MULTI - MODE | NTERNAL | MAG NG FIELD OF THE | NVENTI ON: The present invention
relates to systens and nethods for obtaining nultiple 5 representations of
an internal portion of an object, which is particularly useful in research
and inmagi ng applications. In particular, the present invention relates to
nul ti- nodal imaging with light and another type of imaging. BACKGROUND OF
THE | NVENTI ON: 10 Today researchers and |nag| ng practitioners use any one
of a nunber of non- invasive Ol RQ . 0_produce an internal

i mage. These techni ques enp K5~ FPEeH: ) FeSpRance i maging (MRI),
CAT scans and ul trasound. |n other systems, optical imaging is used to
produce optical imges of an object. For exanple, biolumnescent inmaging
is a non-invasive technique for performng in vivo diagnostic 15 studies on
ani mal subjects in the areas of nediEd) OFGEERMNMENTIGNNO| ogy and drug

di scovery and devel opnent. Bi ol um nescence is typically produced by cells
that have been trangfe8pds LR Bl as ci ferase
and can be used as a %r %ﬂe%ﬁbn?}gl%ﬂé%ﬂg%ﬁ%ﬁﬂ&ng speg%ﬁiroggtﬂ?nghsgﬁ lwlﬁe (e.qg.
a tunor), mohi tGPrEEART @@ énemal porion oban objech sthichhepatiisdaiymséfiin_ of a

t her apeuti c congguandg 0 i on of
a di sease. Fl uorescer?%&ejii}rls an ]irﬂﬁ%irﬁﬂ(%p%lrbgﬁl%m ﬁl(éE’reSéﬁ'Hthno 8@6 g’rfﬁ't%lﬁcan be
used to track c‘@P‘ll%l%?gﬂrﬁW@bl!ﬂhé@draﬁothﬁMmﬂeO'fhm&ut&chnol ogy has been
denonstrated recently using genetically expressed reporters such as green
fluorescent protein (GFP) and near infrared (NIR) dyes such as CyS.
Briefly, fluorescence is a nolecular phenonenon in which a substance
absorbs light of a particular Vf&, th 25 and enmts I ht of a | onger
wavel ength. The absorption of ‘é K IEEE NG/ BT L "excitation",

and the enilgsi on of ToangeseatBtehRITGhLES ﬁd@aﬁ 548 35 bdlor 15@?) ni que
has advant ages ,and. di sadvant ages tha%i %aﬁﬁ?a |teﬁsef u? ?go 2 Perenp i magi ng

appl i cations. SBYREYV P ERteefEheiagpsdo REAdpcesy intamak imagn: Shosd dechpiguesainplay
anat om cal i nf G{-AB, It@d’gnéﬁlfreéoﬂ&ﬂéﬂﬁégu&a(m Wit &m%taﬁghﬁra%uﬁd”ﬂoeﬁh%“' ted to

provi de 30 functional ormation for an activity of Interest hin an

obj ect being i AEYEE: °ptF°a g itspd togreduge opticelimpeny Ofﬁnd&eqt rl’“a)bb:emlme conbi ne

t he out put and bsdhireiedchs imBFing'idhbhbRi& SYSoIB _ t of each of

t hese traditional_ i nagi ng e hasa1 becone gﬁg rrier o suc pguostt
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(CT) systemcan cost mllions of ars ai‘(ajnal
been transfected with a luminescent reporter such as Iuciferase and can be used as a

marker to differentiate a specific tissue type (e.g. a tumor), monitor physiological
function, track the distribution of a therapeutic compound administered to the subject,
20 orthe progression of a disease. Fluorescence is another optical imaging technology
that can be used to track cells or molecules in vive. This technology has been
demonstrated recently using genetically expressed reporters such as green fluorescent
protein (GFP) and near infrared (NIR) dyes such as Cy3. Briefly, fluorescence is a
molecular phenomenon in which a substance absorbs light of a particular wavelength
25  and emits light of a 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

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



i mgi ng systens have practical conplications that inhibit inplenmentation in
a nmnultiple inmagi ng systemenvironnent. MRl systens require that no ferrous
netal be near the high power magnet during operation. Positron em ssion
tonmography (PET) centers are geographically Iimted to be close to a
particle accel erator device that 10 produces the short-lived radioi sotopes
used in the technique. Also, transferring an object to be inmaged between

di fferent imagi ng systens woul d ficult, such as it would be
difficult to maintai es?%%‘%‘ﬁé%?%ﬁ%fg‘&}F%Wﬂ%W\?P’aB@ewOélawhmwg@@ﬁhamthout

conproni se due btfmultiple efstehisaHshEler, b@meécﬁ%fmtt&aﬁmﬁmﬁ@@né é}éteﬁlgr egoi ng,
new systens f i magi ng 15 woul

0 rform.ng.multiple nodes of
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and net hods for cotittniplatifP dalktipld Reinitfhes 4 %ishgle! sit& @‘Br RARehR, FOORNE, En?h {1
i magi ng. Light fl@nr%gig& nvolves the capture of low 20 |nten5|ty t from

a light-enittin Tﬁ@t%%nlcﬂﬁtéﬁ ipps,ofidpliass. Wﬂi@nempﬂt’f@dﬁhﬁn@m any of

a variety of ||E’ihrgm@@j’b'iéﬁi%%a%ﬁxﬁétfbaf&&ﬁlpﬁpdn@ﬁ}}that Gitatibfifa 4 | 9t source
may correspond to | uclferase expressing cel In“a l1ving speC|nen such

as a nouse. A @alﬁlélﬂélﬂ%%%@ménvwhﬁﬁﬁusm@ms ngmlteﬂhﬂt ndifestoni tmetal lon of  t he
light emtted AdaPiRk hish poWériAfReiQfurihd GpetHiBh. %551&0%%%%%@%5@&@@? onal

COI’TpUt er in communication 25 wth the canera my convert
(2-D) spatial die8EraRggarbeally inhioireclose o Fumrtecls mgielstqr Aevicezthat

t hr ee- di nengj oq%dlfc@s@m@%@k@&ﬁ@éﬁ%@ﬁf@@m SEROELLARGENY mode may

i ncl ude any i (g)l ng techni que t I ment magi ng npl es
i ncl ude magnet i @&qa‘m@@ ﬁ’ﬁ‘ﬁ@bm@lﬁ(‘«w inaging gyiionms e‘«roulddpc@fiﬁamhyuc(hﬁ'{ jt, CAT

scans; X-rays; Whiid @it tcﬂﬂ&nhﬁﬁ‘fth G108l 'vﬂlgd ﬁgu%cggystet%i RSkt ron

em ssi on tonography (PEI), ton ems n cO ’ raphy
( SPECT), cardi Wmmml@rdwﬁthdumtmmﬂﬂbmgl&cthmg The second i magi ng

node may produce sp I t [ bute |ctor|al)
or 3-D geonetric d?sl%e;ilt%étfla%)ggﬂ?[{he 0 f&“’a e ‘%‘Rl%@f’ﬂ%ﬁ H%gt“?%ns 2
Sof t war e oplér atveakidye desicabirput er i n cormunl cation w t h the light inmaging
system and the second i magi ng system nay operate to anal yze and conbi ne the
out put provided by each inmaging system For exanple, |ight inaging systens
are particularly useful to prodtEBVMARY OBMHE INVENTION on relating to an

be. conb ned wi t h papr BEShfiledif pRHEF el ? kit pilBin B A Bl PGt ( ne
obj ect as proviudieg hgl;t ahdhe ssendfodn of imaging. Light imaging involves the capture of low
20 intensity light from a light-emitting object. The low intensity light may be emitted
from any of a variety of light sources within the object. For example, the light source
may correspond to Iuciferase expressing cells within a living specimen such as a

mouse. A camera obtains a two-dimensional spatial distribution of the light emifted

e

from the surface of the subject. Software operated by a computer in communication
25  with the camera may convert two-dimensional (2-D) spatial distribution data from one
or more images into a three-dimensional (3-D) spatial representation.

The second imaging mode may include any imaging technique that
compliments light imaging. Examples include magnetic resonance imaging (MRD),
computer topography (CT), CAT scans; X-rays; ultrasound; nuclear medicine Imaging

- 30 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.



I magi ng system An object handling system noves an object to be inmaged
between the light imging systemand the second i maging system The second
i magi ng system 10 conprises a receiving area that receives the object from
t he object handling system The receiving area may al so correspond to or
conprise the area in which the object is inmged. For exanple, an M
systemusual |y conprises a tubular cavity passing through a nagnetic

resonance i magi ng magpat ﬁB;!I ity ncludes the .receiving area,
and the handl i ng systemarrr%av-%gat% oc%fﬂgg?y%nﬁg%htgﬁlgﬁfoﬁb“ﬂh’a@eE%@F’P@g‘%d 15
posi tions the oBystest arfddhe $eRpndiimagingsystefiomayaperntatd atiady Red bdntie thé ght
requirenents a ' I er .used in_a |ow light.inmgi ng system the
obj ect handl i ng%%tgem a‘&lb&%ﬁéﬁqfﬂr@rﬁlﬁ% ﬁyéteghgwgﬁlflpl&lgq%mgq%ﬂs%wﬁde
ispec: al ihtzeld ad?para'cﬂlvhslssﬁ:_htm I?cxluas fungvinal iﬁiﬁﬁhnai)ti@ﬁﬁ‘élélttmg&@% idﬁvﬂ?«%ﬂht?iﬁpt t he
ow lig exyel g 0 i, the .. | anbey . .one aspect, e
present ijn;/e%;i%? rehi_ %ﬂ%@%;f;%&%%@%j‘%;i%y&%& t"YlgI;éanaio Im)ges of
i magi ng dat a f omfeamation e opatetnabyortidn eefCds provid By kel dpc! udes a
|l ight imaging s atgglgtstszg]}l provi des |ight dat aj rel zft ed toyl i ght 11em' tted from
a | : ggt s?urce_ C'Ans b_;‘g;i de. the object. The ltbitgh't I magi _nége systeLn)
i ncl udes a) an i magiAugobjedthadaiting BT Moted 8n diedt B WY iirRbedbde tad a
e S 0 L L e o 0P
isinthe interio : MAZINE S i magi ng
syst em conf i@Qur eshririsesns evdidlRy ieBGRIEceRE tiolobectlfign ih@hgfﬁ%ﬁﬁ(ﬁﬂ%%%ﬁéﬁl. of the
obj ect and havi a receivin rea that allows the intlernal portion to be
i mged while tﬂge%‘fﬁ“&%% a‘F%mgﬁﬁf%@fﬁe@ft?éﬁﬂ WGoRPEE therdien inydiche ehjechisr
conpri ses an_ objunged. FeadpgaEMRY sfite\ShallycdiiBhiek A vt BREG GhssfiB! veen the
g a

I nterior cavi tyt of the light magj n%_é%ystem and the receiv ea of the

second i magi ng ATCAREIC SPORABRT BIPERE daePSniheltybulas epdydaclades theast  one

processi ng devieerivifig hrégiati@the HORIRAR kit fvedkrc fbb}e@ﬁnto'th@ﬁ%ulgfagiﬁ?%dsyﬁ em
|

in |ogical nmunj catjion with the second i magi ng system an ogi cal
h b

comuni cat i th WSO e geetder MRHimaging Tsarcemmodate tin Sghidightregutsmentshe

present invent i@ﬂi@@éﬂﬁgﬁﬁpﬂne:@edﬂ@l&ﬁﬁigﬂq&géihg%é)ﬁ?ﬁﬁ%}:'eéﬁ{ RS L4:QR! ng an
object in an |n‘t rjor_ cavity of an imagi ng Chariber |nc{1 eémln a 1i ght
i magi ng system Ig%hlé“%tcé?ﬁlgféfﬁﬁbp@e@%mﬁ’@ ¢ apbtialized adaptatinms sushipprmlighs t he

obj ect ' dur i NQ BASLLAGIAS sl eI OB IR0 AUOLAL 1 THE gyt e o S0

conprises a manipul ator configured to nove orta e bet'ween the
interior cavity of iy gne qsﬂ%iﬂil@r@ﬁ%trm‘@lﬂhmlateh@ aspsteanbr proeidingmuligpladi ng
the i nagi ngX0chaRRS of HRing kR ad itbiubNBRIAOTR 56 Fud halah 257l gOnf T OUr ed
to interface with a |jght seal on an exterior

light imaging system that provides light data related to light emitted from a light

source located inside the object. The light imaging systern includes a) an imaging
chamber comprising an interior cavity and b) a camera configured to capture light

data from the object while the object is in the interior cavity. The system also includes
25 asecond imaging system configured to provide imaging data for the internal portion
of the object and having a receiving area that allows the internal portion to be imaged
while the object is in the receiving area. The system further comprises an object
handling system that transfers the object between the interior 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 Jogical 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 &



wal | of the imagi ng chanber and provide a substantially light tight seal
between the interior cavity of the light inmaging systemand the space
outside the imagi ng chanber while the portable stage is within-the
interior cavity of the inmaging chanber. In yet another aspect, the present

i nvention pertains to an imging systemfor 10 obtaining a representation
of a light «seurce-l-ocated inside a sanple. The inmaging system conprises an

i magi ng chanbery. | es interior cavit b) a mer a unt
configured to pléélﬁ?ﬁ%gngasy%%{nﬁeaﬁg SY%“%%‘E?W? arff%tﬁ]i’leatﬁg%&ﬁ S&mqtﬁg%d’&e%t whi | e
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receiving area _of a_second imaging syste The nmethod further conprises
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system and t he dh&GEdVTHMmALR . ' ' : and
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invention is illustratec way e, an I'mtation,
in the figures aéﬁasvﬁ@lldmd%vammgghmman@s) sclight seal askacited wikiethe ef er ence
nuneral s refer s Sk | ' 1.ch: : I llustrates a
system for pr oﬁ%ﬁ%ﬂrﬁ???ﬁb@%% 0 ﬁ?%ﬁ%nlg@gﬁ%ﬁhgﬁrwﬁ&t Sea& onte

exterior wall of the imaging chamber and provide a substantially light tight seal

20 between the inferior cavity of the light imaging system and the space outside the
imaging chamber while the portable stage is within the interior cavity of the imaging
chamber.

In another aspect, the present invention relates to a method for obtaining
multiple modes of imaging data for an object. The method comptises capturing light

25  data emitted from a light source located inside the object while the object is in the
interior cavity of a light imaging system. The method also comprises obtaining
imaging data of an internal portion 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

30  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. |



an internal portion of an object in accordance with one enbodi nent of the
present invention. FIG I|IBillustrates a systemfor providing |ight and
magneti c resonance imaging (MJ) imaging data in accordance with one

enbodi nent of the present 10 invention. FIG 2A is a perspective view of
an i magi ng system adapted to produce a 2-D or 3-D representation of a

| i ght source J+ocated inside an object in accordance with one enbodi nent of

accor dance wiih 15 one enbod: Bemr o CRE IR BEANINGY °F ! 5C and

2D il lustrate per spe&‘hﬁ%preseahdvmhdmsvﬂmmstpdbjewm}e«s:ftaxmly,,an@imﬁbirw ceri or

wal | opposite a lere in accordance w ih qn i ment of
the present i nvé%’ltlﬁgnm %i%ggg Ut RYEE ﬁg&?ﬁgf Fﬁ&wé‘g’bﬁéﬁ‘@éﬁeﬁﬂ@ ng
(MRI) system i n ngwerkdefhci suﬂﬁrmlemmtmaaﬂiﬁmtaﬁi ment of the present
invention. FEG 4 il bl o epresent atiqn of acorrputer

t opogr aphy (CT) sys#ﬁﬁfs‘r{ﬁ%i%gf‘%%%@%% efeAdssof Bragingddapr s ent
i nvention. FlG abidtérhalpbrtiah efar obhgt iﬁgcaﬁmwwmoﬁ&nﬂmmi &afe fi8keafi ON

t onmogr aphy (PET %)stem i n accordance with one enbodi nent of the present
invention. 25 F Aillustrates an obj ect handling systemin accordance

with one enbodi ment i, 1BlikusphtesesybtenTuaRbiiting llgﬁt@ndﬁﬁgdehk %b%&ﬁaﬁ&@s the

mani pul ator of FEl G @Pﬁgm tloryﬁ gi%a port abl. t age hi n an

recei ving area iH B 10 AREOrIARFS o e@PO@lﬁémﬁif%@mseﬂtl nventi on.
30 FIG 6C mowinvant&ﬁcond wal | around the perinmeter of a hole, extending

outwardly and gener 11&53/& endicular to wall .in accordance with one
embodi ment of the s IPRF%’FI‘E"}VSNIWS’fPPGm%‘ESﬁYFtFli}§@¢l7éQdé9PIQdGﬂma$erul at or

of FIG 6A posi bi BDirgge@niaéd Gl 1BhEI0ARE lookied Bisfe 3 ob Eﬁt%{é% ' [ the
l'i ght -i magi ng. ch dgl of FIG 6,g\l%|hn accoorcdance \?\n tﬂj ‘ n]"g&%\éréﬁtogof t he
present inventi gRbodapent of heifveRtin ates a | i ght - ti ght seal i n accordance

with another enbodi reEm 2@Ehova atshﬁpm{eﬁ%ﬁi@&aﬂoﬂ\b?ﬁ%ﬂt%angé {Facdorddnbd'Fhh at €S an

exenpl ary c uter systemin accordance wt
P y %Tp one emb%dment of the present invention.

FIGs. 2C and 2D illustrate perspective and side views, respectively, of an
exterior wall opposite a side mounted camera in accordance with one embodiment of
the present invention.

FIG. 3 illustrates a magnetic resonance imaging (MRI) system in accordance

20 with one embodiment of the present invention.

FIG. 4 illustrates a block representation 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,

25 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.

30 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.



enbodi nent of the present invention. FIG 8 illustrates a process flow for
obtaining nmultiple node representations of an object in accordance with
one enbodi nent of the present invention. 10 FIG 9 illustrates an

ul trasound i magi ng systemin accordance with one enbodi nent of the present
i nvention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS |n the
follow ng detailed description of the present invention, nunerous 15

speci fic enbodi nents set forth in _order ovi,de, a thorough
under st andi ng of theFﬂ%‘ﬁyelﬁ |%tﬁs.ﬁjﬂ8%\]i’ﬂ$g’r8§h\%' g‘lr‘pﬁ%ﬁoélﬂfﬁa‘?@ﬁ‘tﬂm@étagmose

skilled in the avihin anisteporeseitytof telighnintRihgRBYMIRE ofHTBCEA GEL Wbl Wit hese
specific detail .using.alterpate , elenents or processes. |In other
R N

i nstances wel | known Ps, and designs have not been
described in detail| Ei6. 8B illstratésy INBEEIRSEAT AckordRes WIB afiRe ShSodifhnt 620 t hE
1

present invepti - t(.‘A/er view FIG 1A illustrates a sinplified systém
for providing mil'trprs WE&- of immging data for an internal portion of an
obj ect in accor danceFMi.17Elll@ﬁﬁe@ﬁb@é{hﬂﬁﬁtcomﬁﬁtext%ﬁeﬁ%&@gﬁaﬂc@mﬁt&gn' System

1 conprises a light..i [ system 10, a second 25 I maging system 8, an

obj ect handl i ngelgg%q‘@gﬁ%g’?ggﬁﬁs%wmvéﬁ?ﬂ one processor 2. The ~object

handl i ng system 6 t rienss g anstras QRbRsd AdvPk: §&H§B{¥ Il ' tween an
interior cavity of the |light i rfawcaigj ng systoé.m an %a ]}r?@églfgS{iér%g%?egga%g?S t he
second i magi ng ° i InggGordanesathenesebedimeniaftheqnesmitiibventen. be pri marily
described WO h reSpaqt. ¢ QlusEahHihgoRa R LIRGLAG SHSLens, system
1 may include nore than two 30 systens an%]éjl'g%g)st%ﬁﬁ?rﬁétra e enbSdi ment i s
not meant to | i TPROdiRet pithepresest inkgtioans  conmbi ned. Li ght i magi ng usi ng
system 10 i nvol ves the capture of lowintensity light - often on the order
of about 103 to about 1010 photons/second/ centineter squared/steradian -
froma l|ight-enitting BBIARED BESCRIBRION OF T31H PREFERREDBMBOBIMENTS ed from
any of a variety of yhughbn G WL bk ' .. For exanple, the |ight
source may correspond to_luciter agkefﬁd%%%% e@?ﬁ%gé%%énv\%n?%ﬂ%ng?ﬁ/i ng

speci men subh aPecific ppbesdimentiyse st §ith is ovder® provideoath@sughorideensding oftthe
sanpl e, such aspp{dReLdusRLRE ' i cu ofti of a Jiving

speci men, where an activity ’g%fﬁlﬁln%ée Q%Fﬁ%@ogee@efl&%ﬁ@‘%&wa@g?enﬁ ght

i magi ng syst emXeeRERRIGY be pradizadwithou thok specifiaddtails-oflbynesisd aieadate( 2- D)

elements or processes. Tn other instances well known processes, components, and

designs have not been described in detail so as not to unnecessarily obscure aspects of
20  the present invention.

i. Overview

FIG. 1A illustrates a simplified system 1 for providing multiple modes of
imaging data for an internal portion of an object in accordance with one embodiment
of the present invention. System 1 comprises a light imaging system 10, a second

25  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

30 systems and the illustrative embodiment is not meant to Fmit the number of systerns
combined.

Light imaging using system 10 involves the capture of low infensity 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



spatial distribution of light emtted fromthe surface of an object. To
provide details of the light source inside an object (rather than a
surface em ssion), processor 2 operates on stored instructions to
construct a three-dinmensional (3-D) representation of a light 10 source
| ocated inside a sanple. This involves converting surface |ight em ssion
data into light data internal to the sanple surface. Paraneters for an
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spatial and/or functional information. Spatial information refers to information that

contributes to a 2-D (pictorial) or 3-D geometric description of the object or its

internal portions. A spatial representation provides a user with a 2-D or 3-D pictorial

reference of the specimen, A 3-D geometric description typically comprises a

25  reconstruction manufactured by processing data from multipie 2-D images. Functional
information refers to information that contributes an item or activity of interest within
the object. In one imaging embodiment, light imaging system 10 produces a 2-I) or 3-
D representation of a bioluminescent light source inside 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



At | east one processor 2 is in |ogical communication with the Iight imaging
system 10, in logical comrunication with the second inmagi ng system8, and
in logical communication with the object handling system 6. Comuni cation

i ncl udes sending data to each system 6, 8 and 10 for purposes such as
control of system conmponents, 10 position and notion control, regulation of
i mage capture, etc. Conmunication also includes receiving data from system
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anal yzing and mani pul ating 2-D or 3-D I'i ght "source represe ons.
subject using one or more images of surface light emissions. This provides functional

20  information useful in oncology, infectious disease research, gene expression research,
and toxicology, for example. Light imaging according to the present invention is
suitable for use with objects having a complex surface, such as an animal subject (e.g
a mouse or rat). As the term is used herein, a complex surface is any surface that
cannot be described solsly using a single polygonal description. The light

25 reconstruction techniques employed herein also place no restrictions on the source
distribution, such as the number of light sources in the object or the sizes and shapes
of the sources, and no restrictions on the geometry, size or shape of the surface, And
as will be described below, processor 2 may also combine spatial data from system 8
with light imaging data from system 10.

30 |
2. Light Tmaging System

FIG. 24 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



5 FIG 2B illustrates a mammal i an obj ect 302 being i maged by canera 20 and
i ght imging system 10. The nature of mammalian tissue and nmany ot her
turbid nedia causes photon scattering 307 for light traveling froma |ight
source 305 within the object to the object surface 309, resulting in

di ffuse images on surface 309. Canera 20 captures a representation of
light emtted from object 302 at surface 109. 10 Usi ng photon diffusion
nmodel s and imaging data, a processor 2 in conputer 28 operating on stored
i nstructions nayMiEinEdaks ngluding thegeptareof phatpBrphice luntihescnd erd stwefureddishte,  and
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20  image may therefore be captured without using any light sources other than the

sample itself. Luminescence from sample 302 is recorded as a function of position to
produce the luminescence image. One approach to generating such composite
photographic/luminescence images is described in U.S. Patent No. 5,650,135 issued
to Contag et al. on July 22, 1997 . Commonly owned U.S. Patent No. 5,650,135

25  includes additional examples of analysis applications for a digital overlay image.

Referring to FIG. 2A, system 10 images and processes low intensity light

sources using a light sensitive camera 20. Light from the light source refers to photons
and electromagnetic energy anywhere in the visible to near-infrared (NIR) part of the
specfrum in the wavelength range of 400-950 nm. It is understood that some

30  infensities 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,



e.g., luciferase-based | um nescence, is to be detected. A high sensitivity
canera 20, such as an intensified or a charge-coupled device (CCD) canera,
couples with the 5 imagi ng chanber 12. Canera 20 is capabl e of capturing

| um nescent, photographic (i.e., reflection based images) and structured
i ght images of sanple 302 within imaging chanber 12. A refrigeration
device 22 cycles a cryogenic fluid to cool <canmera 20 via conduits 24. An

i mage processing uni 6.0ptionally interfaces between canmera 20 and a 10
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har dwar e i ncl udi ng gh%roll():es or, nenory conponents such as ran orﬁhaiccess
menory (RAM) and B Sigieragsy A BIBISSeepRORO cielsh highisensitivyponent® (e. g. ,
hard drive, CD, sfdh@ppyintdnki¥ied or £3h8res-co i di spl ay
38 and i nput .devi ces ig%p 33 8 keyl:%_ar 40 ?Ligégén%))?rdoaﬁfglg’%%ﬂ%g%%eer 28 is
in communi cali oM S FEPT Jds- ERahhis ftnsbies! eapturing duihesgent hotographiz vi a
cabl e 34. | N anGleecebstbamnhecs P ARl uttSmhdlt GOLALRD0, Wi, the -
i magi ng equi pnent in single unit. To provide cohtro nd co ication

f or conponents fnﬁa%‘lgéi‘é‘ﬁ?ef 2. A gfigreation dovded 22 dyplps eoapegseid finidtth obalr dwar e and
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20 monitqring imaging components in system 10, Components controlled by the

computer 28 may include camera 20, the motors responsible for camera 20 focus, the

camera lens, f-stop, one or mote motors coupled to 2 moveable stage (not shown)

included in chamber 12, stc. Computer 28 also communicates with a display 38 for

presenting imaging information to the user and also acts an interface to confrol the
25  imaging system 10.

Computer 28 includes suitable processing hardware and software for image
processing and data manipulation as described herein. 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 2 sample. In addition, computer 28 may

30 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



these nultiple positions is then used to build a 3-D representation of the
object. System 10 nmay image in 3-D according to the follow ng schene: 1)
canera 20 remains fixed (when the various cables and supply lines for
cooling the camera are 5 too cunbersome to nove during inmaging); 2) the
sanpl e remains horizontal during imaging; 3) the inmaging system obtains

I mges of the objects fromnultiple views and positions; and 4) conputer
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cavity 44. Crcul ar bearlaﬁgpgger s di gﬁf)se%\&get ween, jmagi ng chanmber wal |

103a and wal | &32%20% OB t dqor avfl plagetheehiech within il pavityddd wal | 103

and noveabl e wal | 251822D Glusgitésao &@hﬁsﬂ&t%&nﬁ%umn{a‘ﬁedgﬁsiﬁé” ofiedren the
wal | 92 andlg nn&ig .col | ar, 95. atively, bearings 93 and 94 al low hol e
ac

5.. A ] )
91 to trace O P, FItestof P‘L‘W‘é{% 0 chamber2dp accqpdanges, Withone prberdimenof the

represents a fipxegnp@véition SlobMewhid 18329icBh R Pliddaf St RS vaNdmef COMDN
poi nt for magggg the sanple. Bearings 93 and 94 also allow inner collar

95 and stage 604" t'gnptehleditertage 2bersvalhio3asliows the peemeted ebjecshensllingr wal | 103
while it 30 or bivkemtaiodnsert @dtagd GD9GHAB cﬁﬁﬂ%ﬁ@ﬁﬂ&ug&%%@%@la%ﬁgwﬁhﬁﬁa &
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(0]
609 to mai nt ai nWEhiE Ghangben12. Meyeeble wigrfaeq Secomprisesaval 4 93a, gRll 92, citsvlar
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rini3 o4
obj ect handling system6 is configured to nove a portable stage 609 within
interior cavityshape andsizeRphgle Plthrough whish ageytehle sirgs689 isteccivpdt Wireisnet in

use, a cap (not shown) may cover hole 91 and seal any light from entering interior

cavity 44. Circular bearing 93 is disposed between imaging chamber wall 103a and
wall 92 and permits rotation between the exterior fixed wall 103 and moveable wall

25 92. Circular bearing 93 permits rotation between the wall 92 and inner collar 95.
Cumulatively, bearings 93 and 94 allow hole 91 to frace a circular orbit about a center
datum 102. Datum 102 represents a fixed point relative to the motion of stage 609 and
a common point for imaging the sample. Bearings 93 and 94 also allow inner collar
95 and stage 609 to maintain a constant angle relative to exterior wall 103 while it

30  orbits datum 102. In one embodiment, stage 609 remains hotizontal 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 coflar 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



conprises a track 504 and mani pul ator 502 for noving stage 609. Track 504
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| at 5 | I ystrat ed t
058 hnd sensor Ga o IRl RPN G s 4B sadivie o1 erddn@rtsetngm? wal |

92 relativetho @Qtl@@pbamhnamvxaﬁ&wl\ﬁmugmlma@iﬁggysteﬁﬁib and sensor 96b are

coupl ed to bearing 4.t o ation of 20 inner collar 95 relative to
wal | 92. In this case, 915189%.1 %r{é) LS EYFRIgy ceutemplaien multiplerwassits 95

control the or tHositipn mmweemgmﬁo%wmgﬁc ut. 1h oSt 12 st age
.609 allows a i@, géggaagﬁﬂ% fléqn ectﬁmgr portions, thereo%mg%@y%gtpéut3
captured by canera o e % g e, e&nﬂﬂé@mpah‘@ré%mwmgm thin
i magi ng chanb&P9 within nmmtr@umtyrzapeﬁtﬂrd ©ahig fobamRast cfH ﬁeésgﬁm%ﬁ. ect 302.

oF mat i on

| magi ng a ggnpl, 0 vi ews provides ad Of e
that hel psqgw | g“’éﬁ%rfjﬁ ’fg@;ﬁg %Jmﬁﬂsg’ﬂ‘flﬁ%wp%l Spﬁwaremmmmﬁmfa
addi ti onal i nf desimad icmatlondymgd%ﬂltd:ﬁoﬁpﬁiﬁoﬁé i%rﬁ;gBrs hOGERSH LUCL] ﬁ{}) nodel s

Ing a nore ate 3-D

stored in soft her eby provi

representati on%%&?%[& d?mﬁéﬁ? B{‘}Ftéﬁt%irm zpegmtwﬁéamd@moﬁ%ham cavity
44. A variety gdupdﬁdrm’eeaemgm;bcoﬁﬁol%ﬁh&@@\ﬁur ul.a 502 of fer
an end-effect O{;VhHOSI t oa%bn% scherres sui t abl eﬁ?%%ﬁv%ggg’%}%%oﬁlvf@c@?’age 609.

SERFPRYO 8¢ pouplsil tahearing 04 @wontrd rsthtiortdtat  al | ow

One compn schéne &

upstream j 20 ntmnemoﬂi&@srfam\rwb%lwztmtﬁggg VSRl 0Si ti onl of
stage 609. One g{%s re upstreamjoints in ran 63% r%@‘ée mﬁ’é’ﬁssﬁ’@ figured

to nove stage ol s Ao pesitiensdstagpabont @@dldalluat ween chamber 12 and
Moveable stage 609 allows a light imape of the object, or portions thereoﬁ to

be captured by camera 20 from different views, angles, and positions within i Imaging
chamber 12 - without repositioning the posture of the object 302. Tmaging a sample

—-

25  from multiple views provides additional information that helps build a 3-D internal
light source representation. The additional information may be used to constrain 3-D
reconstruction models stored in sofiware on computer 28, thereby providing a more
accurate 3-D representation of the object.

Manipulator 502 positions stage 609 in cavity 44. A variety of conmmercially

30

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 upsiream 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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12 mani pul ator 502 effectively seals light fromthe exterior roomfrom
entering into chanber 12 when stage 609 is within chanber 12 (FIG 6C).
Mani pul at or 502 may alternatively conprise linear actuators oriented
substantially perpendi cular to one another and attached to an upstream arm
506 of 5 manipulator 502. Each linear actuator linearly positions stage
609 in an orthogonal direction. For instance, a fi rst |inear actuator
provides verticgl, cond i near actuator
provi des hori zont al étgéﬁﬂ#r%%‘je eﬁs %‘?ﬁgrtn eemeﬁ?’ém“f”i %I’Pedt ®act uat or
206 has a rel at¢ha@b9r @tvdtmtstagﬂs609pthiunmhaaﬁHea¢m&dGI$C)an upstream arm or
base i n mani pul at or 2 portijon capabl e.of, vertical |.ine

transl ation. The 10 hga(e}n Iﬁg 5%2 W?]grcm?%emmﬁ%‘%m@ OFightg | vel y

stationary port substalaiallﬁpéipﬁdionlat toeont briclier atd ARSHedAE bihdis@bandateh ST t 1 ON

capabl e of rizon ransl at| third |inear actuator may al so
be used to Pér)ans’"c tgrt%%eﬁ%g’nfféf‘%wqt‘érl mfﬁﬁm?émg?soﬁ%a erhegaal st age in
and out of chandiestich? FéHinaagh, afmﬁt&m&alactﬁéto S¥TikdsSreftfcal @i‘u dﬁ'fdr'sﬂa r

~actuator sui tabé for use Iﬁﬂ%gni | at or, 5?5 is a LG uced Thonson

15 Industries ol POPE 2eont REOVEleR | rg}%ﬁ*‘@?ﬁ*‘ﬁ“’ﬂ%lf@d%s’f%ﬂeoﬂﬁd | oop

posi tion cont r ofirstflinearsc@mgidr Hhask E'élldﬁ?elbr@iaﬁéﬂa%l’ porfdVitfa¥hett 4o alMsBeam
specifically, a user, V|a co .inputs gne or nore posjitions for

stage 609 al ond*RaE fhTERRPLR @W@@H@P cppebls of Betieal finsas franplatiom He2.

Al ternati velgy, s‘e&tﬁdhﬂé@ractaayrmeﬁ/dyd@v@afélaﬁw StafElyS bR AhAGE1PHInLE! ati ve
to a fixed dat Lim 102, 20 Software incl uded |% conput gr 8::l t hen 0convesrts t he

vi ewi ng angl e e 3EWALF gid %Hogﬁpgicgpabfecﬂfh%aﬂn%hgqaa‘g@ls@ggmﬁ@rrﬂﬂmgarcur rent
position to th@cﬁe@fmejﬂam@séﬁsle@fama&{g&t@%ﬁgem%meﬁom a%lﬁaﬁﬁtotlﬁ&eaﬁ uat ors

for mani pul ator_ 502 receive the control nals provid by conputer 28
and position stiige ‘B@‘@°&EWEFP\’F§I1§/th1‘Wh|hBI§ 4t S e@@mlmf@nemmnpm nt in

mani pul at or 50 2icHRr éﬁ!ﬁhlﬁ@ﬁrl@eﬁ%ﬁﬂu&'ﬁbr%@f'ﬁoﬂﬂ @3131% '3 i cation 25
with a processqr_ conputer 28 to facilitate p03|t|on % and control of

stage 6009. 150 dhdusirivaed gt Wydhingten, Newslgfeabl e for use W|th t he present
ventiion are. avai gl | ichRXGPRR BALREH GHBIGPlo BlBTR Iy oSOV o

|ight imaging systens suitab use Wt on are
described in c&ATidyMewwpecifeallyi awger, viaSompeterd®; mApﬁannmttmmpmmdmrfor

09/ 905, 668 entigbedog eMiﬂgtds %t%ﬂl@ﬂ&%@g%@fﬁ%?ﬁﬁ&f&éﬁuﬂ 107, Al lys ol son_ et

al. as inventors and filed on Ju I magi Ng Sys ®t abl e
for use with tw&ermaé@mdqmv@mgmgl@foestagﬁﬁoﬁwlams@aﬁmwamm lﬁbrmonl y owned

hopar atus for 5o Teaniioa ayeiiball 78 fien bolspiednd Pt spbig Bl corl®! 88T

for moving stage 609 from its current position to the desired position. Motors

=i

included in each of the actuators for manipulator 502 receive the conrol signals
provided by computer 28 and position stage 609 accordingly. Manipulator 502 and
each joint in manipulator 502 may include a position sensor in logical communication

25  with a processor computer 28 to facilitate position feedback and control of stage 609.

Light imaging systems 10 suitable for use with the present invention are

available from Xenogen Corporation of Alameda, CA. Several light imaging systems
suitable for use with the present invention are described in commonly owned pending
U.S. Patent Application number 09/905,668 entitled “Multi-View Imaging

30  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 finther 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. |

13



et al. and filed on June 25, 2003. 13 3. Secondary | nmagi ng Systens In one
enbodi nent, the second imagi ng systemis a magnetic resonance i nmagi ng
(MRI) system FIG 3 illustrates a nmagnetic resonance inaging (M) system
5 300 in accordance with one enbodi ment of the present invention. M
system 300 typically conprises an MRI nmachine 301 and at |east one
processor (such as a processor included in conputer 28 fromFIG 2A) in
digital communication with the electronic conponents of MR system 300.
MRl machine 301 may vary in size, shape, and configuration, and sone

nodel s i ncl ude mpen&m@@mmg@@ﬂemri cal sides. As 10 shown, MRl nachine
301 includes a hori ont aI Iaﬁj&cavi y 303 passi %%hrou h a magnet 304.
In this case, cavit quqn‘iré‘tfﬁ@lg BCHGIGINANCEce 307 of

.MRl machi ne 30imbging tmgagdfenﬁaue ﬁﬂlﬁsﬁa@ﬁbﬂda@ﬁeﬂﬁ@é&bﬁdﬁc@%gir@ (BRI Psysemnonl y
referred t z;pbhe bore of .magnet. 304. An object 308 to be imm ed rests on
th

a stage 310 irsacchidaneg withoge ‘?‘B‘b‘lﬁill%?nt eLths pipsenpinventopMRL iglem %8g syst em

6 positions stagfic aﬂ%@oﬁﬁﬁke&%ﬂklﬁﬁ&h@@l'aﬁd&ﬂl%{&ifep@(ﬁ:\éésbb’ﬁs&gl%saThe type of
exam bei ng perfornmed determ nes whether_a manmali an sanple 308 goes in

head first or fPEXEsSPTingludeda compyior£8 fomFlloasA) indigital eraumpigstion 8 theney are

posi tioned. negchbifc §ﬁﬂimn€nt99ﬂ'l¢dkt)®sﬁe& 306. MREABGShd 31 nfhy vaRSn §88) sRipeOT
i socent er of the magnetic field magnet 304, MRl scanni ng can begl n. MR

machi ne 301 mayo@ aaomg%@ﬁneae@ﬂsmhda@awm abthe sylingrica] sigpods 20
60. 0- t esl a,jgor sﬁ&ﬁpmlﬁ&(ﬂﬂe@oﬁﬁ%aes@%nQ&Ralme%ca\)x@'snﬂ &ﬁgg%&%ct% pul ses

of energy produce by magnet 304, MRl nmachine 301 sCans and

portions insi daagyet %Fd@@éﬁ%ﬁ@ oV 30 Funs faough miszact 30H S a;ftﬁnhfa%%ow nt
bui I ding up a %n@ﬁachﬁle@omeg&ktfmwﬁlxﬁe}ﬁcaw&%@%hém hfih) fves the

processor 2 in'electrical conmunication
magneti ¢ out puto @Prﬂie b@'é phmagncbiP4s Ao pbiget 88 ’Ml@r@a@g regisen adegeGig thabis

t te th %} t;]gcﬁ,trn del VR
!sgsteg;naBSO prGOV es a ﬁ%ﬁ{ ?1130? spat I a g %} tion rg{e‘lgé?tlllavaga?oeofher
i magi ng nodal i hiset 30ﬂ113h-%lﬂ%®eity HBodbepe mebelsgmr&msd)detﬁaynebe used to
assist  3-D i %tethﬁxegﬁ%hfaﬁﬁ#éa@gleﬁﬂg %?es nﬁﬂeaﬁﬂﬁ?s‘iﬂgfé?ﬁﬁxgtbé{ \%iﬁ LEREgSent ation

useful for 30 converting sur g em ssi on
repr esent at i ondntp fiteanagakt 304 theyjereqosiBas:d. Omephmwbmorttmow senedidinne 2- D

or 3-D spati al g[w -D functi onal
I nformati on pr 5]%/6{1% %P'gﬁk(fé@nt%ro‘}\(ﬂeqﬁ%ﬁ ﬁﬁ{%f&éﬁ%%%%%gup eséb%%[gﬁa?ﬁe@mabi lity
to track a bi ol ogi CMRIemchmw@]fmamr@Ie)sa mugieh3P4tfiven about 0.5-tesla to about

20 60.0-tesla, or about 5,000 to about 600,000 gauss. Using radio wave pulses of energy

produced by magnet 304, MRI machine 301 scans the object and portions inside by
proceeding through the sample’s body point by point, building up a 2-D or 3-D map
of tissue types currently being scanned. A processor 2 in electrical communication
with machine 301 receives the magnetic output and operates on stored sofiware

25  instructions fo integrate the scanned information and create 2-D images or 3-D
models.

MRI systern 300 provides a high level of spatial information relative to other

ind.aging modalities. A 3-D model produced by MRI system: 300 may be used to assist
3-D light reconstruction, e.g., to produce a surface representation useful for

30  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 fimctional information provided by light imaging system 10.
Coupled with the ability to frack a biological entity of interest using the
bioluminescence techniques described above, MRI system 300 and light imaging
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bi ol um nescence techni ques descri bed above, MRI system 300 and |i ght

I mging 14 system 10 all ow researchers to nmap progression of a biol ogical
entity through a particular internal portion of a sanple 308 with
previously unachievable fidelity and salience. In one application, spatial
I nformation from MR system 300 is used to position 3-D light data
relative to a specific anatonical structure of subject 308. For 5 exanple,

t he physi cal wi,thin a mamal i anpl.e. 308 may be obtained
from MRl system %g%%L geaeaf%‘e%‘?%‘apaﬁ,r%f?%%‘l‘{}l i’é’&?ﬁ*@’(%&iﬂ’@l‘@% ght

em ssion fromt lperlicuﬂlmnteprad)ymﬂeﬂofmwamplg BOS With gteRusly ShRRwBle ARRGHANY ONn

the magnetic field st husdln stem 300, there may bé ferrous
metallic lim tat‘.%‘flltl)erl%l o g%%‘%c?fpﬁlfé BHogsMBesysten 0Pisusedie, st age

10 310 may be deusiich D mydétﬁeIaﬁ%tomb&hﬁd &aﬂ%ﬁﬁ&a?stmbﬁlr@d?gﬁﬁjéd‘?@% %Qnet 304
- such as a re5|es ég s}y ga%ne% t hat j ncludes on/off confrol - be
shut off durl ng é%{ﬂ%? © RV pRP Oof adpmonypyth §9§t@4¥%’6¥§%¥m1%30f8@3me vmth t he
present inventi ebtairsd fio@ MRDiERm 380 ARNQEd AVAbk aRlufatdiy REBL-AK 8D ﬁ%}QSpI n of
Billerica, MA. In.another_ enbodi nent, the second imagli ng system8 is a

conputer 15 t onSGFHFRTTOP e FgT ’@’Wle%% ighiimaging sygem 6, NRI nmachi ne 300, a
CT systemoffers a be@ﬂdingmgkheqﬁagﬁ@@tﬂeﬁlmbﬁg@ﬁg@gﬁMmgyg@ Onﬁ%%qnépnbl ned
wi th functional f or mat collected b ht 1 nmagin yst

illustrates a bPB OP%‘HP%@@A%W% a@ﬁpclafegwﬁbgmsyﬂ@pwgaﬁhﬂm(@ﬁ), stagy st em
600 i n accondange} Mk is»emgdeﬁgﬂdpe t system
20 600 corrprl ses an j)((-r%/mlCCD cangggnéé(gil{léﬁ;agtso j%g(ggﬂ’ %%@%%sts et 604, an

array of m crof Helfivelasemugmeidhat duplndeserioff portrobaeny b@@@lt offidpgng sangpial| | ng
System 004_post lrksafs. ORIMRPkBh: A4 54NN, FRALHABIE, BIASS.HE0 1 @

recei ving area such that X-rays emt caner a elrthrough
the object 610.Basgeoavalighle fipra BrakenBioBpin of Blriby MAe ni crof ocus X-ray tube

Al r By B08 o T ocessor e ithhion. &9 LOMHARL SIS ERGND1 ! hese

devices and_runs instructions from store o ¢co

em ssion frbm clomogerey tngde (Chbyktemofimdlanio MR b achiner360,tal Psyseasdferdat a
col l ected by thﬁ dlqiz GHE éf&ﬁxnohu?ﬁcﬁ&rgge 9(811 qgvgﬁlyiﬁ%c g}&a[ OOC%l ields a

series of X—ray ross-secti ona
intensity profi ‘F‘%@FQ‘&@Eh@M%&nmemyﬁl cal |y processed using 30

reconstruction al gormg;hg_rﬁ e resent| n
t wo- di nensi onal slice, lu% aq{l&gq‘?poﬁgﬁ %%PO%% lgg to% 8}’&:3(% scanned
Wi th X-rays. Ea%te@cﬁoﬁtm mcomdhreces‘hﬂl@ae embwdm&pmﬁﬂﬁ presertt hﬁeﬂfﬁ&he@TajzstéiﬂnSI ty.

Processor 688 rapudiiphitstad 32 LRl 6l(l)E| &l bbject handling system 604, an array of
microfocus X-ray tubes 606, and processor 608. Object handling system 604 positions
an object 610 resting on a portable stage 609 in a receiving area such that X-rays
emitted from CCD camera 602 pass through the object 610. The X-rays are then
received by the microfocus X-ray tube array 606. Processor 608 digitally

25  communicates with each of these devices and runs instructions from stored software
to control X-ray emission from CCD camera 602, position sample 610, and to process
data collected by the microfocus X-ray tube array 606.

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

30 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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I mmge and details in the order of 1-10 gm can be detected with m crofocus
conputer tonography and industrial mcroCT scanners, yielding volune .
el enent resolutions in 15 the mcronmeter range. CT scanning is particularly
useful to reveal internal anatom cal features and portions of living and
non-living sanples. CT system 600 also permts acquisition of 3-D vol une
and/ or topology data. Consecutive cross-sectional inages can be stacked to

forma 3-D i mgahohidoRQEd kiR, A ﬁ le 610. Scanning the entire sanple

610 pernits a fuf[g%ﬁ\éol unetr | cb(f;lrgrsége %ﬂvg’%l%ﬁ@ﬁ? l.lseé?@ﬁie‘ff’g]én@@ pigyEca at a,

instructions in Helideposions pidivingrnd yedtliving kimydespar t  boundari es and

create conputer nodels I | ons.. .of eptire sanple 610 or

particul ar portions of %ﬁ%@g@?&%}%& q&%ﬁgﬁf@-ﬁ@ﬁm&gmﬂ@; togelegyiiain t he

present i nvent i(oAstcytivemsosyisetio@Afinazss m\mlsaﬁ&dt@ﬁnﬁasqaﬁﬁg%r@rﬁgrﬁqu Ri dge
Oy Ul -

National Labs 1 R . S Depar nt ., of Energy Battell e,
LLC. Similar toQ)I{/RI sggfbéfﬁ‘q%ﬂ%?%ﬂ‘%&%&eéﬁwm&@gommﬂmgmmion.
spatial infor mimiloRronhtse 3dbimpke data tisstrhetivas iRBvaicREEIBHIRRA by
o assi ot o b | PumeaRsl oftud it oodRly S ot kA piivseple tH0or nal
e T e T ht s pareaat ot o et of o SRRl BiteARPRL Bl 2 O
etailed light ¢ .on rn internal _to the object.
processor na c%ﬁ’%ﬁiﬁozﬂg@%ﬁ\@?méé%x% E%%?%F‘%er&aﬁéﬁlﬁ 8rPakdrided MafbnphLaBT syst em
600 with 2- B0or n@naef dorthd GSabepartfeiit o Bhady By OYiMlRgnLyr b ght i magi ng
system 10. Thi s abi Ié. la;tomégséﬁan 00 to @r oduce’ hi gh-resol ution
spatial information tor 2 H =£‘?§3’FQ§W P poxides ehigh esplutiosghtisl t o
reconstruct hi gmfmmthmohpmluﬂ@mmmmﬂmmoﬂ%&ﬁ&eﬁ%g héihRour ces, or
a source di strigg{ei isg];i d% a (Iéjru\éi ng _ani mal subject. &t exgngl—e,
t hr ee- di mensi onal f“?@hf“‘ {updplaroduecd b QT system 600 ngy e usedifo besishBDrkigd Wi t h
3-D structural fendmtracton oy 6 pRbadad S &Rtéﬁa&%?as@fg ohQusR ggluce a

detailed pigture of .biological activity of an interna organ.orThi S
conbi nat i ong ofcogﬁ?ﬂ‘fl%fmﬁﬂﬂhﬁiﬁ%ﬁl%%ta forfletsilpehlight repfesentisionsextérnalencol ogy,

i nfectious di seaten?h thesligar AproR88 X REEES: 9! S h,. and toxicol ogy,
for both snapshot bé@gjé@gand Prélrmg rggagi oﬁﬁ?d?gc {;I%’Sﬁg#\?glg"g%fmﬁté ci ne

i magi ng syst eng” 8" SEEmaY or ddyfonetionplrinfotrdtion pervided Do ligRy

i magi ng node t dmagialk syshsh & TAR aBilS6 li-an_ _hody. Nucl ear
i magi ng systens gﬁi\%%g adi_oactai Ve sigggg%gggo@ﬁ%lilgf'léea‘?qﬁ%%ﬁp%ﬁ%
particles havi Hﬂi% P Beraplgertionnd sumee 610 iruseiul semsarnstudt high dleflect t he

radi oactiveo suishatessnendnboRbit 1M 8188 3ra %ﬁpc\é%g]s%b%ggrla, ix?s?cfel ael?\;ingmdi cine
| magl ng systens . . |
animal subject. For example, three-dimensional light data internal to a mouse 610

may be matched with 3-D structural information generated by CT system 600 to

produce a detailed picture of biological activity of an internal organ. This combination

of spatial and functional information finds use in oncology, infectious disease
25 research, gene expression research, and toxicology, for both snapshot imaging and

progression tracking.

Nuclear medicine imaging systems 8 give researchers and imaging

practitioners another imaging mode to look inside an object such as a mammalian

body. Nuclear imaging systems employ radicactive substances that emit radioactive
30 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 radicactive elements to
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I ncl ude: positron em ssion tonography (PET) systens, single photon em ssion
conput ed tonography (SPECT) systens, cardiovascul ar inmaging systens, and
bone scanning systens. These systens use different properties of

radi oactive elenents to 16 create an inmage. Nuclear nmedicine imaging is
useful for detecting tunors, aneurysns, irregular or inadequate blood flow
to various tissues, blood cell disorders, and inadequate functioning of

organs, such as cteltgraf ifaed Ndudpiak ary-funct.i on efjciencies. Any of these
nucl ear nedicine | rrggi nggasyst en@%ﬁ%ﬁ%&}%&f W@Mg(’cridﬁt@“?gi%@ﬁr@e@y%mem 8
that conpl i ment SR ¥pBadeamatediendoliont ionetiowsniatucs, biood BB didfderp gguced by

| i ght imagi ng sysiehGmchtin g@! Ty elels | i.ght . inagi ng_and nucl ear
medi ci ne i magi ng? g{l}h_det ect tgﬁar%r |’r§uona(5:§?y5°d and pmenary finetionF| G 5

s har 25 o TR 1S L SR g oo R et inyih msRa oA MR 0T

object, or 10 a gg{gt%?on £ %}lgﬁéﬁﬁr}wﬁl& Sé’?:tt‘qi ﬁ‘@j}/?réﬂiwﬁiﬂl% infermatioed from

radi oactive subBPaiedby light irhapingsystod)i0ckor eﬁdﬁﬁﬂ@b%bﬁhﬁﬁﬁgﬁg%(ﬁ&[&gﬁ ed
a

into the objectymedfide R15; ldy tagged with a radjioactiv om such as
Car bon- 11, Fl uori ne-€:¢L8,al % rﬁip%ﬁ%f“% “?\?Wgéﬁﬁ’l’!ﬂsﬁ}mﬂhat has a short decay

time. In a PET scanFlgHeillodijaes imiging apaehgth Wk s@tehagi Lyve .substance
and pl aced on aelﬁﬂoafnleﬁffﬂﬁeﬁrgén{ﬁqat .nove g'tn incﬁlgfrent_g%ﬁéagg‘:’gﬁl%oﬁeubul ar
15 receiving area 405 of a don Vené‘ﬂ%tr%%g ST Igodugs imdgessifag oljeedt, @ont ai ns
a circul ar 1%9arﬂmﬂwh@elf,dm&mecﬁmgla&ia&&&nﬁﬂé&frdnﬁ‘?idi&l@t?ve%u%‘?afmg i 208
FEiihe .

scintillation Ghys: h, assocjated with a photonul tTpl
The crystals convﬁ%kgges%migﬁ?%?gesfﬁ@’fu“ q g obirginandrasd wealiyhesgetjwethta 410,

to photons of Irﬂ@‘bﬂcﬁvﬂmmﬂisi@ﬂrﬁcﬁlﬁllt,Fﬁ@ﬁneﬁfk@oxg%ﬁgr 511@1'%93%%5'5@'?, {h% t he

photons to el egt(} l.gnal s. These el ectrical Signals are
processed by a%%)gr%%glsté%?agiuﬁw ﬁ@sw&'&ﬁ#ﬁﬁw@wmwwmm@mom tiplier

tubes that i s sethtammdepthctdorgena AL 402 RISy an el.ectrical
;sihgnal s frgm p@&gﬁ[ﬁﬁla}eig%ég%@touﬁgg 4%18].1 Sta g?%g%r.l S %ﬁm%@ u]Pﬁ_roug_h
e tubul ar recel'viAg ar Atd StaRed haypiag 484k Housinpfisatoatdins heftlléd Ng i n a

series of thingghingeyidewgesartiy 400 R JQUESr @il §LA % [tion of
| ' h these' 25

interest (e.g. n,, chest, liver). The processor as 1

thin slice i maﬁ%ggi{t%{WﬂéaBIFHI‘@E‘JIBPWH&G&H&ITIIPemtelsenmaﬁigamfmtsheg,i nt er nal
portion. PET ¢mitedfbindasiderthyonisefiug i i 18l meges. of . bl ood flow and
ot her biochemigal . funct il%,né,;]gependitélg{oa%%gﬂtl%(lta‘rt?lﬁggm%‘fﬁ%?%ﬁﬂog that is

radi oact i \Clze{gy 355%8% aﬁ%’lll _3%1’1%?, to thtﬁpzﬂﬂi@@@s- Tasesleotticgl siigel ardRyALOl | sm
158 oG, B oo AL et
ctrical signals from photomultiplier
tubes 408. Stage 402 is then moved through the tubular receiving area 405 and the
process is repeated, resuliing in a series of thin slice images of object 410 over an
internal portion of interest (e.g. a brain, chest, liver), The processor assembles these -
25  thin slice images into a three-dimensional representation of the internal portion. PET
is particularly useful for providing images of blood flow and other biochemical
functions, depending upon the type of molecule that is radioactively tagged. For
exa.mple, PET images can show glucose metabolism or rapid changes in activity in
various areas of a body.
30 Single Photon Emission Computed Tomography {(SPECT) is a technique
similar to PET, but the radicactive substances used in SPECT (Xenon-133,
Technetium-99, Todine-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 radidacﬁve substances in the
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simlar to PET, but the radioactive substances used in SPECT ( Xenon-133,
Technetium 99, |odine-123) have | onger decay tines than those used in PET,
and emt single instead of double ganma rays. A SPECT systemis well
suited to provide information about blood flow and the distribution of

radi oactive substances in the 17 body. Its inmages have | ess sensitivity and
are | ess detailed than PET images, but a SPECT systemis '|ess expensive

than a PET syst t.ively.
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be 802, 80 | 08 d di 810.
(1 £ asound S5st em 08 b b ShPPEmErtoe fieabt Bee R § cmpess aishiand 2) 10
S(ﬁund pul sels |Emmmﬁlspstﬁﬁ.l0?ﬂ}sﬁ‘ n@stméaﬁﬁuﬁ@%gnfhﬁgﬁlg&gﬁeﬁ%@ﬁﬁc%d&%?d waves
that travel thy S e 610. and hit a boypdary between tissues (e.g.
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anot her boundary an flect Probg&&%& etects the refl ected waves
and relays a corresp 3? SEgRA uengy (e-grnetoPomenshest®) of probe

802 det erm nes sduﬁdfml&isﬁh sshqu @Wush@ﬂioﬁe 8012 Pfobe Q0LRMYraRE s&iMa W06k tRgund
waves typicall y de d the

W deeg e sound waves penetrate an
resol ution of {fg’ 61(9@@ Bitf Serndam betwsen Peuede-gdaiusea il andd

recei ves sound Qw\tﬁmeyﬁﬂ’t%sudlineb %h:{e's@mﬁfﬁa%sh%ﬂec'fgﬁck%ﬁfm!e 802, Rfabe 802
may contai n one r g cry st al el enent s, and in nulti -el errent pr Obes

each crystal ma?} g‘ﬂih?rémgmeﬁe?‘@ﬁﬂ?the%%@élgét@ @ﬁ@n?robﬁ 8¥es 802
al 'ow an ul tr as@fdcts t@@@ﬂb&t&i Wes flISEHR @coﬁ%spﬁﬁtﬁ%gé %ﬁl totﬂ}S’ceE %MThQ whi ch

each el erren{ is_pulsed. In addition to probés can nmoved acr oss
the surfacelbf LapeAfaebe®02 dejerninss &bégldaﬁzwwewhﬂqﬂlﬁ ﬁwemymfemn#admgtmdan

openi ng of sanpkgebhPicaly t%termﬁr%%%ﬁ@e ORAg %}estpgn&%ﬁe dall %erésog\glgﬁ g OF 9an

bei ng exam ned (e. & prostate gl an st onach Processor sends
el ectrical curréfgsdaty %waé@whatob@ic%@?egeﬁm@s %imwvmawdwwms and

receives el ect rjigableRh 88std FGBx @Qﬁr&%%ok Bﬁg oA ofid H3la9  the

returni ng echoes. Processor 804 ca ates t stance rom probe 802 to
the reflecti nflawmisasnd ismuliinindanemsgrobes, gach coystal weyiachude s gamyiranti ng t he

speed of sound jNidiipleldEh ééb&%ﬁ%ﬁév?aﬂh{ms%ﬁ bEah B PRy Rd the

each echo's return ( usual |
the timing in which each element is pulsed. In addition to probes 802 that can be

moved across the surface of sample 610, some probes 802 permit insertion through an
opening of sample 610 (e.g., rectum, esophagus) to get closer to an organ being
examined (e.g., prostate gland, stomach).

25 Processor 804 sends electrical currents to probe 802 that determine sound
wave emissions, and receives electrical pulses from probe 802 that were created using
the returning echoes. Processor 804 calculates the distance from probe 802 to the
reflecting surface or boundaries (e.g., a tissue or organ) 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

30  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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30 order of mllionths of a second). Processor 804 may then display the

di stances and intensities of echoes on display 810, formng a two

di mensi onal image. Processor 804 nmy also be included in a conmputer system
that contains electrical power supplies for probe 802, including any
anplifiers and signal processing electronics. Processor 804 may also store
the processed data and/or imge in nenory 808. 18 Probe controls 806 change
the anplitude, frequency and duration of the sonic pulses emtted from
transducer probe 802Fr9bF sprarolsdiVp change e empliwde, fictusncranddpstion ofithe dpicset  and

mode Tor Syst mia0n T et oy eaateel oty 02BN oB X8 e R el orBha G
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Sanpl o 600 10 arDrE ) HEHblEhe do R e I R R AR Bl e o 1 <
t hen conbi ned bycadditionaand 297 or 2B imagareconstyuc8@8 to forma 3-D i nage. Sone

ul trasound i magi ng s er. 2-D o -D. ial, i e resolution
of anatomi cal and phy‘g%ag(?@(giiégsaﬁm gﬂ“ﬁﬁpﬁ?@ge g'égwuﬁgﬂl%aﬁ%ﬁgﬁ’ﬁwﬁ
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performvo J S s . determ.ning a.tunor vol une.

U trasound lsﬂggt ?n%%%ggigg'%%mfl 3?0%8‘5 e\m‘t’ﬂmi‘%élmﬂ)arlg%téfﬁ ?W&’X‘Heghyw?inﬁcl ude
the Vevo 660 astoppdowinsmdrytBps Y6 &mlasqmm@emonﬁoﬂmb@diﬁagmg@steh&sfso@sound
systens 800 are sg rehatively inexpensiyve, a.conbined ultrasound inmaging
syst em 800 and Piﬁ%]hzfﬁﬁa%l’%aﬁé‘é%%eéﬁﬁ" o?ﬂﬂ?a@fn? ad physglogieal siryaiTes - node

i magi ng al t er natibwieto WnidronfXkh adfitidnpntiet MESviSY bBMrARzZO Riutiple aﬁﬁﬁﬁ?i ng system

noves the objec 0 .he i ed. between the light inmaging system 10 and
second i nmagi ng éla}l 5é gg?rga OIW’:[‘TaF‘HW?g%é@%&ﬁdﬁﬁ“’é’&%aH‘é‘ﬁﬂl"Plﬁﬁwsyst em 700

ih n gfpor dant® 'Mtraganﬁ sﬁl?ﬂdiuifﬁﬂé fogflseh{?l&;gﬁ SRoRt inketiBA tla MeludStleBfdvo 290
an 1 ng syste {ra el 0D] e etween an I nterior caV|-ty
of 25 |ight in%ﬁ;‘%gg PERrd e@r‘?ﬁ?’g%‘%ﬁﬂawémf@éf&%i d3r Eltrasqynd systeps$BB aisd i nagi ng
system 706.  Cbjlecteliaeig irerpensiy&tarmbRiod 61003 S BsaghRXR4th 86Pind 18 and a

|l ed to mani pul ataor” 708. Mani pul ator 708

portabl e stage . 710 detachahl ou ! .ataq
posi ti ons por t aBfFEmESEYRn 16%@‘%&%{? gl“l"ﬁﬁ’f’tst RGeS igpaingaermiivand t he second
i mgi ng system 706, and may-al so provide precise positioning and
orientation,pf portable sfage 710 within the inaging
An object handling system moves the object to be imaged between the light
-imaging system 10 and second imaging system 8. FIG. 6A illustrates an object
handling system 700 in accordance with one embodiment of the present invention.
' Object handling system 700 transfers an object 701 between an interior cavity 720 of
25  light imaging systera 702 and a receiving area 704 of a second iméging system 706.
Object handling system 700 comprises manipulator 708 and a portable stage
710 detachably coupled to manipulator 708. Manipulator 708 positions portable stage
710 near light imaging system 702 and the second imaging system 706, and 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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30 or receiving areas of each system As described above, each inmaging
system 8 conprises a receiving area that receives object 701, which may
al so correspond to or conprise the area in which the object is inmaged,
such as the tubular cavity 303 of an MR nmachine. In this case, handling
system 700 positions object 701 into the tubular cavity 303 and sets
position of stage 710 and object 701 for MRl inaging. 19 Mani pul ator 708
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posi tioning of ,aohject ok ' | It f lmagi ng chanber
712 or anot her Ilgmagéﬁ(j s%c%%g%{s%&%ﬁcr&{%&aﬁ%%%l uesut%?ae/lﬂtoé%ovtg e P%Sgcfoﬁul ator of
FI G 6A posldi onrmipulethe7(Sond fislagtostated draclnintenface H6. Clectivedys manipglasr ¢68 i n
accordance wt frpﬁ@j n Lavention. |1.n, thi. ase,
mani pul at or 70%%2%?% 0 bﬁﬁgﬂ%ﬂa@éﬁ °*'§%“§’t%§ %"éeréa?%lée SApIEe %dz)lh%&lgtyg%nt ral
axi s of the cylppdselxpdsitivennd efientportable stage ”R. | nagi ng system 706. Portabl e

stage 710, which is to,.the |last.armor .link of, 2
mani pul ator 708, su pdf)l’gér"?g 0 g | %%%‘%’%'ijﬁ%haﬁ 159 %5@?%18% tﬂ}'d’rﬁ‘qg}serfﬁ’ﬁﬁhﬁﬁ‘flﬁ? r 708.
Stage 710 ref esbgect@Plewdiiih thetinterorycatityatf imapidpahember 702 bi abolier inadpliy sui t abl e
to support j e 0 aodi e g ne stage 710 orts
obj ect 701 éﬁﬁ esg’%:tﬁlzi #IB.%I %llﬁé}%%eg %Oe %%“%qriok f'q %Zﬂ??%?mﬁ%fhﬁé’@ﬁaﬁg 2%%magi ng
systens. Port ab¥ithis talyBRT 7d6ivingyaraadirpecosiand with one embodiment of the present

' mvention. In this case, manipulator 708 positions and orients portable stage 710 along

a central axis of the cylindrical central cavity of MRI imaging system 706.
Portable stage 710, which is detachably coupled to the last arm or link of
25  manipulator 708, supports object 701 during positioning by manipulator 708. Stage

l®)

710 refers generally to any flat surface or portable table suitable to support object 701.
In one embodiment, the same stage 710 supports object 701 in each imaging system
and during transfer between the imaging systems, Portable stage 710 may comprise a
specialized robotic end effector designed for multiple imaging system usage. Object
30 701 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

recejving area 704 of second imaging chamber 706, and position stage 710 within
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speci al i zed robotic end effector designed for nultiple inmging system
usage. Object 30 701 rests on portable stage 710 and is positioned by

obj ect handling system 700 - w thout substantially noving between inaging
systens. Accordingly, object handling system 700 may insert and position
stage 710 in interior cavity 720 of imaging chanber 712, renove stage 710
fromthe interior cavity 720, transfer stage 710 to receiving area 704 of

second i magi ng chasiveéi 273504 2RH WRBSHIER D e i.thin 20 receiving area
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system 8. Led mar IBS nay° Bcally delgsfable apd distpavishibleo fromitheobgont S0 Irmgersyst em
for exanple. AniRBuilisegesngrosys bardodesy ki ifioni.ng peg having a
hydr ogen soqgcehﬁgﬁé}lt%erogd@sgi nc,f]to_rrat eri aillﬁf)f ﬁ%\?\%ﬂggs;ﬁ%i’?‘%mqg?\ﬁﬁ’g‘g’peci fic
20 enbodi nent, the reterence pesi idrsulehleesanosision} refbrendsi fytiight imginag

system 10 and t hstenr Bf. #heswendapsieterddbe AGHLEE LA secand i gl ng
system 8 i ncl Udﬁﬁa' e §an§ %@tﬁi i on on st_age??%@@&?%&pe gﬁ?‘fp? g system
700 is also wel 5‘5@[‘ SH §- [FESatiesh g pestitaie in onjunbtion Wittt &r-0K spay Ly Of
the |ight inmagi frgesansile AnAART i (st Q8 nfa exterior. wall 25 744
of chanber 712 fl | udes a hole 74 : hat pggér&cegggﬁeo%%peﬁé@&%ai nt o

interior chanber” 7207 SRS Grtber diglnchgaisrialvbbmowroRusityy Irbespesiié | gur ed such

that the i n2eriambodimant,ttye réReencs pssttaldBRELAL by b gL 1INt from the space
out si de i magi ng_chanber 702 To P bby bl imagitlg systemn 10 and the
elerence position detectable by the second imaging system 8 includes the same

position on stage 710,
Object handling system 700 is also well suited to position object 701 in the
interior cavity of the light imaging system 704. Referring to FIG. 6D, exterior wall
25 744 of chamber 712 includes a hole 742 that permits stage 710 access info interior
chamber 720. A light imaging chamber 702 may be configured such that the interjor
cavity 720 is substantially light tight from the space outside imaging chamber 702. To
accommodate the light tight requirements used in a light imaging system, the object
handling system 700, light imaging chamber 702, or both, may include specialized
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 betwesn interior cavity 720 of imaging
chamber 712 and the space outside chamber 712 while portable stage 710 is within

30
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accommodate the light tight requirenments used in a light imaging system
the object handling system 700, |ight imagi ng chanber 702, or both, my

i ncl ude specialized 30 adaptations such as |light seals and other parts that
maintain low |light |evels enployed in imaging chanber 702. In one

enbodi nent, the object handling system 700 and i nmaging chanber 702
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substantially |} ' rri.er_bet l,nt.eri.or .cavity 720 of imagi ng
chanber 712 and{ntg%té’r éﬁlﬁrg‘?tézgu %41 ga%ﬁgﬁﬁ’iﬁwﬁﬁeam?@%sgﬁtpét}ﬁés %ogérb‘ég% 10 is
wi t hin 21 i nt er Wothoatetls plyg, hal. 742 eqbleg namipulana 70hakes Tidteibeavity®ad. ng syst em

10 is not in use. L1-hout. t he I A2 enabl es. nani ator 708
access to interior \c/i!alg}l &; s%_al&hé%ﬂgé?gﬁg{igﬁ%lw Gy °r%}1p‘é%t:°&5l i shed
\évggn_ mani pul at opori&bR sﬁxgs 710 wiiin ifpeiok edirht]? 73{05 ﬁ@ﬁc&&ﬁc%ﬁtﬁbﬁb dnitioRIrhdE 01\3/\2?/: t)7/50
in accordange with.one.e ipent Q e present_inyention.

ext ends arou%d gr%wF%?w%ﬂﬁﬁwq@%g%ﬁ%p impster At ARNg 7o o8B cul ar to
val | 744, VAl | F6f ahdpérpeiiscutir i vedlied44 SHOR 750RENAS o BRflliQRachrsubst anti al Iy
adj acent a rear wall CZ?% on,qan(%, ul ator 708 when pmani pulator 708 positions
portabl e stage DOFEHORPY fROFantllY piateniargaripllZ78 onyaenipelatos 308 wher750 of i magi ng

chanber 712 coopefiil@ord8poskibhspofiiste stach 7&6%1:@%&&@&915@#&0& or 708 to form
a capture space 774, V\ﬂli tends perinetrically aroun the circular

ch ex
perimeter of hol e 74%2lly8apd LSQofdmagingchamhen 11 soupseatewittywallpaiHdqnd 766
rect angul ar 10 cr@ﬁﬁaﬁ@gatbmwm@dr@m\a@ﬁf %pﬁ:é‘”??ﬁ,tvlﬂiich%xftéﬁﬁﬁféﬂin%éﬁ% | ds 748

¢
and 750 opposes_a . vertex B fornmed by door walls 764 and 766. S 766,
764 and 770 on HERFYATREwRctetidoledApdn hiscass. the capiteespege 730 hesaoedanghlari ght

i magi ng box wal dss ddicaMthreribhekes vered RTrbida By P Wi 78RR 950 i ega o
7g4 0 % w thin

conpressible material 762 attaches to wall f mani pul at or

capture space 7%8ex Binpneddyidepravaiintes w769 6Walls e idandi7ghon penipuletari on by
light from thezgbsidte (a8 RkiMhul iS4 Q@twg£%%§%§W&d%ﬁ't&U' ator 708

positions portable 'stage 710 within intefior tca conpressi on of
material 768 cré&dnes ceptyrg seagpdflantial ly "light-ti ght” seal. Conpressible

material 762 thus mALdH, ibtlélﬁatmyﬁaﬁaﬂieswﬁg?@oflni%gﬁla}?#g’b%t‘ |Fls

cavity 720 when mani pul ator 708 positions porta sta
interior cavityapRp sppep HReCeunprowivieanaterial 362 preventd lighy fdeiraion b pigetdidno

7635 of - compr enep Epiehtatn b i g cal o2t A M lalor Y00 Bl ol bl °
conpr essi bl e nefagei7aP withinigieriensavityaia0i eahipyessibw afymaterddl 462 preates on 763b when

o0l at 0 ar. i e Tty 720,
grnr{)Pgsgi 8[2607 n%{l%ﬁ?%{ﬁhﬁ@%gh@@%ﬁ??&gg go%b%gﬁlzlz oWt P s MGl O 2BV Lkt

of external light that enters cavity 720 when manipulator 708 positions portable stage
710 within interior cavity 720. In one embodiment, collar wall 770 is adapted to
compress the compressible material 762 substantially along a first side 763a of
compressible maferial 762 and wall 748 is adapted to compress compressible material

25 762 substantially along a side portion 763b when manipulator 708 positions portable
stage 710 within interior cavity 720. Compressible material 762 comprises a non-
transparent, preferably black, and resiliently deformable material,

Manipulator 708 comprises a front wall 764, a side wall 766 and a second

wall segment 768. A collar rear wall 770 attaches to an inner surface of collar 764

30  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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transparent, preferably black, and resiliently defornmable material.
Mani pul at or 708 conprises a front wall 764, a side wall 766 and a second
wal | segnment 768. A collar rear wall 770 attaches to an inner surface of
collar 764 30 included mani pul ator 708 to facilitate light sealing with the
|'i ght imaging chanber. In a specific enbodi nent, mani pul ator 708 coll ar
wall 770 has a wall section 771 that extends perinetrically around hole

742 when nani pul at or ositions portable stage 710 within interior
cavity 720. In Bﬂ%‘f’ﬂégﬁ’g@b‘tﬁf’mﬁﬁﬁlﬂﬁWétemawﬁzée@@%mmq@ sidspodivgg68owar d t he

body front wall ##4faiga theBHIR bR v-ANAR LD i YorS] portion
763d of the conpressi bgl gﬁnug[_eri a? 762 bet menggﬁg%%ogﬁgﬁggggﬁ‘%i on 763b
t her eof engaged SHYPIEHEPlEBagrial 76hengagadiby tegnanipnlaion 708 collas wdd 7p®r t i on 763 a
of the conpressi bl errRbEihdkatdSAiRNEA4S ih Aol BN ef 08 col lar
wal | 770. FIG 6E illustrat es a | ilggh_tiﬁgi%At@ds%raaﬁuolcé%lﬂg%@éhreﬁance Wi th
anot her S enbodPHEeHmENt of e PRRses vention ddshtitipht sehl ¢ indudghtwoseatpradibie

i ncludes two compfBiaRi &dGnd HBRL R : | ned i.nside two
channel s 77a and_ 77b, res ectl’vei yh%skﬁgﬂ%e mﬁ%ﬁaa&@%%ges%;}w dth of which
extend from manChumst walls78gnd 7% bethofwhich Exteri7fom Ghaipniptor 708 fors: dhaireed by
general |y paral gl : Iﬁ%ﬁ ot h, of i ch_extend from
the front wall 48 g’? C gﬁ}geﬂr’ﬁ%&a s%@g’tpg%tlﬂfﬂaﬁ yelp‘g?lfsr‘?gg?‘?‘gﬁ I’éf"qﬁ@faround
hol e 91. In t hi whishsstendfiem thel frontivall 48ofichamiger 62 witsubstathain peimetridalivhen
mani pul at or 1o/ 08,4 FARE 0.1 P Ly. 44. . Thus, ch el, wall 79
engages t he sea(‘:ljgng CJIO%%I?G.SSI t??%’%haa@g?f%éw%]fémgﬂ’g mt‘ﬁ‘&'fncl WheBn{ ering t he
second channel MEppulblodihertestogeril0in aivity he Thog yhabdeliveall 19teagspepmed by t he
' ol € ] j al 2 2e fill I
por t1on of 1 he. Sho SRRl Rl meof o2 3yl BB Golednd vk smal g e,
material s 62d afem@Resxteriof ofibe by ti4 dintetce@édibyothe tdaend @hpnssble ftgdRPt h as
measured fromt wal ls 70 and 48 respectively. In another enbodinent,

materials 62d and 62e fill at nost about''/: the channel depth. In a
speci fi c emfodi ment , Theatatariall68d 6@062eHH BRea fdrlidn thd MeineRTNbnd Amnt he

w15 78 and 7o RSHRiT oAR e Er e AR e Bl S ind et Ghotdept b, when
mani pul at or  708hiamed 7§ deptt @geeasike irom theawills 70 4448 48483ttt 1akb@ept i ng to
(el udi ng. f ourc ERV BN el pielio it Reiappin’sihe SiprasigeBban sbef or o |
can enter the ispbafic enbatinért naAeials62Matd 620Dt @t ALBRIT, 112 2hkdn8epll ght seal
61 d furt heérO ! lulél,qﬁg in%?enl_llggg%%\;[aﬂsr Sésal agg 5(\5? &lmld c?u?nn%lx\:[vﬁlgc'yéi g?ld 79 substantial
overlap, relative their respective depth, when manipulator 708 inserts stage 310 in
cavity 44. Any light attempting to penetrate the light barrier requires at least six right
angle turns (including four through the compressible materials 62d and 62¢) before it
can enter the interior cavity 44 from the ambient room.
25 Light-tight seal 614 further includes manipulator side wall 66 extending
outwardly from the mﬁrﬁpulator 708 toward the front wall 48 when manipulator 708
inserts stage 310 in cavity 44. In this case, manipulator side wall 66 is positioned
perimetrically outside and generally paraliel to the channel walls 78 and 79 and the
interengaging front wall 50, Manipulator 708 further includes a second wall segment
30 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.
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outwardly fromthe mani pul ator 708 toward the front wall 48 when

mani pul ator 708 inserts stage 310 in cavity 44. In this case, mani pul at or
side wall 66 is positioned perinetrically outside and generally parallel

to the channel walls 78 and 79 and the interengaging front wall 50.

Mani pul ator 708 further includes a second wall segnment 30 68 extending from
side wall 66, and oriented substantially adjacent to the front wall 48
when mani pul ator 708 ]:ggzﬁ%rhs stage 310 in cavity 44. As shown, the second
wal | segnent 68 extE iLAusfrAtes MaRipetor(]A8aesitiening pankabld stagt B0ewitfegi ng f r ont

wal | 50 and t he inteiva@inely 7000t Beht BnRR ¢ &be@?iﬂg%&%ﬁlﬁa}iﬂfﬁlgﬂ}%rg(g/w{efy 720

mani pul at or 708 go%i tioni ng portable st age nterror ¢
of light inagi n§odvantiRge 7349,2nd plieqt AP krestingdbereraningwb dinensiz@Svifiv g por t abl e

stage 710, and ob¢rRetavi@bfi@Sibit : ' L ensd ons. Wit hin.the
interior cavity of the t?i ght ?hrrg%?%ggéﬁan‘greﬁ)rﬁ?@ggS%?%a%ﬁecﬁn*p\l{\ﬂ@;?rl‘?g?

mani pul at or 708MSVFRHRPEEbIE slage0dn & eizpylar Prbit abenta camere of Gommubiiewiabout a
camera Or CONTDAatuinSMbIEhbefAURR § : ¢ he. obj ect ._be
variably and nul T ply | ocgt ed J\?\%?ﬁ?ﬁ?&(ﬁg%gf&@iﬁd%ﬁ“ﬁ%ﬁkcﬁﬁ%rt devi ce
711 transnits | PRibeETA ¢ Heht enspert Hesicedk 1 frapmmitstieht cofijteiot réflecd GoAT@E dat um
associ ated W t hogesidle . ?S?t’] n.one enbodi , the |ight
transport devi 085%711 c%%#ﬁ%gmg%&?%or émg%lgP%t%‘{Eb%?% 1¥0 stage 710
about the conmofibrimentdhelligh transperbdeviiosd) § commiseobineri 77Dthapotids&fifnect

light from {fe ghi al ong the commpn datum and into fixed
canera 20. Thigﬁgﬁﬁg&g&éﬁeﬁgﬁfn&%%@ 38?9? 7‘?2‘08%]'32%6 e°bg(}]tar“8ﬁ%ﬂef’ﬁereof,
to be captured Bght&omgherehject bn sagedilDf dorgrtbe coning, dafiftg) hRBintid RASELI ONS

wi t hin i magi ng Mt hout (repositionin he posture of the object
701 on stage 71?2%%3\%%%1%%5%%&%%%@%'ﬂrd’oftﬁ’gfEﬁeﬁeﬁfg’%}’@m{?ﬁé\}’ér‘i‘ent, an
exterior wall 7eers fromrdgTerayt Ghwsybegles] Al positioRy vwisies indping cRRM®abe i nterface
having a hole 7 .eCcei Ves rt e .St 710 theretbrough, b) a
first circular %%oﬁ%éo%ﬁ?iﬁtg%og @Wé‘???g@t@rﬁta@? Tihenmoring cmeran”  wal |
742 of the HWovedbl e interface; and c¢) a second circul ar bearing 743 that

permts 20 rotation e |1 742 and the object handling system 708.
Toget her, circul ar '%?gﬁiﬁtﬁ%ﬁ@ﬂwﬁﬁ’am?%“ﬁ@”ﬁi”?ﬁ S dmagng shamben il i on -

whi ch el i mi nat emmgpriyesraph atoveable inteifie havinPLhale 24P Gh36RivEd SorBBe s&lgéﬁb@f 712 -
' while nmoving _ in an orbital

and permts stage 710 tq.r i.n_horizontal . .
path. Portabl qu?rgtégnugli,gy) 3%?%9%“?5&3@“&5%@%3@&?&%@@@@%Wﬂbmopanéai magi ng
25 systenms 8 anekllBi2wif theandvestilsintetato)nd d)@ s&Rh@ hcul® bearinp 4 Rhaffi iRl 701,

turning or . '
9 20 rotation between wall 742 and the object handling system 708. Together, circular

bearings 741 and 743 permit opposing free rotation - which eliminates any relative
rotation between stage 710 and chamber 712 - and permits stage 710 to remain
horizontal while moving in an orbital path.
Portable stage 710 allows imaging to be conducted in multiple imaging

25  systems 8 and 10 without disturbing the object 701. For an animal 701, turning or
flipping the animal over to view a ventral side results in a significant shift in the
animal’s internal organ position, which could affect observation, Imaging in each of
the systems 8 and 10 and transfer between the systems may require significant time.
Obtaining a luminescence representation may also invo.lve image capture over an

30  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 proximuity to one or more living
specimens. The anesthesia delivery system is also useful for anesthetizing living

specirnens during transfer between imaging systems. An exemplary anesthesia
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flipping the animal over to view a ventral side results in a significant
shift in the animal's internal organ position, which could affect
observation. Inmaging in each of the systenms 8 and 10 and transfer between
the systens may require significant tine. GObtaining a | um nescence
representation may al so i nvolve image capture over an 30 extended peri od,
such as several m nut es. To prevent nmovenment of a |iving specinmen duri ng
i magi ng, objecty rlse sthe i.a delive
system that del |é\il/i§r nes%%eélgg%&g% 9& g‘fl rusg&lrt%‘%%ﬁ?sf EeREE a&"r m)r e
living speci neqlmcnbﬁﬂm@nnmrﬂwmmddemem@l} SyMananlOéﬂﬁmﬂfumﬁtmheyf or

exenplar - anast RGP JBRIIERE otilos Bl RO AR PSRN Epo e apre
for use with th@eqrgfeﬁﬂg&ttylenwleﬁ]bdﬁmzfafmﬂeaom bed |n commnl y owned

co- pendi ng S. Pat 10/ 08 At t or ne et No. XENOP008),
entitled "Miltiple %ﬁ%f ﬁ&%%%eﬁéi% od g fre leﬁ‘e(’i‘ EI"BGOI’@%’B? WHLE get ty et

al . | fil e;:l gn Fedmtatale yro?@sorzﬁ&ﬁnplﬁerlm;ap%fdtﬁlh%ﬂmg% BER Q[ édlﬁéngyg;negr e
i npl enented in conjunctjo sui e proces ut er - bas
appar at us. Ref ef™ rfyﬁj“" %ngclu@ﬁag i ﬁﬁé} g@yﬁ"’gp ARYSPMORE | udes

-

a central pr ocoROMEBSUNiatddCRcbos dituory GatMpsoy Mmma@m n3@butpiandom
access nmenory (RAM. 356 si on RAM put/out (L/9Q ci I‘CUI try
360, display as F?}"@G ﬁg%ﬁ“&%’@)’flﬁé 23813“ WA €80 ?’@ﬁnsl%ﬁi’sbu?)é@ﬁ-

Conput er syst erm&ﬁ@w&yst@ﬂl S50 190 A1 GHtibially Aediudd @ nfhsd RSB Sh Y Guditsh 368
such as a disk_drive unit or nonvolatile nmenory such as flash nenory and a

real -tinme cl ockliskedtye umh exnoayelatils memert sudlpes ﬂﬁﬁ@mﬁwewaé ageRl-timertick h

utilizes remov adaoexvmmg@rm B@@ﬁéﬂn@luﬁ@ﬁiﬁ@ ;whmﬂuée% réhQRBY cdintisr
opt o- magneti c rredla optical nedia, and for the storage of

programs and ddF#iab 25‘3‘3@!3[}5“31525 ﬂ@pyﬁ@kﬁpaﬂsrrgagaew% eptigal gredig.and g5 e

m croprocessor 1§§éqﬁtﬁ§st&@§eof(i,}0éﬂ% ddatagda. (i ncluding Pentiunl™) or Mtorola
famly of chips, a reduced instruction set conputer (R SC) chip such as

t he Power PGPM i cr o&fé%wre@@iﬁ esmEnareigly avpiinblsraiceppracessor sseh asppeot her

sui tabl e processQfe F%%%J hml

control bus 374, anlg a@hressg bus 2% ?%nﬁgéf%fl a(aﬁée%é%lr@%ﬁ?n 20 the
basi c ?pgr ati ngebsosipeier (HSCIMWhpamePZmC@ﬁm%@gomdr&aﬂabISMSo ¢ ram
connect e 0 an 0 e 0

356 as scrat ch%MO%?%e&ym?eﬁiéglﬁﬁsﬁ%%%lﬁg @W%Sg? g%ﬁﬁ ?@%ﬁ%@&ﬁﬁd d% 0 RAM
356 for use by da@hys 38R cor@RUMBSE4) mdaklémssdmmp’!ﬁed{(bm 364 enay pldtiaily emtait y 360
by data b US2037%he ga%ﬂ:tor Qra m%sg% CéAf hé compu et sys?em %S &663&2015 Elgcro ggmglecqut a

transfers with periph ra ‘
to RAM 356 by busses 372, 374, and 376 to permit the use of RAM 356 as scratch
pad memory. Expansion RAM 358 is optionally coupled to RAM 356 for use by
CPU 352. CPU 352 is also coupled to the I/O circuitry 360 by data bus 372, control

bus 374, and address bus 376 to permit data transfers with peripheral devices.

25 Via suitable /O inputs, CPU 352 is in logical communication with light
imaging system 10, in logical communication with the second imaging system 8, and
in logical communication with the object handling system 6. CPU 352 operates 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

30  store the image processing instructions. ROM 354 may also store protocol for
conirolling 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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25 Via suitable I/Oinputs, CPU 352 is in logical comunication wth |ight
i magi ng system 10, in |ogical comrunication with the second inmagi ng system
8, and in logical comrunication with the object handling system 6. CPU 352
operates on stored instructions to conbine spatial information provided by
the second imaging system8 with information provided by the Iight imaging
system 10. ROM 354 nmay 30 store the inage processing instructions. ROM 354

actording 10 posi (1 o i D WGy ol il Sk IR R BHET.

store propriet amymor@rlaatesa:(mm afoutrold:ﬂnmﬁ'hﬂﬂﬂ‘pcbda@fﬂﬂlourblatrg%ﬁEhﬂ}ﬁrovﬁd&’m nt

according to p ns,for .th 25 1/ cuitry 360
typically inclu {eegfa%erbr?u %i{[)f%? ﬁuggper}pgsﬁ E@eggcg 5sn & Yraéf?fn% ry access
(DVR) control | einput détiee Pad; mass@tcm#ige]}ﬂi@, and/br:anytolther BOGlevisestin ifpdping sfstera

interface betwe 52 and er.i pher al dIS | ay assenbly
362, input %ev?@g@l‘t{scﬁﬁ%‘ 01?15}' S %fafﬂf’ilf’% O'Q[Wfffié ‘;) ®Fevi ces in

[ malgl ng syzI t ensd1|§1t£-ﬁmhldg,quAY donedrieslthstwall E@?ﬂl&ﬁ&)ﬁt{@l} cﬁﬁuit%fbi\ trolling and

anal og-to-digita con i.t al -t qQ-anal Q converters, as
wel | as ot her c%ﬁ?\g%%ﬁﬂ?ﬂﬁ]ﬁﬁgh rs‘hc%cﬂflg?ﬂeﬁ %}h’ffsen?lg‘é 2AtRgmPEEdback dat a
fromthe 1/0 desystemsso@@piuqmta@aﬁﬁwcusp&@&g@iuee@mtﬁérwsﬁm&éﬁeaeﬁéaoﬂss an

out put devi ce fqij di spl ayi ng obj ects and other visual representations of
data. 10 The scV&8® for di splay assenbly 362 can be a device that uses a

;:at hode- raylotulbe ( GBE kcredn ?ﬂmlgblwaéﬁnﬁlysm%ﬁﬁﬁ?’aﬁ&@%that?&esh@@thb?é&ﬁ tog the
ypes comerci a e froma variety of manufacturers nput devi ce
364 can be a k&¥ M\S gluﬂﬁﬁﬁ’lgf’édls 2% {Lfl)s 0 R/%?kk%@fﬁhﬁﬁ@m?léh’wth a
posi ti on-sensi r@anubwﬁr@ﬁavaﬁetjzbﬁnﬁummré\lmﬁft@e\hbé/ﬂéa%anb@m&ybé&&'ace 364 can
be an enbedded RF digitizer_ activated by an 15 "active' lus. As a

further alterndPP¥Fe, aﬁtﬂ‘bﬂm@é‘gi“b‘é’OBﬂﬁnW%P%Wnts?ﬁ@g@ﬁsplaé’v@ftwﬂ@apabI e of

conmmuni cat i ng M@ﬁgnvay%ﬁﬁmeﬁcémwﬁ@aﬂ&mmﬁﬁﬁlgﬁm&taﬁma%ﬁ% Therefore,
as used herein, the terminput device will refer to any mechani"sm or device

for enterinkp dapetivehBF sWlsoilseifariher @teaﬂaaaml%md@mceﬁé&mbﬁw &fcreen of a
conputer di spl@ych %ﬁbﬁ%fﬂ@ﬁﬁuﬁ%ﬂéa%ﬁ@uﬁﬁ& s%éﬂ%ﬁ%e% Qéllh;tSlﬁ& syRerfi 58,1 O] rol

conmput er 350 and/ or to receive responses fromthe tes ] ect
af or ement i oned Thepfiere.chs wpeddhgreay, dhe teryinpuidewcs wikvefer Wmeyha@tsm/@rddws and

are well Known fofedifgihia anmlﬁaﬁgm arliBii 196062 GPa 20 0P tegl Ly

consi dered desirabl e. "However s storage 368 can eltTmn
provi ding a sufchspéaYerQne@mmmw dpyigas 815 be pregidest prgvsirolcoRAMeBSH andlost ore

user appli ogf | | OB 18 FRPShs & bl e Rest dufbjekd) Aho SRR G nentioned input devices are

available from a variety of vendors and are well known in the art.

Some type of mass storage 368 is generally considered desirable, However,
mass storage 368 can be eliminated by providing a sufficient amount of RAM 356
and expansion RAM 358 to store user application programs and data. In that case,

25 RAMSs 356 and 358 can optionally be provided with a backup battery to prevent the
loss of data even when computer system 350 is turned off. However, it is generally
desirable to have some type of long term mass storage 368 such as a commercially
available hard disk drive, nonvolatile memory such as flash memory, battery backed
RAM, PC-data cards, or the like.

30 Regardless of computer system 350 configuration, it may employ one or more
memories or memory modules configured to store program instructions for robotic
control, cbtaining 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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25 RAMs 356 and 358 can optionally be provided with a backup battery to
prevent the |oss of data even when conputer system 350 is turned off.
However, it is generally desirable to have sone type of |ong term nmass
storage 368 such as a commercially available hard disk drive, nonvolatile
menory such as flash nenory, battery backed RAM PC-data cards, or the
like. 30 Regardless of computer system 350 configuration, it may enpl oy one

nstructi ons f oPRea o e Rt BRANEh. IRt RhOH R

represent at i on athowghl cogiptites e 850 Enibcadstibin somerﬂ@ammrém nefacititase of t he

present inventipon deschibed herei me.nor al so be
configured to s %’Pseswt?a{hg e R, gagp &&8 i'Rge aé %tim‘"gq‘#e?o rT?‘%/peci fic
non- program i nf1mptmiented tathiiquds e gervel, inp su11lab1e%hmpd1t@l' s de epliveid t hat

al t hough co ut st em 350..i s di scussed etail herein to
facilitate r’gp galtfﬁge-@m;%qqalzrﬁprmtaa«én %fag%h?wedgqa 8“&1‘]\‘?&| ety of
sui tabl e conputsemplel npl errent ed techni ques. In general, any suitable
conput er system nmay _be e ed 5 for obtaining a thr ee-di nmensi onal
representation of a Hepaye In& ‘B%’? WEQ@@@WWcﬁgﬂsﬁayﬁﬁW?Ye@@é%?@em

i nformation andhpsye@mamdingl di6iled RercPihe BRsMETRVOMRE réifed BRIRARAL the
syst ens/ net hods descri bed herein, the present invention relates to nachine-

readabl e medi a TeHablemedia fhrg W@aw&wtﬁ%ﬁsme infgrgpation, gcoformt i on, etc.
for 10 perfigr mgagoMadhk Oatoud BREMobORScrHRS ﬁérbzﬁ@xahﬂ;’le@'o@nmﬁﬁﬁéﬂéh@a%le‘?ﬁedxa

machi ne-readabl e nedia include, but are not limted magneti c nedi a

such as hard diis®ude, bytgsspt mitrdto, mpmetiqiedinsuch o hasd dls}éiaﬂpﬂ?ifl disgkgcind such as
CD- ROM di sks; %ﬂ@ﬁ&aﬁ@bbtﬁﬁi mmimh M]B R diékslrfﬁagsab- gﬁ&medlagﬁth@@r dwar e

devices that are specially configured to store and orm ram

i nstructions, ﬁf\?ﬁcaéglsk%eﬁﬂd bdwaredeyises thatare ﬂ?@gla’(lm@ﬁg@rﬁ@tqsém@l 15 access
menory (RAM . @éﬁﬂﬂ Mlﬁﬁ‘éuﬁ?ﬁsrr%tdn@}ﬁ %‘&Qvest{ﬁ Pe'n §m code,
such as produced by a co ler, and files containin | ev code t hat
may be exd@ut dgcdssmenary Eﬁﬁ%ﬂﬁép@gramnm@h@ﬁemdu@b@:h@dﬂmust rates a
process flow 9QQ4f QhchORYAIdALADyTWb 3

object in accordancec \?\i@%ﬁd oneq’gnbolmn?ré%ﬁatnmg?é ﬂ@glgjrn Sen@xglle%e\!igé]ctﬁlt%%ha 0
Processes in ad¢greratrddyheademphier yingseinterprelasnt i on nmay include up to
several additional g Loy der not
to obscure the rese%mﬁg\}%ﬁeﬁggﬁ%sﬂhﬁgggf ﬁ’%‘%‘?@%‘??‘?’s"%@f%{% ring

| i ght data em orf angybjegt injagterdagenwigheone embodnnent of the present invention.

20  Processes in accordance with the present invention may include up to several

additional steps not described or illustrated herein in order not to obscure the present
invention.
Process flow 900 begins by capturing light data emitted from a light source
located inside the object while the object is in the interior cavity of a light imaging
25  system (902). For imaging system 10, the surface light emission data is contained in
images captured by camera 20. The images include a set of measurements of the light
emission over one or more portions of the surface. In one embodiment, multiple
images of the sample 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
30  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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| ocated i nside the object while the object is in the interior cavity of a
light imaging 25 system (902). For imaging system 10, the surface |ight
em ssion data is contained in images captured by camera 20. The inages

i nclude a set of measurenents of the [ight em ssion over one or nore
portions of the surface. In one enbodinent, nultiple imges of the sanple
are obtained fromnultiple views of the sanple relative to a canera. In

this case, each jgnge.provides.a different two-dinensional view of the 30
surface |ight en§1y SSi (.)or*lbtP ‘P’%%%WW%%%P‘@P“%W?W@WWE@%@E a3 U & aken to
provi de addi t i onginetitaeeonbuce tmagid igdeet. Bl @fpulef RRAESphY iﬁ:}élgﬁngsLeﬂﬁn

' i i t he obj ect

continues by obtgi .portion o

ca'ﬂ:liﬂ%inﬁamgi nt% data of an internal i

whil e the obj ect’ s THDIPERE MR @?WE?QF@BPWS%?C%@E%%%%&UW@#&Y904).
When the second of Xengy sepsery siabdotdcs Xaay¥RENEI ffork RS OHRACE | MYi ng 27 system
obt ai ni ng i magi ng data coppri ges. receiving the imaging data using a

magnet i c reggnance i ﬁ?ﬁ@?‘ﬁ%gmaﬁ@{flgﬁnﬁwa%?g&éﬁkﬁumemg gogprdimiagingi ng
system bt ai nispgerh begisig nd ait arde REAILS of YR idifitnd SEEhIYL i K A1 N0
data using an arhﬁé. Efﬁqu'r?ﬁ sensors that detect X-tays emtted fromthe
object. 5 It is °BiHdP Lpstaret Reftvem Bninterigneviyotihe Light imasing systoinand the second
i magi ng  syst enr@ewitighrdabf 2 s8dhd Ahaiflz sy$3aE0d). 83 8n mﬁgﬁ{r&éﬁr yEalng. system
is used first, the object is transferred between the interror cavity of
the Iight inagif @?%WF%ﬁ@%ymoﬁ@émﬁ%ﬂaﬁﬂéhenﬁmbhét@eﬂmﬂebbjagi ng
system (906)0 | FesR®ofMBRRARBIBAY als &%ﬁ'ﬁg" ars W thout substantially
novi ng the object m? t he port.abl e(s Et'?ngé{g@t hat tthﬁgg%%flg%%%%mggswgﬂ%%%n.
Transfer may al BO2OUitrgedevidlin fhedgeriarcavitygh theilightjimaging bleaniter, usink lightt he

por table stageséaﬁm\diuﬁéﬂiﬂtﬁél%jécpﬁaﬁﬁ% gyity of the light imaging chanber,
using a light seal included in the Jyg(_:t' handl i ng system Process flow
900 nay al so conbi nePPsREs Beiv SR may alecesimbinreety e P ¢aenim4zing syseaa e,

sof tware and USgfanip) YSavwRY addbs Hﬁﬁ]ﬁj ke atial.data provided by the
15 magnetic resonar%% i magi ng S stegnﬁ\%ygﬁ@gn%c‘fol%%ﬁ% P éaggatﬁp’(%\vlﬁﬂégy t he
light i magi by s{asusHs respnasenimasing eystenswith fraptionabdatamotideihytthe Bet di mensi onal
spatial inforngtd O 1 SGh P Yas@n ut t gogr.aphy system w th
t hr ee- di mensi onal l_fﬁct i Qnaﬂn?nafs%f%ageﬁﬁa r%\%l éagﬂrﬁif&t“?? 51 E@ﬁ?aﬁ gi ng
system 3-D I'i ghformakerererided hyon MRirebapesr tomygbghyensitn yed thee-r econst r uct

use data that poosreioe! KORsa SRR Gty AtRy e GlERRE R campl o and
the spatial distribitPdightecontterciipytethniers ssy brierdployad oo Ggtilaiace:
This may i ng) udgnitled RorhRRhmER TRELS e BoofitSY EJna}gc%niques use data that provides
informatjon about the geometry of the sample and the spatial distribution of the light
~ emission from the sample surface. This may include data that comprises a) a surface
representation of the sample (e.g., from the second system 8), and b) a set of
measurements {e.g. images) of the light emission over at least a portion of the surface,
25 One format for this data comprises (1) a surface representation defining the surface of
the sample, (2) a set of light emission images from the sample surface, and (3) a set of
parameters that 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
30  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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representation of the sanmple (e.g., fromthe second system8), and b) a set
of nmeasurenents (e.g. images) of the |light em ssion over at |east a
portion of the surface. 25 One format for this data conprises (1) a surface
representation defining the surface of the sanple, (2) a set of |ight

em ssion images fromthe sanple surface, and (3) a set of paraneters that
define the spatial relationship between the sanple and each inmage. 3- D

| i ght reconstrugg I+ Av.er t.i rface |ight inage data
nto 11 ght  dat oo od ap RefHRMRLGE o TRMEE il 5 Heh G GarthPlin, 1St

t hr ee- di mensi on&presepelimdndisidedmicofurbdeeicd@nisoi @ sulablelsingite nsglur ce. This may

i nclude creatin ef .. ne. ele ts within th bj ect. A surface
representation %’%Fg"’gn%%‘?%%g%{ﬂ%?“ﬁ% ?r;tﬁge PR ??c?ﬁﬂfﬁ?elff’ tﬁ‘?}%&’é&‘?f’g‘nesé‘ﬁ‘%atyem or
structured |i ghbe deiried by e ed of fomneotadaniyans, whire eactlipBB & i6 B ehri%D dlemaht

i nf ti | t t ' i ysSt 8 b d
0 25 bul 10 5 oubt St ol kB bt o Rt e iire e sl

reconstruct i on, sdliténswcdragyeAcouepy eientadd eftedetadbn/iadly M@oYy b ace
el enents or a sH{G%engullet gurfgce rr]%zlh 1%%%#oxi mati ng the actual surface of
thie npigact Of P Ree ol

t he sanpl e. For “exa may be defined by a set of

connected pol ygons, Whée thisiaedntifohdy §e deSoriBediiéRERF fiveliPRfbferred The nunber
of surface el emanés.vari ) accta)léadi.ngqsto t he object size and a desired
_ ey iy e

sol ution accur aBgPodRRets. BerEvialipnse aud fagivalsnts gl el withinnpr oves

by increasitg thbecopyabibis ifentiol FREEhA 88 UnStted Wi bigvitPd ék&.'ﬁ‘é?&aingﬂe has
been described i.np ternms of several preferred enbodinents, there aré

alterations, pefmatehimgses champer ks isarcabedvifineiipl gptiongifetbiect ac0ess ingo scope
of this inventiiarishéavity B8\es beRmdI 88 pfdint BivEMidomay A onfPdneexanpl e,
al t hough i magi ng chanber 12 is described with nultiple options “for-object
access into i nPSPPHRCCES-Eymanpal gopess or apmater asenss. mabhothl igthersore
invention may iigghédichathd/sconaor iHeq iﬁﬁ;ﬂl@ or

aut onmat ed ess, not pot h)%bﬁ isﬁ‘t%ﬁgéne%g@g%éidﬁtten%i t at?ek?nﬁ%&?zope of

t he inventi SRBENdgd 5 termned with reference to the 15 appended
claims. 29 What is clained is : 1. A systemfor providing nultiple types of
i mgi ng data for an internal portion of an object, the system conprising:
5 a light imaging systemfor providing light data related to light emtted
froma |ight source |ocated inside the object and including
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an i magi ng chanber conprising an interior cavity, and a canmera confi gured
to capture light data fromthe object while the object is in the interior
cavity; 10 a second i magi ng systemconfigured to provide inaging data for
the internal portion of the object and having a receiving area that allows
the internaVhpdpeiagacd s :-be i maged while the object is in the receiving
area; an object handling systemfor transferring the object between the
interior cavity of the light inaging systemand the receiving area of the
second i magi-ng A SYsgmsfamrodamewrdipieiynen of thjging ddtaiferpn inteywlipention s

bet ween abqytyn L8RcAME Hi cohfhkingPhot ons/ second/ cent i met er
squar ed/ st eralc}i a%.c "2 he s(i/st emln claiml wherein the second i magi ng

system Bs a magricight imagng sxstmafeerovidigs highdasa whtediwdight emifteddramibul ar
cavity pasSlig'ﬂgs&ﬁ‘éeolﬂ%e@ingﬁg@l?é63;&%&’&%?&?@0m"g' ng magnet, the tubular

cavity conprising the receiving ea t ei ves the object while resting
on a stage incl uded annmagiagshjraber compuikinggn sytstiemeavith, d The syst em of

claim2 further conpri§'|[g I I j devi ce in ..|ogical
comuni cation with t ﬁ_le L %rm‘ta"t“ﬁ%g‘ge? tﬁg?ib@g@é%ﬁ??%ﬁ ?I%(f:ﬁ @%"%1?8%%’1&1}% 1%‘gti on with
t he second objestjisny theyistesiny camity; i N | ogi cal conmmuni cation with the object

handl i syste r-ejn. t rocessor . conbi nes i nformmatio rovi ded by
t he seg gnd i mag {Qnsamgﬁg‘{a%%%ﬁ%t iR (?Slgur{ﬁ(fl ?"o%"%@&?i“&%‘&g ggatflﬂlétﬂfg ?r&FFPa magi ng
system 30 pértichhe tisyshijernand heviag awrGeiver atathHahallpvoihe $semacrionesbspat i al
i nformation i.ded by. t he. netic resonance inmagi ng systemwth
functi onal q?lﬁgég%rrféleltglﬁoxjﬁ‘l;to\s}flg@gr%‘if“?ﬂ%arle?’ght i magi ng system 35 5. The
system of cl ai mag objechantiBngsysteinh éoratnefeiringahelbbjact nywéeithe on@ldrses a

portable sta it h.no .netal rts. ,30 6. .The systemof claim1l wherein the
becond i gy Sybe iR ke shlim and tsRiViagATPAHa 5oL SBHE ompr | 51 no:
an X-ray pwsedemseandconfigured to emt X-rays that pass through the object
while resting on.a portable stage ingluded in the objgct handlipg system
and 5 positi oneavqeﬁﬁ)’?{bgogﬁéﬁq}? ljn%?reg&m“é Fvgen P‘éﬁ/fooﬁng(ﬁ‘i’oél}lglensors t hat
recei ve thehdofiglt®ond/centimeter squared/steradian.

2. The system of claim 1 wherein the second imaging system is a magnetic
20  resonance imaging system comprising;
. atubular cavity passing through a magnetic resonance imaging magnet, the
tubular cavity comprising the receiving area that receives the object while resting on a

stage included in the object handling system.

25 3. The system of claim 2 further comprising 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, wherein the processor combines information provided by the second imaging

system with information provided by the light imaging system.

30
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.

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

portable stage with no metal parts.
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7. The systemof claim6 further conprising a processing device in |ogical
communi cation with the |light imging system in |logical comunication with
the second imging system and in |ogical conmunication with the object
handl i ng 10 system wherein the processor conbines spatial information
provi ded by the conputer tonography systemw th information provided by
the I'ight inmagi (nﬁq system 8. The systemof claim7 wherein the processor
combi nes _t hr ee- dF mendhepalem ofjphin alwhenfrthenmcbahinpiRiisfhesh R¥ chigyepnput er

t onogr aphy i magitggos iy S, 34 ree- .di mensi onal functional information
provided by the | i%%t%mg%qkn%gg%stcewn%‘g. The systemof claim| wherein

the obj ect handling &y¥tteypodwmer tonéigured topatit @baye tnk PAS tHhiah tRWRRRI t S the
obj ect during |ight d i i he Iight i. in system and inmaging in the
second i magi ng sys_t_ér% {’)I?Q%r%bfseﬁ%F%W&B%eddgg%rﬁb%cm%%ﬁtﬁ@ aghj ect

handl i ng sysfenppstiansdin @erediving arebyadsf er the obj ect between the interior

cavity of the light i I stem and the 20 receiving area of the second
i magi ng systemvvithouE S%PB%% isg}s?lﬁﬂ%’{%‘?’rﬁe?‘ﬁéc'@ﬁ?-ect on the portable
stage. 11. The systemof claim1l1, 2 or 6 wherein the second inmagi ng system
is configured Yo prbtyecnpitial 6 imthercombiising h proctsRe dMiGl i Meidpr ti on. 12.
The system of cl@hMdicion i KD the | i ng. chapber is configured such .
25 that the interior gaﬁ??‘g/%&%&ﬁaﬁ]ﬁgfﬁ% ’J?IWIW@FWM@GSWW
out si de the i metscens imebingiggstem, 184 inTowicad yatuainiodtion vai oot Snfiiid her
conprising ggli S | ed in the object handling systemthat is
configured to i%?ggrrnf g’g%are%qﬁﬁgceﬁoéﬁ?nbéléeziISpag}r?f’&%Pr@%?%Rrﬁwd the esimpnibes
i magi ng chanbertomaerapiowyside veitlsinfstuion privided bl et light bin Sfkenpet ween the 31
interior cavity of the light inmaging systemand the spacé outside the
i magi ng chanberg, whiggg . tage iS within.the interior cavity of
the i magi ng chanber . 15 _ gp"rs%%?}e%w?) I%Fgf%eﬁgr?ﬂﬁgﬁ%m?%@mﬂﬂlwi handl i ng
system noves t Heatihjnfermatisn piovidedibyt thecdnnussrit@hogapby it §y§1§mwﬁﬁjg{hgg_

[ [ t he i magi ng

hanber. 15. T iofikahi L4 wh rLor el of
chanper hﬁméiéﬁinﬁ%ﬂ& oﬁ%ﬁllfrﬁnlt'néaéifnéglg)ﬁfﬁlsgPﬁ@e?}éﬁﬁ%{agtgg \!\pgtemr. gcei ves t he

chanber conprises a novea
portabl e sh%ge theret hrough 10 a first circular bearing di sposed between
the exteridr watl arfbe sy of cégfimtl trhereirothe alyjbet hixmdling & agen edtthriRgy 41 t S

rotation bet wegpidie s iisapotlte BB dufiSs Kl kmSlind Mo (Y EEDLE 1 Nt erface;

system and imaging in the second imaging system.

10.  The system of claim 9 wherein the object handling system is configured to
transfer the object between the interior cavity of the light imaging system and the

20 receiving area of the second imaging system without substantially moving the object
on the portable stage.

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 iy 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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a second circular bearing that permts rotation between the wall of the
noveabl e interface and the object handling system 15 16. The system of
claim1l1 wherein the second i magi ng systemis a nuclear nedicine inmaging
system conprising: one or nore sensors that detect radi oactive em ssions
produced bymgrior eaiiityactfttha/kégkminﬂnsgiag s;fstam it thetspacealjtstdd the 2Qadig cHdigbesy st em

of claiml ucl ear I.C em i of a

posi tron e?ﬁ”%@ei t("i)ln I&%@‘at’q’%ﬁ?@? ngg{‘rg}fhl %HOﬁC%VI&&?ngedﬁ@ﬁ&g cé‘?ﬁ"‘g%‘i on conput ed
tonography system 25 18. The system of claim 16 wherein the second i magi ng
systemis posit.,ron to h tem conpri si ci.rcul ar
gama ray detect of° Sé’?'i’egﬁ/(’is C\?@ﬁnc Wﬁ%%ﬂgg%glﬂ éi’tﬂfl‘g‘}n e IPP‘gfis t@‘ho JE?tyst al's
each comsnecwitidn tlce iatepioo tarityl dfithd inelzideuwdambadf) 19. The systemof claim1

wherein the second i magi ng systemis an ultrasound imging systemthat
conprises: a probe configured to generate sound waves that travel through

the obj ect ignd Khenysighn &dldim ld%m&inraﬂfek%@ﬂoed/a%\fﬁfé iﬁfagﬁg%ﬁﬂnbé} the
object. 35 32 20. The tem gl ai m 19 wherein the ultrasound i nmagi ng
syst em f ur tHEPISEHHPPY eméer%% Bd¥Br configured to send el ectrical

currents -to the qdbat hativeehep Hitmestﬁgélﬂﬂréfﬁw olem ssions fromthe probe
and confl gured to.cal cu*ari)s a distance omt he probe to a reflecting

surf acdOusi ng a Adfabdreytar beying disposes] beteenthe eAW“@b]”éHtﬂﬂ%aﬁ‘@ll iAdghesyst em f or

posi ti oni ngn@rRaBIBjieifadd andel i Elot@on HRMId (R eﬁ&mrlw@mda.%&%ﬁ%ﬂhé ncl uded
in a light |mag|]!)ng system ‘the systemconprising: a portable stage that

supports t WOVERPIE RS ng positioning of the stage by the 10 mani pul ator;
and a mani pul at Qrse@&ﬂfdlﬂﬁfa?ﬂeatrﬁxgm f-ﬂi‘ﬁsﬁ%ﬂoﬁtﬂeﬁv hagewRebpregn the

interior cavity of the imaging er and |ent area surroundl ng
t he i magi n@lOV@#&ﬁwwfa%anﬂglmols@éﬂla@wagusg@tﬁ@u to interface with a |ight
seal ongan exterior wall of the

16.  The system of claim 1 wherein the second imaging system is a nuclear
medicine imaging system comprising:
one or more sensors that detect radioactive emissions produced by a
radioactive substance within the object.
20
17. The system of claim 16 wherein the nuclear medicine imaging system is one
of a positron emission tomography system and a single photon emission computed

tomography system.

25 18.  The system of claim 16 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 photomultiplicr tube,

30 19.  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.

35
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15 i magi ng chanber and configured to provide a substantially Iight tight
seal between the interior cavity of the light imaging system and the space
outside the i magi ng chanber while the portable stage is within the
interior cavity of the imaging chanber. 22. The object handling system of
clai m 21 whk ei nThehesieanefplaint 1O wheeipdhd iigaseud iR8ging syware firtter por t abl e
stage wt hidg,lﬂr{ﬁgeg:nteri or cavity of the light imaging system 23. The

obj ect handling system of claim?22 wherein the object handling system
noves t he obj ecta pmcesaer apnfrgursd tnsendietcoirivat bierdnnt tertheoprobattiat Yetafmihde

i magi ng ch T ' h | i sy.st cl.alm?21 or, 22
wnerei n_ thaoas vy amiion BB Aobe RTINS R Bl Sl Bem e
obj ect Randirobefosyreflestingfsudhai uniils §Redof @amdiveolest. t he obj ect bei ng
i mged emts between about 103 and about 1010 photons/second/centinmeter 30
squar ed/ steradi an. 26. The object handling system of claim 21 wherein the

mani pul at o2li s chmébjgetheddlingsysiemaior pastoning aobbititdn sk hoeioraavidxbSad hat
passes thr ' i chanber . 35.27. The object handling system of
Prar m 21 238y e AT A0 ENRATIEE i A pyoiote SRR EHS ¢ ha
supports the objagettable stagbshansippakts yhe slaas dansg posidigBol ho Sta8Pbe e

handl i ng system ,c%f claim 27 wherein the portion conprises a substantially
t ransparent WII:}% 8FP89. 5 29. The obj ect handling system of claim?21

- further conpri siangampgater celfigutsdyto nfyettBpeabid daetstrhéendBe int&ioran
at _|least. o provi des the

anest hesi a gas t e gas . delivery outlet that .

anest hesi acg‘gi" ?fgth? Haagpg g@@%ﬁﬁ&?it}?ﬁ@béﬂté@ﬁsl*@%‘ﬂ@l%th? HBagegt abl e st age.
30. The obkkahbdrandl i ng system of claim 21 further conprising a |ight
reference 10 haviljggg a positi ora det ect abl e bﬁ the |ight imaging systemand a
secondary ref eréﬁ t seRbeqTigEed SR aYteias vkt »bghtiseel apyangexicsiosalliofil ng

syst em5 3Limd¥in ORGhINY a6y ShFTBuFH to PRSAUSE BihsBnkiSY RS @I%% $elb@lvedh th It
source | ocated insi gg a _omaiect, the i magi ng syst'eny conprising: 15 an

i magi ng chHRENT PHEY dlths dehtimaging syster and thasnacy owpida theimagingmbember

confi gur edwhfle BRSPpArtaBR Paded§RidinttAe FRARIH Gvitd -dal: he obj ect

whi | e the obj gct i sai n tﬁ(% i nt erni o? cav#tcgfﬂlt%ﬁ%ﬁlg)nﬁgélﬁg élﬁlé?l%seté'al on an
exterior wall of the imaging chanber; and 20 an object handling system for
posi tioni ngo t heTabbgjett Haldfil}Esystihf bt Qhinf 2V Wh¥ref the WGiTRY R tHAIRET - the

obj ect _handling syst'em conprising: . ]
20 to move the portable stage within the interior cavity of the light imaging system.

23.  The object handling system of claim 22 wherein the object handling system
moves the object in two dimensions within the interior cavity of the imaging chamber.

25 24.  The object handling system of claim 21 or 22 wherein the portable stage
comprises no ferrous metal parts.

25, The object handling system of claim 21,22 or 24 wherein the object being
imaged emits between about 10° and about 10'° photons/second/centimeter

30  squared/steradian.

26. The object handling system of claim 21 wherein the manipulator is configured
to allow passive rotation about an axis that passes through the imaging chamber.

36 27.  The object handling system of claim 21,22, 24 or 25 wherein a portion of the
portable stage that supports the object is substantially transparent. |
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a) a portable stage that supports the object, and b) a mani pul ator
configured to nove the portable stage between the interior cavity of the
i mgi ng chanber and the anbient area surrounding the imging 25 chanber,
and c) a light seal configured to interface with a Iight seal on an
exterior mall of the i magi ng chanber and provide a substantially |ight
tight seal he erior cayift) he .|| stem and t he
space out si E% ﬁﬁgﬁﬂ%ﬁ%ﬁ?nOéﬁ?ﬁﬁagﬁéwﬁ%ﬁﬂ%ﬁP&“gF%@Hgﬁg Hithin the
interior caubﬁmﬁmﬂ@tﬁﬂqmﬁh@umma@ayg system of claim 31 wherein the inaging
chanmber conprises a noveable interface having: a wall with a hol e that
receives the portable stage therethrough; 35 34 a first circular bearing
di sposed bavwee rTHe%_]e‘et(lﬁ@ﬂhﬁg syedrh ofelgink De findilel cOhplififs 2 BRY&AMILE | nterface
and permits rotatl n n the exterior wal| and the wall of the

movenbi o | REFT oRBRuRG I e e bR G Bhleemigreiads dglaient et ekt i on

bet ween t hgrovadids thé aﬁelsﬁnes@ ghDARDbIebtRIE BE BhdRdedthSn i Retableangdki Ng
system 33. A nethod for obtaining multiple types of imaging data for an
obj ect, the method conprising: capturing light data emtted froma |ight
source | oc at)ed mhélo@ﬁ:ct RadaRg @%teny\/ef ¢18im 20 PRy @&hﬁ&&n% 8 hgﬂt Rferdcpt eri or

cavity of" % i magi ng system obtaining imgin an interna
por ti oi?of E‘W@géﬂ]‘)@&fm\ﬂfﬁe?" Ie b ﬂéﬁo]jlﬁﬁtlmﬁgmglsﬁt%{n élswoﬁéafé[rf@f&r%ﬁea second
i magi ng SYﬁ&ﬁﬁga%ﬂﬁhbﬁﬁ&§&§&é%?gs&&%dqgh. Spg&ween the interior cavity of
the light imging system and the receiving area of the second imagi ng
system 15 34. The nethod of claim 33 wherein the transfer occurs w thout

substant i aBly MR insl39s@h) (BC4baRink BRI SicH 799 ggthrf'%uréé’@%ﬂé(gs the

object in both the | rior cavity he receiving area
net hod of &Slﬂerﬁ@l’peqmb@ snagingwsisatemmaptisiegli ng systemis a magnetic

resonapce i magi Qﬂuﬁé(g?ﬁ@%mﬁﬁr m‘gnﬁhﬁgt hod of claim 35 further conprising:

a) an interior cavity

b) a camera mount configured to position a camera to capture light
data from the object while the object is in the interior cavity, and
da light seal on an exterior wall of the imaging chamber; and
20 an object haﬁdling system for positioning the object in the interior cavity of
the imaging chamber, the object handling system comprising:
a) a portable stage that supports the object, and
b) a manipulator configured to move the portable stage between the
interior cavity of the imaging chamber and the ambient area surrounding the imaging
25  chamber, and
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.

30
32.  The imaging system of claim 31 wherein the imaging chamber comprises a
moveable interface having:
a wall with a hole that receives the portable stage therethrough;
35
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conbi ning spatial information provided by the magnetic resonance inmagi ng

25 systemw th functional information provided by the Iight inmaging system
37. The nethod of claim 36 further conprising: conbining three-di nensi onal
spatial information provided by the nagnetic resonance imaging systemwth
t hr ee- di mensi onal firfkuiculae bedringnfi gosat bedWeddr Y edetobyall 3 thBevalll @hhe | Magi ng
system 38. The nethod of clai.m 33 wherein the second, i ing systemis a
conput er E%%@Plgm??%ﬁ H@W@Wﬁﬁﬂt‘%’ﬁ hefdgiar vl ag‘g%léf‘a‘t"%ﬁ €§Wﬁr i ses
recei vi ng twheveableagemfgtegdaid usi ng an array of X-ray sensors that detect the
X-rays emtted fromthe 35 object. 35 39. The nethod of claim 36 further
conpri sing: contiSAfRd cLiswer B@arinaﬂwﬁa&mwowwbaweﬁm‘ﬁ%ﬂ eloput er
tormgraphynﬁdmglblegne@a(:%taﬁmmdﬂyecf[ﬁﬁiﬁning@?\iteﬁmfOrmiti on provided by the

| ight imging system 5 40. The nmethod of claim 39 further conpri sing:

conbi ni ng three-di mensi onal spatial information provided by the conputer

t onogr aphy 381MagiANgefwE ferBbiihife hillgse WPt B8 Rk ﬁﬁﬂ%r'aﬁ%#ect, fheOr At i on
provided by the light imaging system 10 41. The nethod of claim 33,35 or

38 furt her "COMPr{¥IRG"Seal i ng the i magi ng chanber, while the portable
stage is W thinchRgrindli@itidala eaMed HoRfa ltig%}ﬁ shUFBEJaGted HiR&he objsi Wsa |1 ght
seal included . in the object handling systemthat Is configured to Interface

with a'®i gHie chiegt 159R thgintsxios vy ofallighbimagieg systegisng chanber. 15 42. The
met hod of cl ai m,Bg@; 24 da Sher; hioR S IRV AL | 86 i thin

the interior cavi ti/ 0 taﬁg&l in;ig(? ng.lgﬁgﬁg?. 043). @h%w%éﬁﬁgﬁﬂ%@@%céﬁm 33, 35
or 38 wher 8} hrocpiwingres ¢fdysceend imagote sypfem; patht i magi ng chanber contai ns

bet ween about 1 > L '

squar ed/ st er adi gﬁ”%‘%?ﬁéﬁ%}*@%@?{é &%gﬁﬁggfgﬁ%ﬁg’qwéﬁ%aﬁ% IS*P(’)SctJIe Bf claim
33, 35 or 38nd erensivieparps pEthagewodimaginggysems ace | i ght inmage data into
light gata internal to the object surface to obtain a three-dinensional
representation of the |ight source. 25 45. The nmethod of claim44 further

conpri si ng34bt ailh¢ mgthedaf ckim 3B whefon tet traomfer pegas dithguttshbstaiijatlgt from t he
Seeon, | e SYoLSEAN LR e GRS ARGHeoRhOE FRbD o  the

t hr ee- di nensi o presentation e
cavity and the receiving area.

20 35, The method of claim 33 wherein the second imaging system is a magnetic

resonance imaging system.

36.  The method of claim 35 further comprising:
combining spatial information provided by the magnetic resonance imaging

25  system with functional information provided by the light imaging system.

37.  The method of claim 36 further comprising:
combining three-dimensional spatial information provided by the magnetic
resonance imaging system with three-dimensional functional information provided by

30  the light imaging system.

38.  The method of claim 33 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
35  object. . |
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I nside the object. 30 36
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39.  The method of claim 36 further comprising:
combining spatial information provided by the computer tomography imaging

system with functional information provided by the light imaging system.

40.  The method of claim 39 further comprising:
combining three-dimensional spatial information provided by the computer

tomography imaging system with three-dimensional functional information provided

by the light imaging system.

41.  The method of claim 33,35 or 38 further comprising sealing the imaging
chamber, while the portable stage is within the interior cavity of the imaging chamber,
using 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.

42.  The method of claim 33,35 or 38 further comprising moving the object within

the interior cavity of the imaging chamber.

43.  The method of claim 33,35 or 38 wherein the interior cavity of the light
imaging chamber contains between about 10° to about 10'® photons/second/centimeter

squared/steradian when the object is being imaged.

44.  The method of claim 33,35 or 38 further comprising converting surface light
image data into light data internal to the object surface to obtain a three-dimensional

representation of the light source.

45.  The method of claim 44 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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