputer

syst em FIG. a@citinsteatesen ght-tighneakinfaoctramist with dndeher embodiment of
present invention. FIG 8 illustrates a process flow

f o PETSSHIFGU9H ti pl e node representations of an

obj ect ot | t: :

presont ety ba Aokl TR sy B in Bedrife with one

i neigbedimeyisafdhe present oved@orce wi t h one enbodi nent of

the pre t, .h.nvention. DETAI LED .DESCRI PTI. OF, THE .
PREFERFE BN V0957 ﬁﬂ‘@%‘b‘?‘%ﬂ%@%@% TpQp representations
desfdn ¢ljéo?ih adcotdaBedWRE 61 erBYERMEMT théWERIL® Hivention.

speci fic_enbodiments are set forth in order to provide

a_t hor ofitsh SuHBErssMdilirgowrd iprsingsysien Brccambamss avith e

W éﬂlb&ﬁm%ﬁlmftﬁé] rebéht iR@RGoeKi 11 ed in the art, the

present 1 nvention nay be practiced w thout these

specific details or by using alternate el ements or

Component DAL ERRESRRTRE0N ol BRI ERHopIvEnTs

det ai | ﬁﬁhé‘%‘qlﬂ)@&tin% QethiMIERRS Hohlo¥ ¢ ShEindSRRRL Ruffrous
the present invention. 1. Overview FIG TA illusStrates

a snepisicienthediments wmsgt fooh iperdor teipneyides thopdughmodesstapding of the

i maging. d ¥ i on.of . .an. obj
LIRS0, LA O SR FPEL L B0 T

I nineadticmmaySyspracickd dthoui thes: speditig détail @b yngirsyAtetie
10,. a second inasgiIgg system 8, %n obj ect handling
sy SIPRIARIE OF Brogesses- | B RET isbngesorels pvippTogessesy pprapqnents, and

hagtidnl B a vy 8 %@é@désﬁﬁﬁ’&fiﬁrd%taﬂ@o APh&ChH u&ﬁéce&?@ (?[%s&;]rte aspects of

t
bei ng i maged between an interior cavity of
i nigipmgertysyentioand a receiving area of the second

I mpgi ng m Wiile the present invention will now
| RO NOOSUSLST

escribed wth respect to conbining data

from t WBIG. megillngrassd Smplifisy Sisem 1 fofayovitkbwaatipRhtodes of
than two _systens and the illustrative enbodi nent is

notmaggiats for pn mternahportiemelan ebjecs ysaceprdaresiwithee embodiment
of the present invention. System 1 comprises a light imaging system 10, a second
imaging system 8, an object handling system 6, and at least one processor 2. The
object handling system 6 transfers an object (or sample) being imaged between an
interior cavity of the light imaging system and a receiving area of the second imaging
system. While the present invention will now be primarily described with respect to
combining data from two imaging systems, system 1 may include more than two
systems and the illustrative embodiment is not meant to limit the number of systems
combined.

Light imaging using system 10 involves the capture of low intensity light —

often on the order of about 10> to about 10'° photons/second/centimeter

squared/steradian - from a light-emitting object. The low intensity light may be



Li ght i magi ng using system 10 i nvol ves the capture of

lowintensity light - often on the order of about 103
woeo@mosds1 1010 phot ons/ second/ centi net er PCT/US2004/021204

squared/steradian - froma light-emtting object. The

| owmittetidros fiyy dfl cpfirietypof LipBesoukdes ehifhirothe @Bject Fopexample, the light
variety of |ight sources within the_object. For

ex BTN FRETPYIL oSRRiEase FERFeEdig Y 9%@1& livigeispesimersuch as
ex

o SRS Mo gt ullcuiBaits fr RO ARLERIFRE BUED ARofmolecules
s apd martiguatpoatsont ofacledngrecetudne where aa aptvity eflin@rest may be

po gn.of a living specinmen, where an activity of

3| {a%}ngﬁl ffay be tal ci ngpl ace. Light inaging system 10
emol OySL%hﬁﬁﬁ@ﬁtﬁg dyeteRDIRS 1@ Ja/\&rn‘i’érﬂ'ﬁf@dtéiﬁ%'mﬁ%@}msmnal (2-D)
spatial distribution ofllg emtted fromthe surface

of sp&ﬁaldbft@bvﬂomf Igh gmited deoma fhiesugface of@n|abigiet: Toquedde details of
in I C S
or B 815 55k b 8608 b0 00 SRR 2 operas
c oms stotedtingructioessio donenst othate-diteDBions (3-EHaairasdnitionlof a light

aIi ht. source. | ocate S|deas le. This j.nvol ves

10 2 il PPl Eids S n RS i ufts R oMEr g ielor |igHerisan data
' nin@d H@{t daf ihfdehal &AL Sardple s@Fhoe. PALRBRESHS af ﬁfterﬁﬂ 3-D light
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20 t hat cohieht mazng gystem L and(the sacond anaging system §awnpraduce
rnal rtions. A
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a_tiwewbect. Thendineigiiyg encaanént Sliiht &BadiBy sythi 6 pAddcds@ AD or 3-

wi de variety of %h)fS' ol ogi cal i ssues being tracked or
representatlon of a bioluminescent light source mside a mouse. The bioluminescent

source may correspond to a wide variety of physiological issues being tracked or

30  tested within the mouse, such as progress tracking of a particular cancer within a
mouse. Some imaging applications include analysis of one or more representations of
light emissions from internal portions of a specimen superimposed on a spatial
representation of the specimen. The luminescence representation indicates portions of

a specimen where an activity of interest may be taking place. Some imaging systems 8
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2. Light Imaging System

FIG. 2A illustrates an imaging system 10 adapted to produce a 2-D or 3-D
representation of a light source located inside a sample in accordance with one

embodiment of the present invention. Imaging system 10 may be used for a variety of
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conbi ne spatial data fromsystem8 with |ight imaging

_wdav@/hssm syst em 10. 2. Light | nmagi ng System PCGUS2084/021204

10

15

20

25

30

illustrates an i magi ng system 10 adapted to produce a
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approteriphiglugenesceddennagesdh desoripakintl&S. Patent No. 5,650,135 issued

phot ogr aphi ¢/ 1 um nes i ma sisggﬁs i bed in U S
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i ncl udes additional exanples of analysis applications

for a dieferag toVE# 2y, systage 0 imegesrandipgodesser @ irdeysity light

SYL % i!lgné %%ﬁ?seﬁéiﬂvé’ LQG&3 §SSL1lgl%V¥rcl>nr1] ttheenl%glhtt Xodr}:eglna%ers to photons
and electromagnetic energy anywhere in the visible to near-infrared (NIR) part of the
spectrum in the wavelength range of 400-950 nm. It is understood that some
intensities imaged and processed in system 10 are not readily detectable by human
vision. For example, low intensity light emitted from a sample may have a surface
radiance between about 10 to about 10'° photons/second/centimeter

squared/steradian. The lower end of this range is typically well below human

detection levels.



sources using a light sensitive canera 20. Light from
the light source refers to photons and el ectromagnetic
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co onent s % as random access nenory (RAM and read
H%F%‘?S’P F‘R&Wla ¢ 6361@QHWPWW%W9¢QI%PW@ 23.is integrated

h%gllq[éﬁﬁ P, AL tc.). Conputer 28 al s0

i ncl udes1 agléllgsl?gugy 38 anéﬁg{ﬁgﬁlt? devi ces such as a

K ey boar®o mvmdsommﬂwdztﬁnmﬁmmatmm for28mipsnénts in system 10,
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|n a single unit rovi de control and conmuni cdti on
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canera.20, the 1n&)tors responsi ble for canera 20 focus,

t HESSPAHRY Imiedrpiniqrmefion (o 1R uss andalse apis eB inferéasa i sentrcd the

alﬁﬁ\gﬁ@@welﬁtl@ge (not shown) included in chanber 12,
etc. Conputer 28 also communicates with a display 38
for prdsEPpyipiRs inslydersuitalo pmmsmg hamdwetre ané eoftveard for image

alp?@ce@ﬁhg aftddtd {’n%{pﬁfa%oﬁ 9s G eci hereln For example, computer 28 may
be configured with software to build a 3-D representation of a light source using light

emission measurements from the surface of a sample. In addition, computer 28 may
be configured to produce 3-D surface topography using 2-D structured light images
taken from one or more positions of the stage in the interior cavity of chamber 12.

In one embodiment, 3-D light reconstruction techniques require
bioluminescent surface radiance and surface topography measurements over the entire

sample surface. In this case, imaging system 10 includes instructions and mechanisms

10



I magi ng system 10. Conputer 28 includes suitable
processi ng hardware and software for inmage processing

wandsdaszailmani pul ati on as descri bed herei n. FOPCT/US2004/021204
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exanpl e, conmputer 28 may be configured with software
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received. Wien not In use, a cap (not shown) may cover

hot eoremonpding derlimagipg Iﬂimgmnpﬂfr Grerdngsdi3 ang Hralsordllopv inner collar

95 and stage 609 to maintain a constant angle relative to exterior wall 103 while it

orbits datum 102. In one embodiment, stage 609 remains horizontal while orbiting

datum 102. Bearings 93 and 94 also allow stage 609 to maintain a constant angle

relative to the base of a robotic manipulator 502 interfacing with the inner collar 95.
In one embodiment, object handling system 6 is configured to move a portable

stage 609 within interior cavity 44. As shown in FIG. 1B, object handling system 6

11
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Ry &S, stage 609 ttlgln ipterior cavity 1{4 relative to
oK UGS B PRRERHIZQ Th0RS dhfiegeny isiss nleowpichipasitispapitir imaging
28hamiber | G- wAf ey oQt e .19

o Rb SN ForlRASthk .p@ﬁg&%{tﬁﬂ)b&%& gg?ﬁﬁsrtagaxg agale

convert user input of a desired |ocati
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b b BB R AR e Moo b s o0 e o5 Giin 3-D
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available robotic manipulators 502 offer an end-effector positioning schemes suitable
for positioning stage 609. One common scheme employs circular roll, pitch and yaw
joints that allow upstream joints in the manipulator to achieve redundant positioning
of stage 609. One or more upstream joints in manipulator 502 may be configured to

move stage 609 in and out of chamber 12. A seal between chamber 12 and
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notors 95 control the orbital position of stage about
fi xed datum 102. Moveabl e stage 609 allows a |ight

wOreg®osdsit he object, or portions thereof, to BeT/US2004/021204

10

15

20

25

30

captured by canera 20 fromdifferent views, angles,

anghl@ahtol 9®Lseffécft1k}é15} séaﬂ@ﬁgﬂi%&ﬁ‘ ﬁfé@?{fen%groon‘l‘ﬁbﬁ%ﬁenng into
repositioning osture of the object 302. Imaging a

s @hpmlbelf lr2owh¢nﬁt{tg 08 IS/Wethm q@ambmdbzs(FéGdé@) onal

i nfor | on t erna

sour ce VaPulR sof FigR b Bufe s B Pl P Bl
beubsadidlg pegradicalantiodnl ahehengidrauathiedno aR apdtfeamt @HeTD6 of
in softvvare on conputer 28, .thereby provi dlﬁ()gﬁa nor e

adeayipilaton597. Haph Haea ta%tpatehh%efaﬂe/rp@s@ep%mge 1 gl pethegonal
5

o Bl EoPRRuBE AN holtboflr plorides VirtiAl bitontle for stage
aro08 rwhikf f secorot lnpaas acttuarmm prgVJ.dcﬂnlmrezsntaUpdmtﬂmg‘ for the stage. The

e R Payior S A S P AT ST RSP oGP0 an upstrearn arm
u Fb?‘bﬁﬁﬂﬂ‘ﬂlﬁhﬁlﬂ@tof 502 4R AFHiERaBle of Qerdiehll 18¥8r translation. The
redundant positioning of stage 609. One or nore

u pseanddinepioaatitaton 298 gy heuE atelptivlpstaignapepartam a@@h@@to the first

! QinllBY £t A% %%Eﬁ h leQHhP&{ Eggg&& ftrfllﬁsl i ythlrd linear

tWeen ¢ n| pu
s ezatu&tdr ingayt aléorl_mnsedh e) teatistate stsger @Orpafallemoetht ground anditoomove

chanmber 1 n st 09 is, within chanbher 12 (F

6 A8 MR AR a'i% Shargbet frough holkad S Wrﬁﬁﬁﬁﬁ P’%eegi hifase:
acicHRtR sRitay1é Fd?fﬁl@é’uﬁrﬁﬁﬁfnﬁ%t 802 ¥ RS @)%dh%c%y TRoR&
anot her and attached to an upstream arm 506 of

”dndlﬂﬁm@t@r%ﬂo\ﬁas}mm,l}im‘e‘é{prkact uator |i nearl y
posi t i 18 hogs (i
| nst angéqe};‘S te%n | °s d%?I r?(sé%r BSI?orcoﬁlF 83#05%&‘%6 8&? W&tﬁnlmemf

pasivity Qi Mgrefs@émﬁba&@@a 06, vibcbrapwesEs; dmhitd driRaRmore positions for
act uat or provides horizontal posjitiagnin

f th
stsiape 60 iong;a ybstpntindly cirgeler pady pb %éXﬁ%gatw%:@Za&tmgively, the
ERPERORE LRI hEC TR A Rl SRR T2
I i Sufavare nmhsled in wnpuThe?@hmmeertmﬂfa vierahg angle ir2Q 8omteny} signals
F i Ceiatiee b ot RLioBie i By BSgor MilSss

h qw&@é& il eatlh BERE abtia0fs fof mafiputdriFoR dedeiveerd catfloV sibR4als
may al so be used to trans]ate stage 609 parallel to

t HEoded, Ay carppute? 1andeositian stage 68 accgcﬁmgiy Mpripplator $92 and
t magﬂglgnﬂﬁln? ggﬂlaté;]or u nsluﬁg %Bﬁtl?ﬁ'?&s!)%lgggélgal acommumcatlon

act ua r Sul I N nmani pu al or

LGviBi3a prazdssoe domyuté'ﬂ‘llﬁmdmcﬂlnathmmoﬁsfeeﬁﬂoacﬂomd control of stage 609.
Washi nqgt. New Yor k | ncl ude cl osed. | 00

oot e mee S s T8 U TR AT S e e Reg T g Sy opyare

44,y alYhs18 HRREREhdgeR UoYpor@adﬁScﬁTAlaMb@a m@&m 128ht ith A3 Systems
one or nore positions for stage 609 al ong

s uivsteblatioruseyvith the pregent paventiemangtdesdribed nd@ammmll@@wned pending
A oY Bgttehtv gﬁﬁﬁlcaﬁ&? number 09/905,668 entitled “Multi-View Imaging

Apparatus”, listing D. Nilson et al. as inventors and filed on July 13, 2001. 3-D
imaging systems suitable for use with the present invention are further described in
commonly owned pending U.S. Patent Application number 10/606,976 entitled
“Method and Apparatus for 3-D Imaging of Internal Light Source”, listing D. Stearns
et al. and filed on June 25, 2003.
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user may provide a view ng angle for stage 609
relative to a fixed datum 102. Software included in

woaoFwness1 28 t hen converts the view ng angl e i RCD/US2004/021204
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control signals for noving stage 609 fromits current
position to the desired position. Mtors included in
each of the actuators for mani pul ator 502 receive the
cént r olSesouflany knaping,Systansry conmput er 28 and position

stage 509cEasl el v, MO0KPH. 0o 502 NS AGR QUce

i n mani pul a Ion S nsor In

| dgiagiak (mmtmtm@m Whishatas wmgﬁamesommmumgmg&l\m system
facilitate p05|t|onfe§ ack a control of. Sh\%ﬁﬁ

Li3gRdn peregiange 8918 0arempadigient alihe Present dentipy gystem 300
Prigsedlly doﬁ’ﬁﬁﬁéé M%&Mﬁl’e%@ﬁﬂaﬁd b 1@£§‘t gﬁé‘?ﬁ@&;sor (such as a
Corpor atl on of Al anmeda, CA. Sever al i magi ng

s\psoeEssor snfledadlie computas2S ﬁrpmrFIGh%Abme@glml cpnmmmcxabﬂn with the

S eSO 215 SR LA S PP . v

| M@ icBafi ARREdE bhkd Somé mBHELS theRdeNpbigess &ttha@bylindfical sides. As
i nventors and filed on Jul 3£913 2001. 3-Dimm

;ﬁh@@ﬁsM& maghing 30bincludes girpHzanid %bté@rémﬂty %Qfgpﬁsslaa through a

S 8T 5L ORI PETELOB kg o

a MRAmahmt 381 foothe Badh ﬂama@@% Jubtilat cevey ﬁﬁB id dlgrhtommonly referred

ggg rag 0%(—': gét@e%}f‘rg 3%? tear n?cttl 36%&1?%%%F regﬁsg)noansté]g%%elo that is

€ "fﬁ&%dﬂﬁﬁttubﬁlbhecﬁﬁy 9037I (DH]&@ hﬁ]ﬁhlﬁ%?s&ﬁ&iﬂ poditionsg Bt@gé %10 and
resonance i magi ng ( MR System |lustrates a

meddpist P8 rnetslbwlah@@tvﬁﬁ i T tmmﬁ@y@t@ﬁm@fomed determines

a t
SR U A S PSP s g v B
neatol the nd@ietod tinty drepsditioned. Pnachs soipl¢ potionas bascanned is in

processor included.jn co 8 from Fl
dltB? P%ﬂteramﬂ&ﬁl?temﬁb r%ctff%éd rgagpﬁrﬁoé%&iﬁ%@mgscan begin.

of MR Gxsherhi3E8o1 MaY HBRIY Mpadl 30R¥oMESul @Sftés¥a9t0 about
shape, and configuration, and sone nodel s incl ude

opErhissk, at attae 5 000 tmahout &0, @)ngss Ablrghr@dm WaVRpulses of energy

hi .
st PR etsg Rt ar i 0 R ee bl SR bl g o
I Yiscdelin@UBfoupR gRabmaR4s BddgPotnt by @bint ftagldingQip 01- DNR|3-D map

machi ne 301 to the bhack face 309. Tubul ar cavity 303
i ofdisses peRRvRIcpily beiag peaned AmROpgFEOIToNSIGSTIGH gfTamunication

3
R e el S S S S s
syisstertionpsintegrsths tseageed iiforaration kpé cteatd@8D iimagesiou 36D
caV| %7303' The type of exam bei ng perforned

nes whet her a mammal i an sanpl e 308 goes in head

f I r st ONIR{ 8§dterh 306 brovides Waligh el b@wpdtal nif(ﬁhﬁtlbﬂ €elative to other
magnet 304 they are positioned. Once the sanple

poftigte medabisies nArdemopel greduced by MRI system 300 may be used to assist
3-D light reconstruction, e.g., to produce a surface representation useful for

converting surface light emission data to light representations internal to object 308.
A processor may also combine 2-D or 3-D spatial information provided by MRI
system 300 with 3-D functional information provided by light imaging system 10.
Coupled with the ability to track a biological entity of interest using the

bioluminescence techniques described above, MRI system 300 and light imaging
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the center or isocenter of the magnetic field for

magnet 304, MRl scanning can begin. MR machi ne 301

worysaopdsoy a nmagnet 304 from about 0.5-tesla POTAS200/021204
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60.0-tesla, or about 5,000 to about 600,000 gauss.
U%X@@mr AR WRNS QIS8 S prEBeEin M@&laﬁgﬁapéﬁtw@wgh a

machi ne 301 scans the object an ortions
i n@ﬁd@llaayntpmbp@ﬂpn 9f & batoplgRO8 Wethsaawpme“lssurtaokirpw;hh fitelity and

by _poi nt L up_a.2-0 or 3-D. ma tjssye .t

o PREAR! 1 3mSRt R iR R B il i P
c QIOEMIdNnGADI [{pht Wath Feli@htd Bepsifilc HRE@hMEStHbRrd STABetC308. For
out put _and operat es on stored software instructions to

i rEEIPl thamhiysiselsiaeed ajtwmney Ybinginammaliansamplo 398 may be
' "G ﬁec?froﬁ)’l m%n? 300Eld %S kﬁ;ﬁg%oa%cﬁraf&}; gﬁér}s@ﬁuﬁﬂa %Pnh ht

| eve spatial” Infornmation relative to ot
noohaksion Eem tAe Bardprnpyoatiedbyolght édagiyg MRiens §6t em 300 may

or oducePepeafiannd e e FERERuT W1 Bl apD thgre may

s Wdf fef6ud ﬂngﬁlhceliﬂlﬁﬁioﬂﬁ aﬁ@&@teﬂ Qith IR s§<@dh ﬁ§a%@t Btth@ Rise, stage
internal to obﬁ{ ect . A processor é al sO combi ne

2-330gnaybaxleye ¢faﬁny|f¢rmsmmtalbﬁ paito idyy nmgnets%%t-@mh asa

sqgsig\éi\;e%a%é mwg?ﬁa%oﬂﬁ Uldeglgﬁ)/gﬁg*lﬁ gr{)?\ﬁ!e gﬁlgt ok%?l ag1p1e

i magr ng syst e ed W tyto
bl tﬁirxsfﬂr C@dhe mlsygtemfsulrtzﬂlﬂ@foe site with 0g grbeent invention is the Bruker

m nescence techni des bed above, MRl system

H%c ‘T"a&ﬁl{’l ?’ﬁ"ﬂbﬁ g;é’loéﬁﬁnﬂf leigg Mésear chers to
rmp Pr Ogr88SkePmBddifeRt MeQBidndlimBBink kYstdd? @qygaoxﬂputer
particular internal portion of a sample

prtewiogtaphy innzging (@W)@F@f Bigailar toy MRIdnachirieci®Oea Cllrsystam offers a

Iagﬁl%l'% gea f[ gnsagtéﬁ Hnaoﬂo%f }%F‘ua e efcroo 112{%@21}/{51@ gc])na?mfonnatlon

Spﬁﬁlleétb@bﬁlﬂightqmagﬁig sﬁﬁtémqt)ure of SUbJ ect 308. For
exanpl e he physical size of a tunor within a

t
mammal | HF- 4diptietesodlemkyepraseatrtion oéa comphienRPoSHRER(RT)
I
SRRV e R A PRSI BB

s ye0eroni@iseDepXrrdy 0§ Docantdie 60 gnebject Handling sitstean6d4) an array of

PRirePrb SL BB bt o RS orby OB hindls SRich b Lposidons

C agifobj &dt 896 redfil BRY Pertaiagy Qtlage 609 ﬁrhyreé&ﬁhg e RBSAhh X-rays
parts. In addition, magnet 304 - such as a resistive

a@,@aedrﬁr@ﬁwcpr@tnerm@mstwgbﬂhe el aetrod 0- Thea¥-rhyes aséithen
Ofgecg%d l\%‘g%h% %{Iﬁllo?oc'ilg S & nsr?l;ibnevag%? GNBI Pr%g %orrggg L&k%%?ll €
BI mﬁﬁﬂmlaaitea Wwith Iea&:hfdf@]msBﬂeI\heafs aﬁdwﬁm 1ﬁstﬁfct18nd fr@rhlsﬁﬁed software

MO%.O hi t her en‘oo%g & t he second .i.magi n stem 8

| o £OR AN EY OB By CPRAEIF (ZeRySi LG HEle 6] Grapafo process

t Odaw&olr%aib@%hé’»&%m@c@x%sﬁ@%ﬁ&i &6 a

CT system 600 yields a series of X-ray-based cross-sectional images of solid

objects. X-ray intensity profile measurements are typically processed using
reconstruction algorithms that produce an image representing a two-dimensional slice,
or plane, through the material or portion scanned with X-rays. Each point of the slice
corresponds to the material density. Processor 608 reconstructs a high-resolution
image and details in the order of 1-10 pm can be detected with microfocus computer

tomography and industrial microCT scanners, yielding volume element resolutions in
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hi gh [ evel of spatial information, which may be
conbi ned wth functional information collected by

woigistoosasagi ng system 10. FIG 4 illustrates arolrmwskoo4/021204
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representation of a conmputer topography (CT) system

6 OtheinficREEAErGAMRECW sbihnieis PARR AR MR to'r &%{B?eggﬂeta?gwmical

inyention. CT system 600 conprises an X-ray
60Eatuges anEjperions ghlivinggné pen-dmingGampkes. array of

m cr of o - S 606 nd. pr sor. 608. | ect

nandl 1 g e pa 00 sl B e B 33 et e oy cate
a Qongealtive csosagectin@l inmgas il sdcRed & Bn 3BCD 1B of a portion
X-rays 11ted from CCD. canera 602 pass through the
b Sl SRt 802 Pass, Loy e ot
M i Rf BOHSthE 3P Ymhstfit L Eﬂsﬁ%ﬁct@gﬁ in géﬁfﬁé o %@%}%lggedatﬁ) Jind part

digitally communi cates wth each ese devi
r ubfmidprigsrand ccrestascoiwiter suastelscind oéresenativos aftht etire sample 610

X- hSSI from a a 602, i t.ion sampl e

o117 Perh YR o it SREFrdariay sulf i bt o eigesent
X-inagntiontie teVikyo GAB as @dvetapst O 08 cMére hiSaleR {3 NeSioRl Lab
X-ray- bai_ed cross-sectional imges of solid objects.

X

-nataged frile UyS. hepartment al fogreari{ E-Battelle, ypiCeal | y
rocesseh:usi t ' ' rqduce ..
T g il I WIRTSGAAR SO Qbdth 808 blehRs b AR Lo patia

pl iaftematibn thatyborplenerds Smbéénad infpmration pratuastieliyittifaging
X-rays. C oi nt. of . the sljice corresponds to the
AR A R0 Risnise iy CaGas T 3 sedto assist 3-D light
hirgborsaaction £.21 to pPREGcANHa8EEAhtctnd] RepkdientfisiR useful & 10

mm can be detected with m crofocus conputer tonography
arf®nVeidas syifape lightersistios dath e defailag leght repgesenthtions external or

[ ' ' ' t . . .
CHSER o B0 ALY SRR 20 o sarion
armabuided by Clegbtame@0avith POY ¢ BDSundtionaMnRgmansh provided by light
nan-1iving s %ﬁ% ﬁr%s em 600 also permts ) '
ad&{ﬁlﬁgﬁgtsp’ %ﬁmgzp hig)ah t3_0 _ Fign Q518 Psefpce Bigh-resolution spatial
Canfffib for 6h DREMIBSIHANG sal FFRISR) i%?kg&@i 8&5’%@5&9@ hh detail

forma 3-D image of ‘a portion of sa canni
t Haolupyngseent grrgu@re&mt light soureesaorf aipduraeadistribtions irisidegeliving

t i t he .3- D.i mage dat instructions in

S %Tn?ﬁ i %eﬂbjg gth Fglre&eymﬁf Itljeo 3t/herae'fi %n?’?wag@}ﬁ%{t 93 tierar| te mepse 610
C meayt lec waithed with GU0l efrsct@@bink@RIa66€ BérRE4tansy Off s%lﬁ@m 600 to
entire sapple 610 or particul ar portions of interest.
O%o%gpegyggaélﬁﬁl Blsturg pf iolagical jaciivijty of am Héerpleosgam. This combination
| ¢ PAtia@nd funkh i RALGher s
Dl R Rk W o Tl B h ARESlo, fEARTS GREAE
Dépwarchegineskpiesdoiesaych,inBaxiceldgy, for baih sBhyshbeimdetg and
I\/er%ﬁs%sé?oe@r%go, CT system 600 provides a high

r &S UTON SR al i nformation that conpl i ments

funct i onadlear FeafcifliBingsOauEe 8 o rbdedfhers TRY A%

system 10. A 3- D nodel glgfegguced Ey_ Cr:T sys?g%?%%rgg%%%/ be
uPEPLfIgNgLs anathergmaging grade to look inside an object such as a mammalian

body. Nuclear imaging systems employ radioactive substances that emit radioactive

particles having known properties, and one or more sensors that detect the radioactive
substances and their emissions. Conventional nuclear medicine imaging systems
include: positron emission tomography (PET) systems, single photon emission
computed tomography (SPECT) systems, cardiovascular imaging systems, and bone

scanning systems. These systems use different properties of radioactive elements to
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reconstruction, e.g., to produce surface or internal
representations useful for converting surface |ight

wem@mnssidata to detailed |ight representati ORET/US2004/021204
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external or internal to the object. A processor may

c o¢rbiate @n 2mbreo Nudlel: Spditinglimhsih ot ' i: CT
syst 9%600. With 2-D or 3- [l)mf%in%tsﬁgﬁgl?@r% %}é{rlrlg%eﬁlgﬁ&s’ aneurysms,
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CTingy. : igh-resol utjon spatial .
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i somvesfantl afrplifeiat @ESIoRSt o EBRESH si eﬁé‘.fﬂlsegé‘seleét{iéﬁ gf%.%fs are then

or inadiquate bl ood flow to various tissues;,
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Si4 nar unction deficiencies.
A onABuRdl SRSl GRE b sl spRAls e ogmmaiiptie

of "t hese” nucl ear “ne

atubes 428t Stege HORG then syseEmdichhnd tusmapieic&%ﬁlg%réa[;&)s and the

sllgr%hlsg!i and/ o fu&ctl.onal _information produced by

| VGRES 1ASE e LSPulimmin @ serssrof dxin sliscamalger of dbjepht10 over an

| itveeghd] Porfdeh JTHEbRAY (c bR SnldiBaiRY det ect tunor

in. on_c%l(,)ogy appl i gtzra(te :gg%g&hﬂél%geﬁgﬂ{epr Egaﬁrgf%sgoﬁ HEGRHES these

JBHLTIgE Hyages info pRireslimensidnal mprsemaingeoMhd toRa portion. PET
' resent invention_ A PET system

o A ey w8 rut BEpRERTE farghs SEhioaT Paiangathen bioebtmicty

deneixisndppeatih gtipanthe Betof thdlsam thadk ARG
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Single Photon Emission Computed Tomography (SPECT) is a technique
similar to PET, but the radioactive substances used in SPECT (Xenon-133,
Technetium-99, Iodine-123) have longer decay times than those used in PET, and
emit single instead of double gamma rays. A SPECT system is well suited to provide

information about blood flow and the distribution of radioactive substances in the
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radi oacti ve atom such as Carbon-11, Fluorine-18,
Oxygen-15, or Nitrogen- 13, that has a short decay

woOioBs/005381a PET scan, the object is injected WeCH/U82004/021204
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radi oacti ve substance and placed on a flat stage 402
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v %5\%? Z}gﬁﬁﬂ?@e%gmﬁn Q%%yquéﬁ t}ﬂagéo%ng’ GJ%{’ eﬁgﬂracté ﬁ)&he restolu‘uon of

) t ec
PEﬂhagb dhtat ]m&)n‘e&dibodﬁmm q)rshdﬁlnagmaates aﬂdi rdcmvmd waves using
( Xenon- 133, echnetl umfé) %I ne-123) have | onger
d aRisgPel oSS Tt i e amplfs BepDP §OPEPY CagmeReor §1?°H§ pystal

na&ﬁg&t s Ofnd SO HRI 1S RISAR AT F¥Bes, EncBREfstal LiEMdSitd\&hh 01rcu1t

suite o provid i nformati on about” bl ood fiow and t he
di Muttlmmlemnmmb%soﬁwadﬂpm dmmnmb@m to bet $tedvedi\hy dhasging

t WA R e Ra et s O Bfion B Bt Rh 02 i g be

t haBvel ddedss Syesduefive S AaH1d 610 borh &BHLBYS Y Srf idériich through an
relativel |nex ensi ve, a conhi ned SPECT system 8 and

| i eningfigrmpley e 15 tuR.fespRhagus) doeeisdesehin an erggeeng
! né&hﬁﬁ’e g;gﬂ@%étgglmglstaﬁﬁﬂzer enbodi nent, the second
m

i magi ng s nmprises an ultrasound imagi ng
syst em Pieb€3sorB04 sendd elattecl amrerts togsobm&D2 ﬁmlgier@’mme sound

system 800 in accor.dance with one.enbodi t he .
R RTiobh AR froiges et RS Rt Wb et Sigated using
Pr @bectBReng SIhBESL PEREssBPE04 HlARReLMB distincd %m PBBPRM to the

808 and di sgl ay 810. U trasound system 800 transnits

hi xghleeti esorwugdarics (¢.8-, 8 tipmgak eran) using the speed of sound in
tissue (5,005 ft/s or1,540 m/s) and the time of the each echo's return (usually on the

order of millionths of a second). Processor 804 may then display the distances and
intensities of echoes on display 810, forming a two dimensional image. Processor 804
may also be included in a computer system that contains electrical power supplies for
probe 802, including any amplifiers and signal processing electronics. Processor 804

may also store the processed data and/or image in memory 808.
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sound pul ses in sanple 610 using probe 802. Probe 802

generates sound waves that travel through sanple 610
wandswoszsa boundary between tissues (e.g. betweemuShositd21204
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b ebffigr BRTI3HO @pdttal gmagetshttinto GhaBhicad b@IBIKRIological structures

Processor 804 sends electrical currents to probe 802

t h Wiy £ %-_Or FHGERNss By dIteRy @ uasrinay aew and prplyzeaeyliipks arbitrary
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o e i pehey Bl B R ik 48 ol i S gtume
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@@’O SHroLgERe Fiteisolise 0? 0589, CAnda ﬁtr@%ldrﬁygt)emaﬁao are
t hﬁsd tenmively ihbigeBaAGH Rolbifed Bliolind H#eibahd é&sf%ﬁl gdbeand light
order of mllionths of a second). Processor
t hispreinsrEy 1hidugpFers adew casianiliimeorsi 1maemg@itematmes
on display 810, form ng a two di nensi onal i nage.
Processor 804 may al so be included in a conputer
20 syétem Ohmbtldmmmgﬁs'steinect rical power suppl i es for
probe 8 cl ugbng any anplifiers and sig
process A% Sstenppgresstlp pbigeiso ﬂ?ﬁymageédoeé\t@péhe light
t hgy
cont rols 8 sééﬁkﬂﬁﬁﬁs%ﬁﬁﬁp@?ﬁg“ R Ao 06 o
dubanditog system [0 gmp@rdpmesre@ ey armlmdhmemmftheansmtmwenuon

PO B S L R RRS Sty o o
g
data pr §5iea 69“%)?%%@'5%@( cmsgwﬁ@pylasmé’ Ofapd p pettelde stage
a ﬂl(ﬁ&%tzﬁ:ﬁl%lggs?ggde’ {Soclgnlgfhﬁ'égr 708 %Mgul%@ 76@@@&‘3’&% @gﬁable stage

the acquire i nstructi on
dat ) megliglsiimiaging apderd 702 and BreBedomdgmagiag eyssém T06,i M. may also

provide precise positioning and orientation of portable stage 710 within the imaging

30  orreceiving areas of each system. As described above, each imaging system 8
comprises a receiving area that receives object 701, which may also correspond to or
comprise the area in which the object is imaged, such as the tubular cavity 303 of an
MRI machine. In this case, handling system 700 positions object 701 into the tubular
cavity 303 and sets position of stage 710 and object 701 for MRI imaging.
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U trasound system 800 may produce 3-D spati al
information. In this case, several 2-D inmages are

waemqsinss1 by novi ng probe 802 across a surfaceprof/us2004/021204
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B MR DY Bl R B R ARl e R SR o

7Gfrecigddylp SgatyorbdiRior¥nOpdEid 1 gutgRi Ae. posi tioning and
orlentatlon of portable stage 710 within_the imging

or rec e@bﬂpﬁdwaiﬂ@sgssyeéqemewﬁn@y@fcébﬁ repRONgifor Béf‘&lsﬁ E’@V@Oﬂlﬂg of
feck 7B mst}aéhﬁ%& c‘awegﬁsinﬁﬁga cﬁ%ﬁér\#lag)r%g&‘tﬁglt %}:?a%mg

rec i ves obj ect SO correspon
c aypteins F1GheB dﬂlEHates thdmmhpmlhﬂer ofbFEt 6 A stnmmg@:the portdble stage
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and object 701 for i ng. Mani pul at or 708 ma%%
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Toverer o Bk RN Sl AITLE APl BOTAPRFor ink of

st age ing s

Fanamp]alamr 808, sapportl obfen el duralg po@bmhmg byanmﬁpuﬂhmr emzs Stage
vi de 5-and._6- degree Q freedo

o %Oafsﬁés $Fralye BAgie mesorrpaﬁal? 5% E%éaﬁuppowgabwct 701.

t O R ¥nbe@inkSht, tﬁ!‘@aﬂ@@éﬁe‘ﬂoﬁﬁﬁbd&wo@]é&f 7@1Uinteaah ﬁn{%ﬁage?ystem

use with object handii ng system 700 1s the Denso
VMnaviring iasster eatwBimutke im@jingSsyistemst Bpitdbde stege 7 Anay comprise a

specialized robotic end effector designed for multiple imaging system usage. Object

701 rests on portable stage 710 and is positioned by object handling system 700 -
without substantially moving between imaging systems. Accordingly, object handling
system 700 may insert and position stage 710 in interior cavity 720 of imaging
chamber 712, remove stage 710 from the interior cavity 720, transfer stage 710 to

receiving area 704 of second imaging chamber 706, and position stage 710 within
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When the second i maging system 706 is an MRl inmagi ng
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woroEpeess] nmani pul ator 708 may al so i ncl ude track/Ug1604/021204

10

15

20

25

30

to allow for gross novenent between roons. An

auksoBRlrRhrid ALK DL ARO ARl oA e 1SRRG, LA ad 4

and attaches to the bottomo
natdvigolageqs fO8ainfiniog therpositibadecdibey @mpvided byveach imaging

mapj or. 708 to ve |l a di stances such as those
us@é%&t\/\%gﬁl a#%%‘h%‘;legg“ﬁ%}a B’)a{e b ipaanaliagsampls 74l A stage 710

r edengivies 4 Qibstahgallyl th&fsparehktandshitdi1Obr Wire B Ahing 1
(or any other fi rsty.or ase link in ra rrgboﬁgsa%ghnsp%%%nrglme)

coftPpeited/pya Bermstallippasipsterde setnbs not te hffees imiwsgin MRI system
e PSR LR R e oo

mani pul ator 7 the £ I'nterface 716.
Col | ect Ty Elcyljtategosipiohz becuray8nd odjett @edtentitl HtO¥indBe two

et SRefs ol s oY Sombas adishkmETpeseabine o position
St &g&tablby 227 1ipht inﬁ@ﬁ“ﬁ dy@lgmsmrﬂ S%Q&}%lje?ér?&9 gl%fing a position

responsi bl e for precise positioning o ec
wi defigciablaby ¢ pecend snaging systenns. inmgng gegsradivgier Filldcial tools are

anot ' ' | G 6B il rates the

oosbi ) BRALRE Senb e B T B oud magie mared
wi with iteran tHéRincraasedatéatabikitydor dach @ﬁ@giiﬁ% Sy3€in WHalisOME marks are
enbodi theggresent i nvention, hi this case,

ment of ntion
na%?ﬂlgavfga 5 Borppiicaik dripeimale ang distingrshablsdrara Biecobiechgel under
716staR | ' ' ' ent r.al
e G R R L ek ks Ca e e T
whpedtionondgeortableastigy 7¢0 arlseilaliloat ipoditistal eeferende fof hght Ohaging
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safe ® Ay

XY WPBSIRg SYSs ey refetentha pesitioiingpégimving a
S [ . t n i. i n .
SRRSO e SRS SR 10 Ru O hrife 2
r chdtodimendhe téferchar padiinglerdtablrbyrté tigug: ifapifB@yAem 10 and the
system usage. ' 701 rests on portable stage 710
o e R R Th e Bb fectoond iarahg sugum Srnsiages.he same
Wigobieidh ondkgk @i al |y moving between imaging systemns.
Accordingly, object handling system 700 may insert and
posi t i dPbIedtagedlmerystami 1904y alse wel wirited 1B POsitibn ohjegli 70J in the

c ] . st age 710 0 he in [ cavity
TR cak b o MR TRN S B S IO Rl 156 8y oo
s @édnd charsisgr 132 divandes & hdRE42and ppasitd dtaR B0ABEs? 1o interior
Wi hiFr%% jxi%%%area 704 - all wthout disturbing '
oﬁ}iﬁr{:‘ c17Y. Atght imaging chamber 402 may b eenfigyend sacl that the interior

! o ] - i . ach
el PrY B Sulohihany LEARIAL nRHE ke BUOHIERY (B 702. To

massrredate thedight gt requirsnegts uBddincoligit iraging ystem, the object

S td r ar ent h le.or, Wire arra

( gﬁg@ﬂﬂ%ss'y%ﬂs%yz Otr(])gﬁél?sc ﬁlg ging cﬁfﬂsbergag, or bo{h, may include s%ecialized
adaptations such as light seals and other parts that maintain low light levels employed

in imaging chamber 702. In one embodiment, the object handling system 700 and
imaging chamber 702 comprise a complementary circular light seal configured to
provide a substantially light tight barrier between interior cavity 720 of imaging
chamber 712 and the space outside chamber 712 while portable stage 710 is within
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supported by a non-netallic perineter is suitable not
to affect imaging in MRl system 300. In addition, the
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[ ma%l ng system 8 includes the sane position on stage

7 KpimepjcapitireimaeH 7Hg system 700 is also well suited to
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when 1 nagi ng s%/stem 10 is not in use. Wthout the

pl ug, hdVlanipulaios 78 Femsprisear fianhivel 7643 sdewals 76@and a second
I nLgf Eéﬁne‘f@%é.% B rear wall 770 attaches to an inner surface of collar 764

included manipulator 708 to facilitate light sealing with the light imaging chamber. In

a specific embodiment, manipulator 708 collar wall 770 has a wall section 771 that
extends perimetrically around hole 742 when manipulator 708 positions portable
stage 710 within interior cavity 720. In another embodiment, the wall section 771

extends toward the body front wall 748 at an orientation engaging a fourth side
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FIG 6C shows a light seal 761 established when
mani pul ator 708 positions portable stage 710 within
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section
perimetrically outside and generally parallel to the channel walls 78 and 79 and the

interengaging front wall 50. Manipulator 708 further includes a second wall segment
68 extending from side wall 66, and oriented substantially adjacent to the front wall
48 when manipulator 708 inserts stage 310 in cavity 44. As shown, the second wall

segment 68 extends in the inward direction toward interengaging front wall 50 and the
channel walls 78 and 79.

23



extends toward the body front wall 748 at an
orientation engaging a fourth sideportion 763d of the
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Obtaining a luminescence representation may also involve image capture over an

extended period, such as several minutes. To prevent movement of a living specimen
during imaging, object handling system 700 may comprise an anesthesia delivery
system that delivers anesthesia gas to outlets in proximity to one or more living
specimens. The anesthesia delivery system is also useful for anesthetizing living

specimens during transfer between imaging systems. An exemplary anesthesia
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ciMeiorele, Iseriany sthusuitahle prosgsseer fPU Baposeued oROM 354 by a
y i a3 h T bee _

LGP, 005D 800, A 0L Ay coni

7 B basic epmatinghystemdot thl catnphier systeinds . rCEI 362 b dlsd connected
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di sluhdhelg. 'E'Slﬁar%anQAM7@518 is E?ﬁorﬂl!ﬂy@mlﬁl&i to/RAM 334 fk Sk by

or flippi n% the animal over to view a ventral side

r sk 362i RPY Xi2gmksp caunledstoi the IDrpinchibrys360rpaidata bus 372, control

i nt er,nal _oraan pesiiiaqn ' fect. .

on B T S RREOR TR vl 6lp SR JubRbivhe devisse

and tr avifsaitatlel/Geaputt,ICP1S 352 &in logyal cegthuhiation with light

significant tinme. Oobtaining.a |um.nescence , .

r émaég’@r%’ﬁ?m_d& HeEpSISRICoIANIEFfien i"Yf_g’g‘ge second iraagn@ syste 8, and

e 0 § . Q r .

ngﬁvlgﬁ%%i cg_ﬁﬁgﬂﬁa{;}lﬁlﬁ gvlikggg% ik hahd e 6. CRUPERVERtates on
stored instructions to combine spatial information provided by the second imaging

system 8 with information provided by the light imaging system 10. ROM 354 may
store the image processing instructions. ROM 354 may also store protocol for
controlling the object handling system 6 according to positioning needs of the multi-
modal imaging system, e.g., store proprietary robotic control commands that dictate

robot movement according to positioning instructions for the imaging.
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l'iving specimens. The anesthesia delivery systemis
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#NM { d%pa%ﬁ
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oy opth 5P iR PERPRET sl £ bR S B e By Beneraty
haqudlrhtle (SN Al @S tydeldd 12 c AR &i28¢ §6ra89368 QIcB®s a commercially
instructions to conbine spatial information provided

byavaHablg batgrthsk drittgi pepvolatile memory such as flash memory, battery backed
RAM, PC-data cards, or the like.

Regardless of computer system 350 configuration, it may employ one or more
memories or memory modules configured to store program instructions for robotic
control, obtaining a three-dimensional representation of a light source, and other
imaging functions of the present invention described herein. Such memory or

memories may also be configured to store data structures, imaging data, or other
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protocol for controlling the object handling system 6
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her ei n, Fith 8 itestigies ﬁmcease@w 900 fqriobjagtiag mulfinip ypes of imaging
fal?éafb'r ﬁ{f]o(ﬁijerﬁﬁ\é]h&ﬁd&f% whthidke ol dht ?f‘ﬁil/e ?E‘GSQ&I ibdnfign.

to a par u ocation on a screen o uter

di Brptesyes iaecondance mathi thepitesaht wivertsommyy belyde cmwtol echerad

cont t ol uter, 350 and/or to receive .res ses from
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have sonme type of long termmass storage 368 such as a
c omrages o Bthe yample are obtained from multiple views of the sample relative to a

camera. In this case, each image provides a different two-dimensional view of the
surface light emission from the sample. Multiple images may be taken to provide
additional data from multiple angles.

Process flow 900 then continues by obtaining imaging data of an internal
portion of the object while the object is in a receiving area of a second imaging

system (904). When the second imaging system is a magnetic resonance imaging
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i nvention may include up to severa it on
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0 ent Pr ocess fI ow 900. beqi
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i n%aﬁﬁaplgf <& AFted light@nissipn gpases fight t ¥1@ﬁ@rgslue@nr ezt and @) a set of
COp:Ah &8 thét define the spatial relationship between the sample and each image. 3-

D light reconstruction then comprises converting surface light image data into light
data internal to the object surface to obtain a three-dimensional representation of the
internal light source. This may include creating a set of volume elements within the
object.

A surface representation may also be obtained via the secondary imaging
system or structured light techniques. For example, three-dimensional spatial

information provided by a computer tomography imaging system 8 may be used to
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. used to conbine spatial data provided by the magnetic

resonance i magi ng systemw th functional data provided
by the light imging system hi sonme cases, software
may conbi ne three-dinmensional spatial information
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di stribution of the light em ssion fromthe sanple
surface. This may include data that conprises a) a
surface representation of the sanple (e.g., fromthe

- second system 8), and b) a set of
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nmeasurenents (e.g. inmages) of the light em ssion over
at least a portion of the surface. One format for this

wdav@/osspri ses (1) a surface representati on de€CTmiSmg4/021204
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the surface of the sanmple, (2) a set of light em ssion

i mages fromthe sanple surface, and (3) a set of
pavidmeisetisnmiciat: define the spatial relationship

bet ween the sanpl e and each inage. 3- D |ight
reconstruction then conprises converting surface |ight

i mpge dat @ j :  J - {0 ] ect .
U face 13" b S pain Bl ST irbBink tad3) FE gy portion
of of #reoljeatethe aystdm gbmpssing.ce. This may i ncl ude
creatingia1%et of vqlu elenments within the gbject. A
sur f ace® PP BRERE VTGN IHERrORIoMS heht dae z¢lpted to ightiemtted from a
s eligitdatte ldvagidigsisysk ©B)cef andlifdlgditged | i ght

techni ques. For exanple, three-dinmensional spatial

i nformati on #t BRagREChsmbsT eesmprising an intenigr epfity, antagi ng

t 8 ' - tati .
Totaci it a3 fndAREns AR ltaBrRd iR iR R AR @ vl tre
supljaetes incthe egenranvityy i s di vi ded i nto surface

| t . Sui.t abl f h i mati th
e gt BB S AESELL r
MRS He o@ﬁu a8 Rhgd &@éiviﬁg FAMRRGHER ﬁ%‘iﬁ&ﬁ%% ortion to be
pol yg The ePOSP

where each on is a surface el enent. nu
sutnaged vaiile theabieq) iy indke medivingiang; el t he obj ect si ze

and a dgsjq: ti uracy. .Accuracy, of a surface
repres e%fgttyj ?(g A §lg&e1#1§rsggf3%cf§rn%%#g§n%§mioﬁ{e?égéfg?"ﬁ@ nterior
nueryéty ob thedight Anesind se®At frd tMbidesividd sfed STUBAEdoBAd Hsbing
been described in terns of several preferred
enb8@hents, there are alterations, pernutations, and
equi valents which fall within the scope of this

i nventi on which have been omtted for brevity's sake.
Fo#- exahip systenl eftedaighl wherginrthe sdvanbanaghfe systedlesermiedtic
“ﬂ%@xﬂﬂltﬁflﬁ1o tgons for. object access into interior
cavi Ty 44 ™M4EE SRS S t hat the present invention

may i ncd ubelapedvityPassidOmioueh a36£R88c fBothnce ie magnet, the
access or  automated access, not both). It is the efore

i iPBHaRERVit SPmPHENS thegecebying Asathay caseiventhstobidctiwbie resting on a
d ] | t e appended cl ai ns. What
Aok QU ThRSLdth il 5L beRfifhes stbdl

aimed 1 s: or providing multiple
types of imaging data for an internal portion of an

obj ect, .t he system.c rising: a light imaging system
f (t))jr‘. pro }eoﬁyﬁta%l quﬁlmgg‘&hf’r.eqogfpé’émlg&% _iqagtrﬁne@meﬁ%@g flovaen in
a lbgighltcosuiiniitiot Satttle IiBB ifR o]y abh Stio AB4 cbi%%h'ﬁ’éagign with
an_ I magi ng chanber conprrsing an interior-cavity, an

a TBafreprd Evsging sk, rod sulogisrlconimimicatinaviflr thmobjeet handling

0 tgy?c‘éfn, Wik 8 Brocessor combines information provided by the second imaging

system with information provided by the light imaging system.

4. The system of claim 3 wherein the processor combines spatial information

provided by the magnetic resonance imaging system with functional information

provided by the light imaging system.

5. The system of claim 2 or 4 wherein the object handling system comprises a

portable stage with no metal parts.

30



object is in the interior cavity; a second inmaging
system configured to provide imaging data for the
wono@roosdsi porti on of the object and having a rCEIUSR009/021204
area that allows the internal portion to be inaged
whiol e t Ade opjtem of clain B WHeeein #eekdinddnAERE syA&d iah computer
object hagndling systemfor transferring the object
be%%%‘ﬁal? elmfaﬁg“@rs&ﬁ?m&&mpfl?n%‘f the |ight imaging
syst em aAX-tSréfeb b g ' ' -
Syatom 1 APErAE okt Sl \RTs TRERRR gAY objec
i nivila gestipe o mpottable stagaarcluded ésthrahizet hamehg gyseeys
COQpL:d: Si.Ng; tubul ar cavity passing through a
5 nag%gftlﬂeﬁ%éggenrgﬁég‘émg%e& ﬂ’él magnet, the tubular cavity

conpr i siangrtahef Kerissisos: thiteaccitahe B@ﬁgé.Ves the obj ect
while resting on a stage included in the object

hapdl i ng, system 3. The system of claim2 further

coﬂ'pr i s?h@g%qfeni‘ 8%@?‘%& g’%&%@@@m% teipicessingren vgii igical
COpaTHR ARG it ki 11 irhd IsERe ilation vwi

| ogi cal communi cati o‘(’)trl;‘@\l/lv%l %%ﬁ% ??}S{Egg?g%éﬁ%ﬁéa°gﬁ%“gmlg§}é%‘?’ﬂth the
angFeppd inrgingsysteommandinclagicalncommimitatienotifleht obrbiddndEng

ei:n th nhi i.nf i
el L I A e A e S L A ——
pr vicgebhyydtha willghtornaBeH MGvEKE b9 Me Heht Ehggifrgf Sk of

claim 3 wherein the processor conbines spatia

n or j on provided by the magnetic resonance inmaging
syst em W' ' S%Hh%"t ‘iq%}H]a Whiey tha Prasesspr embiaes thyeetdimensional

i @atiall ifR@INAGoS YDl RIZ bF thek a2 Qe wi
V\hgjlraei n the o%' I)éct. hangllllen%ﬁl@g%grﬁnﬂ%%%%ﬂ @é‘g} s system with three-
potimensienal tfarpsionpltihfonmatiet mbvided by the. lighhinayst §@teaf

claim1 wherein the second i magi ng systemis a

c ut [ i n st.em.conprising. an .

15 SRy prutRRH AT (R R BRI Shath esdioes
t hpootale stdpe thdijsepiortshihd 6bié@ A1 O iFaPiak i ﬁ&%
i ncl uded i.n theé?b(} ect héndl i nggéggtler%gla%d giggligﬁon gjg
i PYPIR Jnddmagingdn Hesgoondimnaging A¥#ey. of X-ray sensors

that receive the X-rays. 7. The systemof claim®6

f urg, herry hSd MG PHAGERTHhEGhida Hafifi] lical

conmuni cgﬁ?gtﬁ Wi th the T S%ﬁhggn%gla\r%ﬁ@i/ﬂékg%ﬁ%&l lgconﬁgured to

| deAneter theobiesh betaepmthevintehor dagity ef the dighniagiginty sy¥i8ineid the
[ ect._handlin

20 2 etk A e R s s 35 SHioHE sl rmoving i objec
I oherporitanie gugai ded by the conputer

11.  The system of claim 1, 2 or 6 wherein the second Imaging system is

configured to produce spatial information for the internal portion.

12. The system of claim 1 or 9 wherein the imaging chamber is configured such

25 that the interior cavity is substantially light tight from the space outside the imaging

chamber.

13.  The system of claim 1 or 9 further comprising a light seal included in the
object handling system that is configured to interface with a light seal on an exterior

wall of the imaging chamber and provide a substantially light tight seal between the
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t onography systemw th i nformation provided by the
light imging system 8. The systemof claim7 wherein

woOhersposssessor conbi nes t hree-di nensi onal spat Pair/UuS2004/021204

i nfor mati on provided by the conputer tonography
| megeny cayisy efthedipht itape Al e ahe B sphedtiftdi@ Rk ima ing chamber
i nf o] ti 0%18{ ovi ded b&méhe_ | i ght imagi ng system %

Th&M5§ Sehprigplestageds Withmdhe interion eavibj afdhe imagitg chgmber.
system conprises a portable stage that supports the

objlect T8 kyderh bBAhint MRYHBQid | 98find JRALN :
syst em and }i%r.ragibﬁghi% F?ﬁ/g&%ledctgﬁgg}l% %%a?ﬁ%nés%%&ﬁ%oiﬁ the object
Thithipsthe iateriorcpvitneDhesmegingiciandenbj ect handl i ng
systemis configured to transfer the object between

e T ocaryr LSt kP L4 Bl Bty o e S ring chamber
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Wi ¢droprises anstvasntile altér¥acebuving: t he obj ect on the
portabl e The systemof claiml1, 2 or 6

st .11,
wher ei n? PWS?E%EWB’GF Hﬁﬁoﬁﬁb@ﬁ?ﬁémf’@h@@dﬁ igured to
produce, spatiréllad H%Eﬁﬁg@fsfi&gcri Bgﬁv\ﬁﬁﬁ] ﬁle: HeBhp %!aﬂég{l %é&arﬁ' of the

12. The systemof claim erein the'i
c hafpeabld igtecibed anglpesaiits owhtidnHztwednahe atteriororalband thy wall of the

S i-all Jdght tight fromthe space outside the
i#gé%%giéc J[aer (éér’. 13. The systemof claiml1l or 9

f ur t hera somt éisiutg baatid @ikt epdlis ratalicRtddd h§a 0l At
handl |a§%&§%s emthat is configured to interface w a

| i gAYe ceddhe abieeihapgling systemhe i magi ng chanber
and provide a substantially light tight seal between

t g, Nt eTHeyse AR 1 S et HDbbIbARY] stemand. the
spage outs 7 de ol he i mag\lgvn g eiélht g%%be] F%H‘égm%%ee& %B?S?%%Wsen about
st Hhand gbaytl i whotens/seroed/icentineten soyared/stehdidnragi ng
chanber. 14. The system of claim 13 wherein the object

h [ the object within the interior
caty HEYREEBEIRS WiSrBbe et Finghig weiem o rerigem
l4nedieneimaging spstedt ¢qdfiprvdd: of the imagi ng chanber
conprises a noveable interface having: a hole that
recei veERCORIGPHFEYS dhat detge radiepcsive caisgiona pfadused by a

cirﬁ&i@&@fve*@.@@&éﬂwvﬁﬂhﬁpﬁﬁé%ﬁjet?{?tWee” the exterior wall
and a wall of the noveable Interface and permts

rotation between the exterior wall and the wall of the
md¥eablTdeisystemiof elaim d 7 yeheoainl thei muclehamedieime iiﬂnGgthl 8fstem is one
| e

L tS ¥ h I f th b
" Sr SRR LSRR CTREEER Akl Ty Syeealion simepies computed

Syshegraply gk@iin. 1 wherein the object being i nmaged
em ts between about

19.  The system of claim 17 wherein the second imaging system is a positron
emission tomography system comprising:
a circular gamma ray detector array, which includes a set of scintillation

crystals each connected to a photomultiplier tube.

20.  The system of claim 1 wherein the second imaging system is an ultrasound

imaging system that comprises:

a probe configured to generate sound waves that travel through the object and

configured to detect reflected waves produced in the object.
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103 and about 1010 photons/second/ centi neter
squared/ steradi an. 17. The systemof claim1l wherein

woOherspessnd i magi ng systemis a nucl ear medi ci RET/US2004/021204
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i magi ng system conprising: one or nore sensors that
depict Thelbyedh bYEa NS Shefks MBE AHHESchdVaideadl '
substance within the object. 18. The systaglm%g’étg@glﬁ#nﬂ&
17°NAREES N t he nucl ear nedicine imagi ng systemis one

of a posgi 1 S8 Ry ,syst d a .single .
phot on S8 gR R f SRR Al SYEGHET erthe w02 il aStermine
sysauavaive elrassinn Tronh thegirsbet dne copBaRed todatiule §UaEAR from the

is_a, positron.em ssion .tonography system conprising: a
ci P%’ng ab%i‘%ﬁ%“% S&&?Paa%tl%% B FPegf P oundrp ehiertacl udes a

set of scintillation crystals each connected to a

photorul tiplier tube. 20. The systemof claim1l

whet-ei nAnediosblandling systin fr ppsitiening an ahjeut fhraasmdrior cavity of an

[ ' conpri.ses:. a probe configured to

gene a?ge&%%%?n&gl\? é% ! aggghtlnpgg}gg stﬁ%tfﬁ‘h SYSHET egjuedsing:

and cond pertabéelstbge et epporisahé ebQduRY B8 i

the object.21. Tghbe systppé(;n of cIJai m Zog%gﬁg@ﬁg?ﬁgw sthge by the

ul P48  #fagi ng system further conprises: a

processyp [ ' rents.to . .
e e M i T
prasidy afithedmnging ghauberand decuhtzitre apcadiufbantigy fleamabing
pngggmgp a reflecting surface using a speed of sound
inobject. 22. An object handling systemfor

posi ti aniigtg sed) cobfi@eéd onRfabd itk h WehCRY] &)’arpéxt«?rfbr wall of the
i magi ng chanber included in a |ight 1 magli ng system

t HEAgyEcBambe s confgired tamipvide bsulbstangielly hight tighppmi batween the

i oy e RO DA Bl b Furkh B ot s tanmber

povhisithe pettaije stbgs isedthin te intetier dadtty 6atetinagihe thember.
i magi ng chanber and the anbient area surrounding the

[ I ngchamber ; | ight seal.copnfigured to interface

0 AR Pl sl £ it 28 i et onfgurd
c hantee tansbreOn dtaueraichih th Sy ! 'nq.c{lg-

l'ight tight seal %%tmeen fﬁgﬁﬁgggiio?ygggggéio 1%%%6kmL

light igaging system and the space outside the imaging
c r%%nb e ﬂ%ﬂbﬂ &t hngling systamm ef clping @3 whegin fhiewbjehehandling system

| Bh&Vek e &ﬁé’dt by tvf dihféﬁsibﬁga\gitﬁg tﬁgll%?é%%rr cavity of the imaging chamber.

25.  The object handling system of claim 22 or 23 wherein the portable stage

comprises no ferrous metal parts.

26.  The object handling system of claim 22, 23 or 25 wherein the object being

imaged emits between about 10° and about 10'° photons/second/centimeter

squared/steradian.

27.  The object handling system of claim 22 wherein the manipulator is configured

to allow passive rotation about an axis that passes through the imaging chamber.

28.  The object handling system of claim 22, 23, 25 or 26 wherein a portion of the
portable stage that supports the object is substantially transparent.
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23. The object handling systemof claim22 wherein the
mani pul ator is configured to nove the portabl e stage

wonodsionsasihe i nterior cavity of the |ight inmagi RGT/US2004/021204
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system 24. The object handling system of claim 23

wheg.ei n Theebjebj atlifesyeleh G SMEL BIRWHRERShS PGiORLERDriddd a
two di nensions within the interior cavity of the

i naiskgtiahy sparepbwirgpgalobj ect  handl i ng” syst em of
claim 22 or 23 wherein the portable stage conprises no
ferrous netal parts. 26. The object handling system of

cl 8 m 27The Bjecrhap8lingysteimoftdiemaly) faethet@iniigisingrged delivery
enmts between bou{_i 103 and apout 1010 ]
o h VTSR FULERes 1oty b anotisiaraen S tidpastipnsngas sipliver eutlet that

obprRided Acineftesty ?a_tsetmt}@‘o SR iIE thUREE tddtstdiBhe portable stage.
mani pul ator is configured to allow passive rot at Pon

about an axis that passes through the imgi ng chanber.

2821 The ' i m lLaim22,. 23, 25 or
Sost e TREEEL AR SRR S P o o
s ubpang s pdditoroditeible by Sishiphantdotd systehPRRA 8 da’reference
Thﬁ obj ect .hangl [ n%) sgst em of .claim28 wherein the

pordiiina PG ddectable bna secand Anaging sysiesbar ent wir e

array. 30 The object handling system of claim22

further conprising a gas delivery systemconfigured to

debZ.ver Aanmagisg systern dorgtaitiog atrepreseatation ef giightdelice esdated
ou lfc‘l%ato%?etc eréeo.vi des thte anesthesia gas to the object
whiTPE S PRI S e 4edis SIS OAPTISEt abl e stage. 31. The
obj ect haimHgimockeitbeeicRbing ai m 22 further conprising
a light reference having a position detectable by the
|i ght i magi n®) ¥YBIEEAT @AYEYa secondary reference having

a position d ' ing system 32. .
An i magi ng s@tsfem %%@Og%tt%flﬁgl%& go #%%%&s%?ﬁe{? %ncaggurghght
| i dita fremuthe ebjlectowititeckhe nijectd's & 1hbjittetior datiy,iap@gi ng

system conprising: an inmagi ng chamber including a) an

i nt _etr! or cav?)tayh@)‘ S%Teﬁﬁ%g’éteﬁ?@ﬁ EE‘]I?F Ffﬁgﬁl’é@‘ﬂi%nber; and
POSI 11 Odh 6bj€ MBAHINE Ry &S b jebti idferi i

obj ect whi IJe t he 1cl)ltk%j ?el_ct i's L|Saor? t% hegl n?g%ieotpﬂg%e&?%??r gar%tyc’f
c) thg impgjpg chasaher.dhe abjeetiandling systam copfprising: | magi ng
chanber; and | handli na system for .positioning

t he obj ect i??adtrh?gt%%fs Eealgl‘a(;ﬁ%aggﬂm%pffﬁgf(’%ﬁ?& afagi ng

chanber, t heb)ahpedpulawndbifigrahis hedeaRdPortabld WageDet@een the
por%abl e St:y%%e t,hat_su%ports the object, and b) a

melAPAF ST o St impgineshamberng the@mbisnt 2en wiroundias the imaging
bedhar®Br, bthé A

c) a light seal configured to interface with a light seal on an exterior
wall of the imaging chamber and provide a substantially light tight seal between the

interior cavity of the light imaging system and the space outside the imaging chamber

while the portable stage is within the interior cavity.

33. The imaging system of claim 32 wherein the imaging chamber comprises a

moveable interface having:

a wall with a hole that receives the portable stage therethrough;
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interior cavity of the imagi ng chanber and the anbi ent
area surroundi ng the i magi ng chanber, and c) a |ight

weeals/oosasii gured to interface with a |ight seabPComSa004/021204
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exterior wall of the imagi ng chanber and provide a

subst antif@itlcirchlagbdaring divhos@d et WREEEME Wl £1d1tRE wall of the
cavit .the lig stem and the space

qf ht i magl ng ;\% ]
ouRaVERDle fierface Nt geraRiEFREHONAstvech the estsrionyRb asd thgevall of the

| S mivbI ik cbd@r i Or cavity. 33. The inmaging system
of claim32 wherein the i magi ng chanber conprises a
moveabl e séqondciradler teaving that perwmtslrotativibawbed thetvdl of the

receiy t he.portapl e, stage t.herethrough;a first
Ci P’@JF%ﬁe H’é%ﬁ%ﬁﬁmgﬁ‘gﬂ&e&ggﬁéﬁl%%t%e exterior wall
and the wall of the noveable interface and permts

rotation between the exterior wall and the wall of the
novéabl & mefhed foebtaining multipde binds ef inmgingrdatrefar amgbjettathe

Pelitilod hRbaLign between the wall of the noveable
interl#oacce&%n%ilhghe obj ect handling system 34. A nethod

f gr obt eaprt:lumg lti’ggit ghtplemiﬁ@@&n@fligﬂlﬂiﬁgﬂrmoﬁ?;écﬁiﬁ%ﬂg ﬂ?é’bbj ect while
obj.ec e .hod conprising: capturing lig at a

en% toi’&ec% Pd%ﬁ% lrlfegﬂ’f? o0 rozé_h%%g}agalgi HEF@e the obj ect

whi | e t BistaRig8Glagin® dafh 18 ihiekAl b&goﬁ gy fh%%b%fct@ 14 &Qtobject is
i magi ng system obtaining i maging data of an I nternal

poft 4 isReigmgtarre ajle)seemdimapimgisyderopgndct is in a

receivi f. &S nd i ing syste and, . |

t r ansf e{r}%}sﬁ%ﬁﬁ%g}eo@j]eé’ﬂ%&gg?’%@g tFlﬁ%r aﬁﬁé%@? light imagingsystem
t hand thg bdceivirgiragoiyis teshaftadihesysegei vi ng area of the
second i magi ng system 35. The nmethod of claim 34

wher ei nt he transfer cyrs w.thout substantially _
nmovi‘ng ?ﬁ%msﬁ?f@e clgpm gﬁ Seereinihe tensfgeoqores wishaw sitistantially
t h@o Ok ekd otljekt BRoHABelsREE i ' - interi
rece?i?{gn %rjea.. _323.0 Thgsrr%t hgg&gﬁ)@}é]l; g%ér%% t&ﬂgorﬂélthr? piggor
s eRAYHY ahgrElgireeplypgeEem i S a nagnetic resonance i nmagi ng
system 37. The method of claim 36 further conprising:

C i ni j i tion.provided hy the magnetic .
o e mEbh 8t clafh 34 WRCteRT B lsiotnd Srathe hrfiras Senetic
presomiece imyagidpesybteght | magi ng system 38. The net hod

of claim 37 further conprising: conbining
t e- di,mensi onal. spatial .information provided by the
mr;%ﬁ ot idthe method ok clats 56 Rurther comgr?sing: P Y

combining spatial information provided by the magnetic resonance Imaging

system with functional information provided by the light imaging system.

38. The method of claim 37 further comprising:

combining three-dimensional spatial information provided by the magnetic

resonance imaging system with three-dimensional functional information provided by

the light imaging system.

39. The method of claim 34 wherein the second imaging system is a computer
tomography imaging system and obtaining imaging data comprises receiving the
imaging data using an array of X-ray sensors that detect the X-rays emitted from the

object.
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resonance i maging systemw th three-di nensi onal
functional information provided by the |ight imaging

weoeypaisms3s89. The net hod of cl aim 34 wherein t hecsasemd 021204
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20

i magi ng systemis a conputer tonography inaging system
ang,obt @h&inRehodHRGianA 3d@ﬁﬁ1&eaia§<ﬁ§ﬁg% receiving the

i magi ng data _using an array of X-ray sensors that

det ect edBbiRingspatiad ifpreatiohmsenidéebyothi eompuier tofiieraphy imaging

me Im. 37 ner | Sihg: . conbi. ni n

parrh Hi il it SS 6P bR LR P S

t onogr aphy i magi ng systemw th functional infornmation

prélki de@hdmethod of cirh 40 fathengompdsiagn 41. The net hod

of claim4Q further . conpri in%: 'C{%'%i ning .

t hr ee- dFHRNEING T Siaensianal spabpliRIOTBAtIoN BroVided by fho qegnputer

C OfSRiHoRIphly HXRGH S BYYerh KR! tﬂﬁe-ﬁl‘,ﬁﬁ%ﬁmn\ﬁ’l flctional information provided
three-di nmensi onal” functional 1 nformation provi drénc?lby

t hiey thedight inpegiriagysisyst em 42. The net hod of clai m 34,

36 or 39 further conprising sealing the inmaging

ch er i t is wthin the . .
ko o?héé\glﬁjfht%ﬁtogglaﬁﬁ éh?%%i 3R f e er S mirs i rpag the ipeing

s eca‘#amh&r;lwgdbdha} portdh?ae sibjeds wri]ﬁhanmi_b ﬁﬁg&imlbmt halimhging chamber,
configured to.interface wi.th a |jght seal on an _
extune B ficses! ipfluqatan efiers heliiaystomaha Theonvigursd do interface
of with ai1iPhBéal FParPExiSForl Wit &k ﬁﬂ{g@ﬁ&i ving the

obj ect iv%iht hin the }i{nt erri or ca?/i t o% taﬁg)efmmagi ng

chanber. 44. The nmethod of claim 34, 36 or 39 wherein

t 3.1 nt Eirg wethed i elping B4+ 36eor| 39¢hrthéreayipriging maowieg the object within
c ' - t.0 about 1010
pﬁ@%%ﬁ@%ﬁ%&%?@gg I?lgﬁlé{l%?ﬁas%bl%r ed/ st eradi an when the

object is being imged. 45. The nethod of claim 34, 36
or449 fTind method ofiplains BAP ccardPeridreiy tisdlinfefioe cdvighif the light

i mage. data into li.ght data,intepnal to _thie object
s r?aﬁbneg B’E%ﬂnlt?“gshtquﬁ”%eél-a&’f’ﬁ@r@it‘bﬁ u"rlggresent ation

of pHoféhs)se@dtid/®ateRr sdtred/di@adiBh Va6, e oﬁbi &} dRg imaged.

further conprising obtaining anatom cal 1nformtion
rﬁ%ar ding the object fromthe second i magi ng system
arftP- usi Hep mpidod phclaim 84l 36 axf38 fmhdr sampdisivp canvertitgsurface light

It g%g“ 'gghthﬁlgt? g%ﬂﬂj]aé{l g@‘%ﬁ%ﬁg ttﬁ"et o'b?er!:t g&rf&cg % l)‘tl)tgﬂlta t%?elél[cﬁr%ensional
representation of the light source.

46. The method of claim 45 further comprising obtaining anatomical information
regarding the object from the second imaging system and using the anatomical
information to obtain the three-dimensional representation of the light source located

inside the object.
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