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In-vivo imaging is performed by capturing an image of the sample using a

camera. Intensified or cooled charge-coupled device (CCD) cameras are often used to
detect the localization of low intensity light-producing cells in the sample. These
20  cameras are considerably complex, require specialized cooling, and are fixed to a
single location on the top of a specimen chamber. A user places a sample at a
predetermined position on the bottom of the specimen chamber within the field of
view for the overhead camera. This static relationship between camera and sample

limits image capture to overhead images only.

25 Often, it is desirable to capture different views of the sample. For example,
the detection of internal light-producing cells from the underside of a mammalian
sample may be affected by covering tissue which the light must penetrate before
being captured by the overhead camera. By gathering data from different angles, a
user can obtain more information about the location and intensity of a light source in

30 the animal than possible using only a single view. However, it may be impractical to

reposition the sample to capture a different view when using an overhead camera.



In view of the foregoing, an inproved imagi ng systemthat enables the
capture of images fromdifferent views w thout repositioning the posture of
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sanple is vari a%l y located within the inmaging box, a light transm ssion
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fromthe sanple to a commbn datum associated with a canera. |In one aspect,
the present invention includes a processor which is electrically coupled
to the camera. The processor mayUMMARYQFIdE BOVENIIONf t he noveable 15
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camera mount configured to position the camera relative to a fixed datum on one of

20  the walls for viewing by the camera and a light transmission device. The imaging
system additionally comprises a moveable stage apparatus including a transport
mechanism and a stage configured to support the sample within the interior cavity.
The stage is coupled to the transport mechanism for movement of the sample to one
of a plurality of positions in the interior cavity. The transport mechanism and the

25  light transmission device cooperate to direct light reflected or emitted from the
sample to the fixed datum to capture the image by the camera.

In another aspect, the imaging apparatus comprises an imaging box including
an interior cavity for receiving the sample and a stage for supporting the sample. The
imaging apparatus further comprises a first linear actuator attached to the imaging box

30 and capable of positioning the moveable stage in a first direction. The imaging
apparatus additionally comprises a second linear actuator attached to the first linear
actuator, attached to the stage, and capable of positioniﬁg the moveable stage in a
second direction. The first linear actuator and the second linear actuator cooperate to

position the stage at one of a plurality of positions in the interior cavity.
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position the stage at one of a plurality of positions in the interior
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figures. a camera mounted relative to a fixed datum on one of the walls. The stage apparatus

20  comprises a light transmission device, and a transport mechanism. The stage
apparatus further includes a stage configured to support the sample within the interior
cavity where the stage is coupled to the transport mechanism for movement of the
sample to one of a plurality of positions in the interior cavity. The transport
mechanism and the light transmission device cooperate to direct light reflected or

25  emitted from the sample on the stage to the fixed datum to capture the image by the

camera.

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.

30



30 3 WD 03/006966 PCT/ US02/22162 BRI EF DESCRI PTI ON OF THE DRAW NGS The
present invention is illustrated by way of exanple, and not by way of
limtati owp osnodohe figures of the acconpanyi ng draw ngs amdTiusompdieh |i ke
reference nunerals refer to simlar elements and in which: 5 Figure 1A is
a perspective view of an imaging systemincluding an i magi ng box adapted

to capture imges in accord 1 &qizﬁ;d' i nventi on.
Figure 1B illustrates the s??ﬁ%ﬁyﬁl@g%one ttﬁﬁmﬁyﬂ@gi ng box of
Figure 1A in accordance with one enbodi nent of the present invention.
Fi gure 2A il ust rideepresent dpveption pedivstrated ibgvivay of lewansplapantenetsby wayhed box

of 10 Fi gungnilefio fhiteNged & the racé’@ﬁﬂaﬁyfn%@é(&ﬂlﬁ BeyiD gnidheiONEabh@ St age
directly below a fixed datumin accordancé wth one enmbodi ment of the

present i nvaHIeEHS refedQsEnDas lqoenés 3B MY op per specti ve view of the
conponents in the box of Figure 1Awth the exterior walls renoved show ng
t he novedbl e st agdginel winnperspédtive edve bf b dagihg sfstxedndadiughanninagi@r dance

1 o1 SRR L B RSl L b ELHER, d Btig o5,

exterior walls renmved show ng t he noveabl e stage above and off center
fromthe fixed ddtigiei 1B dbsbadaiteestiictutal cempentris phihet inggingHwxpelebighte

i nventi on. j j i i M ew of a side wall
and housi ngzl%nic%{ %gg%ag(%o‘;rvhﬂtlﬁ%é %"gﬁ&g?l@%dﬁ%@lﬁ%nf ﬁivg%édgr dance with one

enbodi nent of the present _invention. Figure 2E jllustrates an_internal top
per spective Vi eweFdEuré ) dinsigaies adppy Pﬁ’iﬁﬂ"s‘i%ﬁ‘@ VISY Ohhs OB&POB?mP:i“bH’FQ:’Oi‘A&fn
accor danoe Wiglreone wibabé rRtioo fwdllb aepoest showing viee thewreable Sstegdeg ditectRF
illustrates

a simplifi.ed view of |ight transm.,ssion:.w.thin box ing the
i ghe o1 anreSt BRtA uREeY bt Gt Mtk BTSSR o Mg R 2 3
illustrate a top and side view, respectively, of the stage included in the
i magi ng box of Filjgure 2Miliustraies ertomperspastivh visweobhissgimpenentsin theeboxprlesent
Invention. gigyre 1A with the exterior walls removed showing the moveable stage below and

off-center from the fixed datum in accordance with one embodiment of the present

15  invention.

Figure 2C illustrates a top perspective view of the components in the box of
Figure 1A with the exterior walls removed showing the moveable stage above and off
center from the fixed datum in accordance with one embodiment of the present

invention.

20 Figure 2D illustrates an internal side view of a side wall and housing included
for the box of Figure 1A in accordance with one embodiment of the present invention.

Figure 2E illustrates an internal top perspective view of a side wall and
housing for the box of Figure 1A in accordance with one embodiment of the present

invention.

25 Figure 2F illustrates a simplified view of light transmission within box using

the light transmission device included in box of Figure 1A.

Figures 3A and 3B illustrate a top and side view, respectively, of the stage
included in the imaging box of Figure 1A in accordance with one embodiment of the

present invention.



4 WD 03/ 006966 PCT/US02/22162 Figure 3Cillustrates a top perspective view
of drawer and el ectronic conponents housed therein in accordance with one
enbodi menvomB/0bdses present i nvention. Figure 4A illustrat ®@STAISHNDRER162
perspective view of the conmponents in the box of 5 Figure 1A wth the

exterior walls r ved, show t he noveabl e.stage direct] el ow a fixed
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Fi gure 4B i lcbmpbnatte hoasddo thepsn sipeadcoxdansd evithooné hemtpoimenrteof she prasee box
of Figure }%e\{)&ig the exterior walls renoved show ng the noveabl e stage
bel ow and off-center fromthe fixed datumin accordance w th anot her
enbodi nent of the 10 present invention. Figure 4Cillustrates a top
perspective vi ewloguere Bbwisdatatep perspastve dievoe! thejcgmpenents i the hopreof

ext eri or swalgjgurk e ugith SOkl RAISBYESHE sifivALE tBONEeabld eide de@ilyer
fromthe fi gfl daﬁ){n&l n accor daga(t:ng Wt h apot heﬁ%‘ﬁnbodl nt of the present
i nventi on. QY @ dixed dFsupy Ip de¢ gwéé’gj’élaﬂ]leﬁﬁln il SriPREEFIE SV ai n
the horizontal position of the noveabl e stage of Figure 4A in accordance
wi t h anot her enbddgurerB ilhitrathea popepaspecting et afthe Fogyosers irsthe fpxowfess

flow illust rﬁ%l]llqrggl}@ Wi {ﬂgdexf)efrio(f R rr%ﬂgvéahﬁ{o%%?my Sod0d1 éth’%@ B&éﬁeﬂ@e
i mages using thé inmaging apparatus of Figure TAin accordance Wt 0 one
enbodi ment @fff-@merpfre@e%te fined detuen in :eppdaseowEh eBoter/wdpdiment 69f the

DETAI LERyDESGRILRHhGMtdn, t he foll owi ng detail ed description of the present

i nvention, nunmerous specific enbodinents are set forth in order to provide

a thorough underst.andi pg..of the inventian. However, as will.b arent to
those skilled i nsl{lﬁ‘érea }lﬁ{sﬁgei)pé%mrsgecpméqﬁw Bﬁﬁwrr@gng}t%& ﬁ’fg%&v\?ffhout

t hese speci fhiguddtAaivith tioy extigtiorsiailg rahbdwesdnbeingathe mevesblostage amas sied offl n

ot her instance | 1 ..kn [LOcess [ [ CODRRREM & ircuits
have not beé:ﬁn?%ﬁ)ﬁ ggdﬁ)\fﬂ% %érgné‘il aggc&rggnc%g\,?ﬁ?gﬁ ﬁ%ﬁecessé@?ﬁy& tggggeusrgfétr
aspects of tiheengtioesent invention.

15 Figure 4D illustrates a gearing mechanism used to maintain the horizontal
position of the moveable stage of Figure 4A in accordance with another embodiment

of the present invention.

Figure 5 is a process flow illustrating a method of capturing photographic and
luminescence images using the imaging apparatus of Figure 1A in accordance with

20  one embodiment of the present invention.



10 I. Imaging System I n one aspect, the present invention relates generally
to inproved imaging systens. Figure IAillustrates an inmagi ng system 10
adapt ed twoagapvasse phot ographic and | um nescence i nages iPaTasSoverdance wth
one enbodi nent of the present invention. The system 10 provi des user
automated control of image capture in an 15 imagi ng box 12. The i magi ng

system 10 is al so useful for CaptBE@T[&@LE‘B%Mﬁﬂ@ ing structured |ight

i mges. The imagi ng system 10 conpri ses an 1nagl ng box 12 adapted to

receive a lightqg rfhuijoﬂgwﬁ%”%tﬁﬂé@ d\ééb'gfgﬂoﬁ%&f {Hat SRsdrk Yinbddidh; nfnBrous
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I's configure Q be "

ight-tight",. i.e,, esseptiaglly all external ljight is
prevent ed f ISTFPEAR éP%d’%t H@crﬂ)%g T"ith??tomef%ép%%ﬁ‘f éﬁ{aﬂgr%roh?' K4 § ernate
sensi ti vity ekamdtsa or ep@cessadn | It etier finstdnas weld hianoyer poegsked, gendederes,25
(CCD) carmer i LB . t he
canera rmu%? %%8%&%’%&1 Qgﬁgﬁ% 1{18%5_ ng’%. ng S%g?éa?ﬁed% Ogiasqrr%)?gd %?#eitaésé‘%c&g1 abl e
of capt ur i n@bsdueraspesis ofitheameseptiovetiioaphi ¢ (i.e., reflection based images)
i mges of the sanple wthin the inmaging box 12. The CCD canera 20 nay
optionally be cooled by a suitable source such as a refrigeration device
22 that cycles a cryogenic fluid through 30 the CCD canera via conduits 24.
A sui tagbe refri qerati on device is the "CRYOTI GER(r)" conpressor, which
can be OBtailned fF@RINEEISEBD Cryogenics Inc., Allentown, PA. O her
refrigerants, such as liquid nitrogen or solid state devices, nay be used
to cool the CCD dammereaaspéct, he\yRedit GOGAE6N PalctIRALARY 60 improviedugrging

processi ng i 6 i Lnter: ut er
s through Sutipes AR SRIukel B BhAEER PRLATPRACE | Podlud PloBERpIRY °
of any sui t @bl elumjipescenggpimagesyinc gpgnrdanss withuene Gribodmeent neft theo Preseifs
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menory . 5 and read-qnly nenor ,..an  drive copponents (e.g.,
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di spl ay 38 aadctutgddight tlandeses

The imaging system 10 comprises an imaging box 12 adapted to receive a
light-emitting sample in which low intensity light, e.g., luciferase-based
luminescence, is to be detected. The imaging box 12 includes a housing 16 on a side

20  vertical wall of the box having a camera mount 109 (FIGURES 2A-2C) adapted to
receive a camera. The imaging box 12 is configured to be “light-tight”, i.e.,
essentially all external light is prevented from entering the box 12 from the ambient

ToO0om.

A high sensitivity camera, e.g., an intensified or a charge-coupled device
25  (CCD) camera 20, is attached to the imaging box 12 preferably through the camera
mount 109 affixed to the housing 16. The CCD camera 20 is capable of capturing
luminescent and photographic (i.e., reflection based images) images of the sample
within the imaging box 12. The CCD camera 20 may optionally be cooled by a
suitable source such as a refrigeration device 22 that cycles a cryogenic fluid through
30 the CCD camera via conduits 24. A suitable refrigeration device is the
“CRYOTIGER®” compressor, which can be obtained from IGC-APD Cryogenics
Inc., Allentown, PA. Other refrigerants, such as liquid nitrogen or solid state devices,

may be used to cool the CCD camera 20.



such as a keyboard 40 and nouse 42. The conputer 28 is in conmuni cation
with various conponents in the inmaging box 12 via cable 34. To provide
conmuni cawioan/oeg¥ee control for these conponents, the conmputP€m/ud82/22162

i ncl udes suitable processing har dvvare and software configur ed to provi de
out put for controllln vi.ces.in i
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communicates with a display 38 for presenting imaging information to the user. By
way of example, the display 38 may be a monitor, which presents an image
measurement graphical user interface (GUI) that allows the user to view imaging

results and also acts an interface to control the imaging system 10.

25 The processing hardware and software may also include a suitable processor
configured to provide control signals to a motor coupled to a moveable stage included
in box 12. The processor may also be configured to prevent the stage from contacting
the light transmission device during movement of the stage. In addition to control
functions, the processor may also be applied to perform various image processing

30 functions described herein. For example, the processor may be configured to produce
a structured light representations using 2-D structured light images taken from one or

more positions of the stage in the interior cavity.

The imaging system 10 is suitable for capturing images from a variety of
views and positions of the sample relative to the camera 20. These images may be
35 used in in-vivo imaging applications that include analysis of one or more

representations of emissions from internal portions of a specimen superimposed on a

7



phot ographi c representati on of the specinen. In one enbodi nent, the inmaging
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i ncor por at ed®Vsy 2 defiag ipg. Iy fﬁ’@“ﬁ e Hm(’ﬁ?éc ?)é%‘f‘ge A% 5Pl ent

i nvention rehadritadé Gzaamslra@gwngn@phmphcbmﬁ couits ailtke ifdividwardetassori praels.ng
oper at i ure 1B.illustrates..the nal c n o] I i box
12 of F?Quréﬁigi gt(pgr 835%18 W m%negéﬁg d@%n%ﬁgﬁﬂﬁhéﬁnrg eelﬁ{qu e

lurmnescence image. The luminescence images may indicate the presence of a

biocompatible entity, for example. The entity can be a molecule, macromolecule,
cell, microorganism, a particle or the like. Thus, an in-vivo analysis may include
detecting localization of a biocompatible entity in a mammalian subject.
25  Alternatively, the information in the live mode may be used to track the localization
of the entity over time. For more examples of analysis applications for a digital
overlay image suitable for use with the present invention, the reader is referred to in

U.S. Patent No. 5,650,135, which was previously incorporated by reference.

30 IL Imaging Box

In one aspect, the present invention relates to an imaging apparatus suitable
for various imaging operations. Figure 1B illustrates the external components of
imaging box 12 of Figure 1A in accordance with one embodiment of the present
invention. Figures 2A-E and 4A-D illustrate internal components of box 12 in



invention. Figures 2A-E and 4A-D illustrate internal conponents of box 12
in 8 WO 03/006966 PCT/US02/ 22162 accordance with various enbodi nents of
the presewD Bu@né i on. Each of the imagi ng apparatus des®cCiThesd2/2a162 capabl e
of capturing an image of a sanple in box 12 using a canera coupl ed

thereto. As sho in .EFigure 1B, the i ing box .12 is i trated with a
ooy 18 1 h° ancotgigs B St SRbod R ol i PR S ipm, DD 4 (e gmeEtRen: oi ng
t he sanpl e. apparaiunidesdribed acesaphlyle 44 chgturded bnadadyyofoppasiladn boxdé2 esagasur e

panel s 103a an visible in Figure 2D), a light-tight partition
52 on the bgg?igrﬁa]]c%glg{egég%%ﬁél (not shown), a back enclosure panel 47, and

a front wall 48 defining a cavity opening 49 into the interior cavity 44.

10 Bel ow the caviAyshewn i BgwrdBl dic iswsparhoreldtis dbystpied dth neépariSomasy t he
light-tight 40?% thbitiBR, shdwilid!8n WREESr &Nty AQsfop hedtRigd e auple. a¥hd idtb@ar f or

the cavit ... In, o enbodi nent, .the Smaller ¢ art vides a
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conponents 5 ich aredn tric anmuni cat i on. W : ter
(Figure 1A) BRYSESHEPH) 4#\75?‘5385‘@“53’@'@04r§ecﬁeﬁ§:nngaarlﬁavfﬁt¥noc? 7o sfltgolfl %Oi]t ﬁ%qﬁg@&m. I'n

a specific eabogidéent, the imaging box 12 has a body 14 made of a suitable
nmetal such as steel. A latchable door 18 is pivotally attached to box body

14 by wgy of hi n%ﬁoﬁ@he%&fﬁ%%eirsrg ts%l%ﬁ'% arthfent QeRRatB® BRI A A AR

cl osed position as shown Ln ure A to the open positi nas,sanin
Figure 1B. |lighiighiopratitions?.ithe Hppe surfacesofaphiph edversas 2 Bt Eglec?a’t"ﬁ?é avity
fl4 :Er ough :Iﬁ%&p@fﬁb&ﬂnfégt, tth@ shﬁﬁelfﬁ&ﬁp@'trﬂ@ﬁiﬁrbﬁﬂ@es dqgjélsﬂag sfpﬁé@_vﬂﬁtﬂﬁ iaccess
o e cavl I nteriar roug e vity . .openin ) rri ow

ori mar Ly t GUEPEt e aactly rRE NG SiaptaoRBRE APEaE poernsdh Mbun i o
broken |i nesyodwi14. The dheweeSt hotmes eleotratic andmponentniSt hwinink aembodienteical 25
of the prese I NV i 00:.. Hi f . i i

conponecs 1 BBRIEEE i MELAERet 58 (Fishfl1 RERRE Eﬁﬁ%ﬂ‘%ﬁvﬁ%gws%g%ﬂ%%

di rectly belasd funsteahscftthenbox 07, Toi gyapesifpembodimenp threimagieg boe Iy of t he

conponent s iyyqhax plLieWrtalufiiile nfRxdl 8hdIOLs sp@l.| s removed show ng stage 204
bel ow and off-Center fromfixed datum 107. Figure 2Cis a top perspective

view of the corrpox a@cgﬁabllend(?o?xl SJig p\ll{nfottamytar%t%ched to box body 14 by way of hinges 46

which permit the door 18 to be moved from the closed position as shown in Figure

20 1A to the open position as shown in Figure 1B. In the open position, door 18 enables
user access to the cavity 44 through the opening 49. In the closed position, door 18
prevents access to the cavity interior 44 through the cavity opening 49.

Referring now primarily to Figures 2A-E, various internal components of box
12 (shown in broken lines) will now be described in accordance with one embodiment
25  of the present invention. Figure 2A is a top perspective view of the components in
box 12 with the exterior walls removed showing stage 204 directly below fixed datum
107. Figure 2B is a top perspective view of the components in box 12 with the
exterior walls removed showing stage 204 below and off-center from fixed datum
107. Figure 2C is a top perspective view of the components in box 12 with the
30 exterior walls removed showing stage 204 above and off center from fixed datum
107. Figure 2D is an internal side view of box 12 showing side wall 103b and
housing 16 without light transmission device 111. Figure 2E is an internal top
perspective view of side wall 103b and housing 16 without light transmission device
111. Figures 2A-E are all shown with door 18 and exterior walls removed for

35  illustration.



30 exterior walls renmoved show ng stage 204 above and off center fromfixed
datum 107. Figure 2D is an internal side view of box 12 show ng side wall
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internal top perspective view of side wall 103b and housing 16 w t hout
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el ectri nlca h | e o) oII d
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represents aNHelekaZ oiéigce@mcralqmﬁéoqmmdtombl%b nmvle@amﬁrat les Ehistosfocwn Thens 100
into the intg gﬁfeﬂa; 16RVidols HotBf 1488 bﬁlxeﬂ:gtrlcg hisnmbiBRathdrX @ethd el Bledi@ibal

extends fromt Interior caV|t¥) in adrectio B substa]b#

per pendi cul &empgne;ityac aad confrpslsd &ﬁd’r‘f%ﬁst%&?hiq’? i ePHpRyte %é%%w& Yens 100
(Figures 2A-E). This datum 107, for «clarity, is represented by a
stationary axis t}b&‘IxeﬂrdatdndEéprésehﬁfaéﬁ%&ﬁ:gidnnzﬂoﬁg til liree olpsite ofithe chmetze
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from the interior cavity in a direction substantially perpendicular to side wall 103b
and through the center of camera lens 100 (Figures 2A-E). This datum 107, for
clarity, is represented by a stationary axis that provides a reference line of site upon
which the transport mechanism 202 and the light transmission device 111 cooperate
25  therebetween to direct light reflected or emitted from sample 106 towards and into the

camera lens 100 to capture images by camera 20.

As shown in FIGURE 2C, a camera mount 109 is attached to side housing 16

of side wall 103b. Camera mount 109 is adapted to receive and position camera 20
relative to fixed datum 107 for viewing of sample 106 within cavity 44 by camera 20.

30  While camera 20 is capable of capturing photographic images (i.e., reflection based
images) of sample 106, it is also sensitive enough to capture luminescence images
thereof. Camera 20 may employ a charge coupled device (CCD), a photodiode array,

a photogate array, or similar image capture device.

A moveable stage apparatus 200 is disposed in interior cavity 44, and includes
35  atransport mechanism 202 and a stage 204 to support the light-emitting sample 106.
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the total length of the string 144, computer 28 can determine the length of string

between the stage 204 and the sensor 142, (i.e., based on changing resistance of the

string with length and by using a look-up table in computer 28 to carry out the

conversion). In another embodiment, the position sensor is provided by a laser

25  positioned in interior cavity 44 to intercept the moveable stage 204 at a starting

vertical or horizontal position. The laser may then be used to calibrate the position of

the moveable stage 58 to a common vertical or horizontal position.

Linear actuators 206 and 208, position sensors 212, and computer 28 combine

to provide closed loop position control for stage 204 within interior cavity 44. More

30  specifically, a user, via computer 28, may input one or more positions for stage 204
along a substantially circular path about fixed datum 107. In one embodiment, a user
provides a viewing angle for stage 204 relative to fixed datum 107. Software
included in computer 28 then converts the viewing angle into control signals for
moving each of the linear actuators 206 and 208. Motors included in each of the two

35  linear actuators 206 and 208 then receive the control signals provided by computer 28

and position stage 204 accordingly. The motion of stage 204 between image capture

11
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lens 100.

Figure 2F illustrates a simplified view of light transmission within box 12
using light transmission device 111. As shown in Figure 2F, for the position of stage
204 as shown in Figure 2A, light is emitted from sample 106, reflected off mirror
25 121, and transmitted along fixed datum 107.

In one embodiment, a light source is provided within the barrel of mirror
assembly 120 to illuminate the sample or specimen in the imaging box 12. The light
source may be continuously illuminated or flashed to capture photographic images of
the sample and is turned off when capturing luminescence images. In a specific

30 embodiment, the light source comprises a ring of low-wattage lights disposed
circumferentially around the camera lens 100. In another embodiment, the light
source comprises four pairs of white-light emitting diodes (LEDs), one pair mounted
in each of four corners around the camera lens 100. One advantage of using LEDs is
that the spectral emission thereof may be contained to visible light while excluding

35 infrared light. Wires (not shown) may extend from the lights to the electronic
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to pass between stage 204 and mirror 121. Quter wall 123 of mrror assenbly
120 15 al so prevents residual light in interior cavity 44 not directly
associ at edowBsdshe current view ng angl e of stage 204 fremusezeiisng | ens
100. This is partially perforned by configuring mrror 121 to be
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g .L.he canera I 1 e( afd ntage
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or partially silv red mrror. ln. another lg:{ggdl ment, a dichroic mrror
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The two degrees of freedom movement provided by transport mechanism 202

20  allow stage 204 and sample 106 to be positioned at multiple angles relative to fixed
datum 107 for image capture by camera 20. Thus, based on user input via computer
28, transport mechanism 202 and light transmission device 111 cooperate to direct
light from sample 106 on stage 204 to fixed datum 107 and lens 100 to capture image
using camera 20. In addition to providing full 360 degree angular viewing of sample

25 106 about the circular path, transport mechanism 202 is capable of varying the image
depth for a given angle of stage 204 relative to fixed datum 107. Together, transport
mechanism 202 and light transmission device 111 cooperate to provide a field of view
for camera 20 in the range of about 7.5 cm to about 16.5 cm. In a specific
embodiment, light transmission device 111 cooperate to provide a field of view for

30  camera 20 in the range of about 13 c¢m to about 16.5 cm. Similar to the user initiated
angular position control described above, a user may input a desired focal depth and
viewing angle for stage 204. Software included in computer 28 and linear actuators
206 and 208 would then combine to position stage 204 at the desired angle and depth
relative to fixed datum 107.
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then be captured by canera 20. 10 In the enbodi mrent shown in Figures 2A-2E,
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cooper at e t@sq éﬁm} gg?h%f lom Saﬂ'}g ;,[100% ?gtb%gggs %%%(t O[nftjthi%ega daflim 107

and | ens 10 using Anera oV I ng
full 360 de@rwsmgﬂl ca)mpurmvufzngammeamtrel gignale o dibeart actuméors |296Lﬂlndr20§at h,

”anspo '2?)406% find! Afifd"Ssi sy 170 % ., A8PhRintMhing 201 Ven
angl e o stage P%t Ive |xe1§ ddatlﬁm 10% nget trangporl%lg
mechani sm Z@EH%‘MHIT@ H%ffﬁmaﬁ?% dggpyh0fevi ce 111 cooper ate to provide a
field of view for canera 20 in the range of about 7.5 cmto about 16.5 cm

In a Zpeci;icl erméhr' ﬂgrt]gow kkd gtgurésrmsaﬁgs& %F}c@ﬁa&i&ﬁdéizievﬁqe@ebmayt@f
provide a fi Lew fo in the a 13.cmto
hout 165 ciecabi Wideased g RPNl b e B aR Bl R il
descri bed above, a user may input a de5| red focal depth and view ng angle
for stage 204. Sdhtwar embodimabtdstage 0fputiades? Bammard bagedr craght gpaeteetyon 206

and 208 ul [ and
Gopt b r8) achsAE RTRLRG: LAIRRRLE RS E8-Sh AR 2B RR Snpgnt
prevent unde&diihinbps 120dr acpessie sabediment erash piad iinlaced on disesien 9 %‘P
during oper azfou%seétrtamﬁ@eirﬁerﬁr@o %%@%2@?1W3Anmamlﬁtzeo PFAShts I@bﬁ'ﬁaetCt i on
nmeasures. 1 n one enbodj the cr rot ecti asures are t war e
boed and Qs fiest B dheomBetER MR P 285 Pse: cplgu e
posi tion feeedpack4ahd $ighpgwansmission device 111, camera 20 or wall 103b, a metal ring 260

20  is perimetrically disposed around light transmission device 111 on stationary bracket

119. Since metal crash pin 250 is ground and metal ring 260 is maintained at 5V,
inadvertent contact between crash pin 250 and metal ring 260 acts as a limit switch
and provides immediate electrical communication with computer 28 that contact has
been made with stage 204. Movement of stage 204 is then stopped. Together, crash
25  pin 250 and metal ring 260 provide a circular crash protection boundary around light
transmission device 111 during movement of linear actuators 206 and 208.

In another embodiment, software based crash protection may be implemented

for preventing undesirable stage 204 contact with components within cavity 44.
Based on position feedback of stage 204 using position sensors 212 and known

30 position of mirror assembly 120, computer 28 provides control signals that ensure
stage 204 does not overlap with mirror assembly 120, thus minimizing the risk of

undesirable contact between sample 106 and components within cavity 44.

As shown in Figure 3A, stage 204 comprises a frame 252 and a transparent
portion 254. Transparent portion 254 allows light emitted or reflected from sample
35 106 to be transmitted to light transmission device 111 with substantially no
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5 204 and known position of mrror assenbly 120, conputer 28 generates
control signals that insure that stage 204 does not undesirably contact
with mrrepoass@sdly 120. This may be advant ageous for nweagrmsa/2ab2 st age
204 between a position such as that shovvn in Fi gure 2C and a positi on 180
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of linear acbtrgtaqisraRfbofamptic@(Bterd hi Saavotuivkits wemingatérrrdibe Wlmlf teis eothtableyd

crash prgt e%&ﬂa’?ed@éﬁt?%e Leé‘?ﬂbﬁlﬁﬂ? fb%fk&r %‘()eél{décﬂai HNgas bk e 161 agR 204

contact With incav on position, feedbhack of

stage 204 udiltey Vﬁml t1Gis meu@t@d @ffzq_egtearf@nk&mrw%u ghet theningfvidhat fiders
assenbl y 12Q,1 sCafRUERLbe %gtafé'aqmodﬁﬁltﬁﬁ%rlﬁ{ers%btgl'@lt%nhﬁ@& fiBASUE BamP Ieaﬁﬂ 204
does not over|lap wth mrror. assenbly éﬁ' t hus mnb‘?é] ﬂ |tl?h‘g
undesi rabl e r@%‘?ﬁ“’é’cby L AR réa%% SRR A lepivthe 65%?54?4 As
shown in FI Qb Se3flong it8 eridieter @dg@fﬂ #hitha n‘obﬂmafe bRE2 3arisl seatéd aibe avoglmed
portlon sparent por 254 al lo e d from
sanpl e 1}:1% fsg %ealﬁor ?ﬂéﬁ'ﬁ 1 8% %l?\f]r n@?ﬁisfgéy(r)w Vi cteorrq % lfeh
subst anti aI | fjlten ovheg¥motor 136 is in electrlcal communication with the electrical components

56 and controlled by a processor included in computer 28. The plurality of optical

filters 118 carried by filter wheel 116 may include any of a variety of optical filters

for facilitating image capture such as a neutral density filter for bright samples, one or

25  more wavelength cutoff filters for restricting specific wavelengths, a fluorescent filter
for fluorescence applications in which the excitation light differs from the detected
light, etc.

Other components used to facilitate image capture of a sample within box 12
may also include a gas manifold to anesthetize one or more mammalian samples. In
30 one embodiment, the gas manifold is detachably coupled to stage 204 and includes a
plurality of interfaces. Each interface is adapted to provide a gas to a mammalian
sample resting on the stage 204. An exemplary gas manifold suitable for use with the
present invention is described in commonly owned co-pending U.S. Patent No.
09/795,056 by Nelson et al. filed on February 21, 2001, the entire disclosure of which

35  is incorporated herein by reference for all purposes.
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106. In a specific enbodinment, transparent wire array 256 is a single
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by a prgges%?‘mﬁaﬁ%?% mﬁﬁe&sn%glﬁl?ﬁ% ?rucrgﬁY% of optical filters

118 carried by filter vvheel 116 may i nclude any of a variety of ogtical
filters for faciThetTasiopgnotanted,denstiosus meteh s nairmee assemblygaator tlydfand er

for bright Sfﬁfg? lvﬂxf%el PBfor ql% R éﬁ@ﬁ Gte ﬁ?éf%@c@&té& 9615 Qf‘ Euifable SsftiohQontrol of
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wi t hin hax i.ncl u [ one. or . nor e
manmal i ?(ﬁ H‘HPlga¥°rl ‘hse V§§1 %‘Wedtgthﬁfig’?% ﬁﬁ& I%e?%édgncﬁgﬁqs ]Ez;‘r‘fch q%gh HEP I o y
coupl ed to shafetddd camininiekionesttaomd or alord gleofronintcenpeanads S&dohsddniner f ace
I's adapt ed tcﬂa\%roﬂ.defh@ S2%ohR @on{Baomls 153Mare, in turn, in communication with the
computer 28 where the motors 109, 114, 128 and 136 may be controlled by
appropriate software and/or by user input.

25 Referring now primarily to Figures 4A-C, an imaging apparatus for capturing
an image of sample 306 with camera 20 is illustrated in accordance with another
embodiment of the present invention. Figure 4A is a top perspective view of the
components in box 12 with the exterior walls removed showing stage 304 directly
above fixed datum 307. Figure 4B is a top perspective view of the components in box

30 12 with the exterior walls removed showing stage 304 below and off-center from
fixed datum 307. Figure 4C illustrates a top perspective view of the components in
box 12 with the exterior walls removed showing the moveable stage above and off
center from fixed datum 307.

Box 12 includes a camera lens 100 mounted on side housing 16 and coupled
35  to camera 20, similar to that as described with respect to Figures 2C-2E. This datum
107, for clarity, is represented by a stationary axis that provides a reference line of site
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sanple resting on the stage 204. An exenplary gas manifold suitable for use
with the present invention is described in commonly owned co-pending U S
Pat ent NowO 00006986, 056 by Nel son et al. filed on FebruaryP2I/USBDG2 t he
entire disclosure of which 35 is incorporated herein by reference for all
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20 Motor 324 is in electrical communication with electrical components 56 and
controlled by computer 28. Together, the motor 324 and the processor in computer
28 position movable stage apparatus 300 along the circular path about fixed datum
307. An electrical slip ring 323 is provided to electrically couple the components of
box 12 to the stage mechanism to maintain continuous electrical communication

25  regardless of the rotation of positioning of main axis 320 without risk of wrapping. A
AC4831-18 as provided by Industrial Devices Corp. of Petaluma, CA is suitable for
use as electrical slip ring 323.

Positioning arm 322 provides the main structural support for movable stage

apparatus 300 upon which stage 304 is rotably and slideably coupled. Stage 304 is

30  coupled to positioning arm 322 in a manner such that, as positioning arm 322 rotates
via main axis 320 about fixed datum 307, stage 304 remains substantially horizontal
relative the bottom of cavity 44. This allows a sample 306, which is supported atop

stage 304, to be viewed from multiple positions and angles without falling off stage

304. To maintain the stage 304 in this horizontal position as the positioning arm 322

35  rotates about main axis 320, a set of bevel gears 350a and 350b are disposed between
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enbodi nent of the present invention. Figure 4A is a top perspective view of
the conponents in box 12 with the exterior walls renoved show ng stage 304
di rect|y walwowesohé xed datum 307. Figure 4B is a top perspecmivsezviiev of the
conponents in box 30 12 with the exterior walls renoved show ng stage 304
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ich is co-axia al i e stati.ongr) i.s 0of fixed da :
Beari ngs ar énml’ol%bgaé‘ad%ggme%gr?hrfﬁwr;;%sa@%%o&éﬂﬁgmﬁ’l ’T‘llri(ff§élp5\ﬂ% ?ﬁg’al | ow
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the positio e novabl e stage apparatus 300 for rotation
about fixed datum 307. A S23T as provided by |nd rial. . Devigces rp., of
Petal uma, CA is sRPtEHMN sbp¥ maweads I8t '(‘J“f‘n%?lf’.torﬁf‘k/@f‘b‘?d‘??zﬁ fret T"I%a%"%al

el ectrical clgraetraabinofdr Wdvablel ek rappahatus GOP0 MarableSagerapparatus 300 also
20 includes a second degree of freedom. More specifically, stage 304 may translate
linearly along positioning arm 322 towards and away from mirrors 335 and 336 to
vary the field of view for viewing of sample 306 on stage 304. To allow linear
translation of stage 304 along positioning arm 322, positioning arm 322 includes a
linear slide 342 which includes two cylindrical holes for receiving slide bars 342a and
25  342b therethrough. Sliding mount 346 allows attachment by stage 304 to linear slide
342. Sliding mount 346 is rotably coupled to linear slide 342 via rod 330 and
bearings disposed therebetween. Thus, stage 304 is orthogonally fixed to sliding
mount 346, which rotates via rod 330 and translates via linear slide 342.

Motor 340 is capable of moving sliding mount 346 along slide bars 342a and
30  342b using a worm gear 349 operably coupled to motor 340 and linear slide 342. A
SSD55D5CO0DO0 as provided by Shinano Kenski Co. of Japan is suitable for use as
motor 340. Together, motor 340 and a processor in computer 28 act to position stage
304 relative to mirrors 335 and 336 to control the field of view for viewing of sample

306 on stage 304.
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controlled by conputer 28. Together, the notor 324 and the processor in
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att acheﬁst o] a%gptnﬁjs%gégr% %%;@Zhﬁ? rl&?aﬁgrqu}égc{;?gln@, e\r}?ecé%ll Li ght 10
transm ssi offodé¢itte 311 rotates vvlth mai n support 322 about fixed datum 307
and directs light reflected or emtted fromsanp 106 algng fixed datum
307 and towards SBREr teotheostagsng Oé’élﬂﬁnﬁrléng r:?ér ﬁ‘? prises a

transm ssi onrfhepirea 1361'3!1011 nBhtuglesys ﬁ@ht sinfttedr & ﬁ%ctaac&@ﬁesanﬁm: BOGrito rbmr 335
and 336 is ttac ]dgg?trror su xed

per pendi cul ttir%ﬁ Pd%?‘?ﬁVg‘/jz 11,\,|WV¥qu}1 t'@%gfl no 1té)r§é§%&i ”ds

with pogti amnlngaladmnoﬁﬁﬁl fabauy pbsm(adoﬂﬂagerﬁ(BlOBbouEﬁmd datumcﬁr07335 aédvﬂon
movable stage apparatus 300 includes hardware based crash protection devices that

prevent undesirable contact between stage 304 and other components within box 12.
For example, slide 342 includes a hard stop at each end to prevent movement of stage
304 to undesirable positions along positioning arm 322. Further, main axis 320 also
25  includes a hard stop at the top center thereof that prevents movable stage apparatus
300 from continually circling about main axis 320. Upon reaching the hard stop at
top center from a first direction, movement to the other side of the hard stop at top
center may be accomplished by rotating the movable stage apparatus about main axis

320 360 degrees in the opposite direction.
30
III. Operation of the Imaging System

The present invention may be employed in a wide variety of imaging
applications. Generally, the present invention may be applied with any non-invasive
methods and compositions for detecting, localizing and tracking light-emitting

35  entities and biological events in a mammalian subject. For example, the imaging
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336 is configured to reflect light emtted or reflected from sanple 306 at
| east partially along fixed datum 307 and towards | ens 100. Rotation about
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for novabl e stage apparatus 300. Myvabl e stage apparatus 300 also 20
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transl ate | PRESRI L0 A1%n edH’sPﬁecn? dnafﬂﬁ?ﬁ?@ﬁi&ﬁ&%ﬁ@%mﬁﬁvlﬁ gﬁgﬁ;rrors
335 and 336 cameray as Weteoe tHel kaizafiow iofwghtprodueing rgllofe.s.acplan 3@6tena st age
304. To allow Linear an | 4. al [ t4.0R1 322,

posi ti oni ng arm fggs irﬁ%geug%g%%in%_ cleﬁféab? gﬁgﬁ%tgg%%g \E}%lgﬂc ﬁ%’ﬁlclk‘gl égsgt {;\ﬁ/ol\lfQX

cyl i ndri cal coudtmsts) drsideeefeliving gnishalslesublaes ngaea lasuctpgprdigaionshar entpadugh.

Slidi ng souRt, 3t Aklo¥R RhihaCBeallIshY iRaend8¢ of Doki TEahd Dhi ﬁ%e 4L .
Sliding nmount 346 1s rotably cgup S| via ro 30 and

) led to |linea |de%42 ‘3
bearings di §58%&020 Aeispechizard trdefsct ’glF Sgutteshphotansyr The gBeign 1Signel 1&Y ¢ o
S: | gi ng42m3§={n &41553 28\/&6 ic@ﬁ'stm@’f) iﬁhﬁﬁifn&’éo@nt!’ iﬁdtg3|3fﬁp_ﬁ(btdn'feﬁﬁslsﬁhﬁzﬂ& l\urrﬁnl ' ésbelftgr
slide . or. i s Q ving slidin unt. 3 s)i de
bar s 349a antiussis canghRiERRERT yS e TRl Pty L RaB I liRede P BBl
and |inear shindle i84F. This BSDb&DECEODOemerded ev hdeattiop obipositian tprediee Bs.  of
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processor in conputer I on g» 304 relative to mrrors 335

and 336 to d¢onidinipositienvisspkizatipn of thy lpeinegeeahimageo Ongappraach §pgensptidgage
304. 18 WO Q3hiPR&AE8siRTH R Ifinekdtnod @hadds A8 desthibad i@ USS aBRerMEr at us
300 and light transm ssion device 311 ﬂﬁ% ge d,@s fﬁl I gw(gll Au &l Via
conput er 2828 FOsISeHFE 9 Coire hakion; 261 19%hgilbs sgre dis B%‘rgé’i fl%tl ative
to fixed datgdtenB@ds pleoiouslydi®rporatel Betehiely fofgreqpeovi de  two vi ewi ng angl es
for stage 304 relative to fixed datum 307, both having the same 5 field of

view. Fqor the first viewn nal e re idpcl ' - .hen
convert ?ét he vi ev}ﬁﬁﬁmgﬁjé) Iwe%l ﬁ@g}ec%rﬂsrgé#y\@f)gln% .sﬂ’ﬁg‘?ﬂ%go%%’f%%%fg& 31?151 324.
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sof twar e i néPe/iBgn jof 2ssiatberimaged o5 Melbeamission oBcTREeA 04 WENE1R2gHSRIXor

324, which _r1@-(99§j.tU9m§ ohpatr 304a atertifiguts 8 dedbdpssitiondor sthigy/20y Bassdcond
angle r Sl() at Io\ﬁethé ?npfult,)gueansgg(r‘lc rslleglPaZlism 202 moves stage 204 to the corresponding position
according to a control signal provided by computer 28 (504). Light transmission
device 111 also re-positions according to a control signal provided by computer 28.
The imaging box 12 and associated image components are then prepared for
photographic image capture of the sample (506). Preparation may include launching
25 imaging and acquisition software (e.g., “Livinglmage” as provided by Xenogen
Corporation of Alameda, CA) on the computer 28 and initializing camera 20. Further
preparations may include closing door 18, activating the photographic capture option
in the software, focusing camera 20 to a specific depth of the sample or animal, and
turning on the lights in box 12. Preparations may also include focusing lens 100,

30  selectively positioning an appropriate lens filter 118, setting the f-stop, etc.

A photographic image is then captured (508). In one embodiment, a “live
mode” is used during photographic imaging of the sample to observe the sample in
real time. The live mode includes a sequence of photographic images taken
frequently enough to simulate live video. Upon completion of photographic capture,

35  the photographic image data is transferred to an image processing unit 26 and/or a

processor in computer system 28 (510). These may be used to manipulate and store
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the process flow 500 may include taking multiple luminescence representations from

20  the same position of stage 204, e.g., at the same time or a later time (518).

If desired, stage 204 may then be moved to a second position (520). While the
stage is at the second position, one or more photographic and/or luminescence images
of the sample may be captured as described above. Upon completion of each image
capture, a processor in computer 28 then receives the image data. Image collection

25  may further continue by capturing images of the sample from alternate positions and

views of the sample.

As mentioned, the photon emission data may represent the specific pixels on
the CCD camera 20 that detect photons over the duration of the image capture period.
Together, a structured light photographic representation of the sample and a

30 luminescence representation of the sample may be combined to form a structured
light superposition or overlay image. Because the imaging apparatus 100 is typically
used to measure the entire sample 106, the data in the luminescence representation

typically has one or more distinct luminescent portions of interest.
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| um nescent image is constructed w thout using |ight sources other than

t he | um neeoame®ed rom the sanple itself. This | um nescen®€ETIES02/22062 ded as
a function of position to produce the 10 | um nescence image The

phot ogr aphi c i mage may aken f th sition
vi sual i zati on of %P RECT™ Hﬁl‘)ﬁ @g © PHS gloﬁﬁﬁ%cgéﬁﬁ? 85 sér'}l ﬁ‘uednh Q[uch
conposi t e pldoting impge cipthmeni nethtecrse, irmg@ap];@racﬂ% t0qQ pmi'ldeﬁ aneSuen@athnt No.

5,650, 135 i 55 ngeg Spa%ﬂagmﬁ*al ontaliin Hlﬁiolglﬁﬁnésg% slg)m e@’hfsrs%ggérﬁﬁlé}sur e

of that pate reviously 1 ncorporate ereln referenc 15 Turning
now to Fi guiagss lpftfé’@é@é diffesent soving peales adeeroyid %thﬁdefoapa%mqﬁﬁﬁsw to

phot ogr aphi geRstrhdi ThRR6iESH, bHTBRGIESS, um Sigle b ehel BTG4 tsGilcd Within the

accordance Ww taﬁ o(ge eggodl nent of th ]ﬁ)r esent gentl on Pr ocmfl ow 500

begi ns by plPEEHR NCESHEAMET PP 15 Pfﬁéeﬁsﬂ’iag o1° Fﬁ’]ﬁﬁ?c &%Bn on

st age 204 V\,ialgmﬂthmn@)glmgerbmn alg@ith@) Apitabilei fogy uservpith eie PRiserd insentiannput s a

desi red posi¢ for st S h r ani sm
P d 261%10@? t?}%gglagﬁx eEﬁ grgmz(?o %@gfy 81ffu'§<9 lbtcmlczil f%ﬁﬁ)%?%)thgn?tcﬁ

202 rmoves stAage 3;8 control
signal provindesisdy twodpatneine 28e ( zs)lrfam @I’ROIQ%’Yaﬁﬁﬁh%ﬁn@mﬁl %I@vf%éﬂal)lﬂleal o)

re- posi t1 On%i%ﬁ dﬁ@béﬁ@ ehﬂss?onccﬂﬂé 'ﬂ% sefRB2aln BhO¥mMmBsEnlYt, ORIHA8E t(%%logy-rhe

i magi ng assocl ated | mage._conponents are then prepared for
phot ogr aphi ds ﬂ“r?ﬁ@@héléfiﬁ‘&ﬁf@ %?WCHECQB&%I%OJFWSYS@F’%M ation may include
| aunchi ng 25 i magi ng and acqui sition software (e.g., "Livinglmage" as
provi ded by Xenowmcu@edl nlghﬁtlsie@ra efieAbalireaof A that drbierdenglidewn 28 and

initializi 20 { 18,
ot vat | no SRR oG B8 e (PERRE PR eSS 8o Jok R
canmera 20 t dead ape‘rmyfpass degrtthe obJecmenckﬁlwﬂjeadmﬂErimmlcan hﬂdsedttgrdﬁtemgum t he
lights i 18 bcfﬁe ilgllgih][:) LPRAY Qi eRS, trgﬂylo%{i s! g %igeill{n% aeﬂﬁlc g§t0

sel ecti veI y POSI

onlt ng an appropria ens |'ter settlng%ef st op,

etc. A phot ayejaginr ¢70. @hp\ynmm&g @Apﬁiﬁ‘fl@ére@i@é‘) promt%rlé entitd

"live node’ roia%s%ﬁdhgwtmgmg%h%mehnp BEH e csftmtsﬂaeedq@gmbﬁn@@oppmer ve
the sanple in real h{ ]'{[ i.ve node nclue lﬁlgg E E ﬁgoto raphlc
i mages t akerfonfistegfie Qﬁeré B‘E}%‘“E’%S}é‘s‘lter?&l‘”z;’?@?? % natﬁig hedEApI%ETon of
phot ogr aphl andapdriae imade fhide hidd tsqsrajebﬂed onteathe anirhal. iThet prajesti@r arggle is0 an

Those nay banEEeatre! HaAPpONTCEna-sPr oF 25¢ bntip B SbuY T Pao e

small enough that large shadows are not present.

An image of the structured light is taken with camera 20. After the 2-D
structured light images have been captured and stored, computer 28 may then process
the structured light data to generate a structured light representation (522). As one of

25 skill in the art will appreciate, there are numerous conventional algorithms for
reconstructing a surface from structured light images. For example, the phase shift of
each line at all points on the image can be determined from a computationally-
efficient 2D Fourier transform. The actual surface height is then computed by

“unwrapping” the phase map.

30 Each structured light image provides the surface topology for approximately
the facing half of the animal only. By taking images from several viewing angles,
e.g., about every 45 degrees, the entire 3D surface of the animal can be reconstructed
by “stitching™ together the partial surface reconstructions obtained from each view.

Although the present invention has been discussed primarily in the context of

35 a moveable stage useful for in-vivo imaging applications, the present invention is
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t he i magiwg capp@s@t us 10 is prepared for |um nescence i nega/usapase (512).
Such preparation may include 5 selecting |um nescent exposure time and

ety aa St 8 00E; FERRES ToafenotDand el B Bidrd dOpkiiely” R ertof
| umi nescencedditrageltbuegh the petsepeniantionhas bees desqribied vethvesnert toranrisalelsy. The
and) or & pr B2k L2 a8d SBluBcEmbiRTEs SRbEAgE of Eﬁgﬁe%?ﬁ?%?"?}g&éw‘° %

nmani pul at e arstindtabone Qﬂ’@éleil Yt h@%@é&lé}é IAHS calalpanea%S qm%erd?rﬁ??é§‘§ it for

di splay on thep G&M’ﬂl@felrﬂ' Flﬁjt}fé)’ tBS pre&ﬂﬁ ifRentio! pdchRBlenmy radysiee adapfeﬂliﬂe

overl ayi ng the I nesc th hot hic i

di spl ayi ng £Ke t?\%!g P e Ofé éﬁ%‘m égplécag‘ % lgg’élaﬁé@moﬁlﬁ%@ls ErPERe

| um nescencemitial ot Ytdal kysakb,owhvmns pieelgdoabématntes shpwbé ntreﬂrsnetmed Thi s
overlay im then 15 be i

anal yood and R BUEPEIons aEts dRb s cBhaliael sPtkal? Aoy,

i ncl ude a s anuirgtte ipmergfontis @ot tolhertimigad t@ﬁhcné@mla ml@sh@@élr buttfhﬁé’ bs %@fl@yedn thin
a portigp o tation. Note that although the

di scu53| on vf‘\il‘lf1 }{}?Plgtél%ﬁ%%qg@gﬁpﬁg&wlﬁﬁlﬁflﬁnescence representation for the
overlay image, the process flow 500 may include taking nultiple
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sanpl e may be captured as described above. Upon conpl etion of each inmage
capture, a processor in conputer 28 then receives the inage data. |nage
collection 25 may further continue by capturing i nages of the sanple from
alternate positions and views of the sanple. As nentioned, the photon

em ssion data may represent the specific pixels on the CCD canmera 20 that
det ect photons over the duration of the inage capture period. Together, a
structured |ight photographic representation of the sanple and a 30

| um nescence representation of the sanple nay be conbined to forma
structured |ight superposition or overlay inmage. Because the inaging
apparatus 100 is typically wused to neasure the entire sanple 106, the data
in the | um nescence representation
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typically has one or nore distinct |um nescent portions of interest. 21 WO
03/ 006966 PCT/ US02/22162 |In one enbodi nent, the present invention includes
t he use oWosBnu®sared |ight during image capture. In thisPcagsp2/2ameyi ng
apparatus 100 provides a sequence of images of a snmall aninmal containing a
bi ol um nescent source. This sequence of 1inmages is taken at different

vi ewi ng angl es anggqg&jp%%the i nformati on necessary to 5 reconstruct the
| ocation, brightn P Y% <Si%e of the biol uninescent source within the
animal. Once the inmages are received by processor 28, one suitable
reconstruction algorithm (or inversion algorithm suitable for use with
the present invention is diffuse optical tonography. In order to apply

di ffuse optijcal tQMRHBAM Wsteld fot SaptR@ELHSRiAse 0Pa dRhFle Wiflea sdger8@hsur f ace
topol ogy of .the animal and to map the 10 bi ol um nescent emi ssion onto this
surface. | n SABNESHUEHTERPISEE surface topol ogy is acconplished using a

of 1T ght "t hat ar S grREeEPaY YA o Lt afins p MRS o about 30
degrees, for exa@éag)e{%&ogg%gﬁﬁg&gﬁ% ]Fo%ﬁt{@ll the ddlGerh rGSve BTk eATafulle ¥y PASS
an e bend In the T1

over the object, nes can be used to determne 15 the
hei ght of t lveesfisfideallaforai¢wingbathoemneatiat are illuninated by a structured
light projector 170. As shown in Fig. 2A, structured light projector 170

i s attached to arfdight gensaission d¢viss; g8 transni ssion device 111. In this
case, structured light Prqjector 170 %ﬁQSiStS of a Kohler illyumnation
system where a sl30evqable;stagsApRaralus Mejuding ? BRISPOY MecBaSAY ASRESN | mage of
the slide i sopfigired tesppoit the dampdarivithin thd higerfor ojretyt, said stapgbeing so@fled ar ge

enough to get .sufficient “bends in the |i ] Leve s . esol ution,
oot ot 1 R o Besh M for L ONET RO R SRRELE of <P
struct ured Ipogitions & seakiaterigr tavityasaid drapportapechanismangd spd light Wensgresdon | ght

i mges have t he

St act ured 1T0RE c%%%%&*?%?g?%g‘sﬂﬁg@f B P Rl R B LR B PAE RS (622)
As one of 25laBian [q capiire paid apegeRy JaihppReei ate, there are nunerous
conventional algorithnms for reconstructing a surface fromstructured |ight
i mges. For exanple, the phase shift of each Iline at all points on the

i mge can be determined froma conputationally- efficient 2D Fourier
transform The actual surface height is then conputed by "unw apping" the
phase map.

2. The system of claim 1 wherein the light transmission device comprises a

mirror that reflects light emitted from the sample towards the fixed datum.

3. The system of claim 2 wherein the fixed datum is a fixed axis passing though
the camera mount and perpendicular to a vertical wall of the imaging box.

4. The system of claim 3 wherein the light transmission device rotates about the
fixed axis.
5. The system of claim 3 wherein the moveable stage apparatus rotates the stage

about the fixed axis.

6. The system of claim 5 wherein the stage is substantially horizontal during
rotation about the fixed axis.
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30 Each structured light inmage provides the surface topol ogy for
approximately the facing half of the animal only. By taking inmages from
several wewsfgsangl es, e.g., about every 45 degrees, thecantSoz/e218D
surface of the animal can be reconstructed by "stitching" together the

partial surface reconstruction tal ned.f.,romeach vi.ew. Althou he

pr esent invgnti oﬁ[%ﬁégés[ﬁlgé) C&f@?u‘gﬁ%@nﬁ? W%a?sqlﬁs@ﬂge‘@%foé%?s g?[ﬁﬂges a
noveabl e st agge absaftilhe fixad axis. vi vo | magi ng applications, the present
invention is 22 WO 03/006966 PCT/US02/22162 suitable for other imaging
applications and may be tailored correspondingly. In addition, although
the present invention has been described with respect to_an iso] at e% box
12 and sepadate ddspysten ofglaipievherpigdhaedmmers mouReis siaatedon p Neisel Bl
relates to aislRngeahigne cabinet unit housing all inmagi ng components and
conput er processing 5 conponents therein. Further, the present invention is
scal abl e and nmay be adapted in size to fit to needs of a particular
application. Although various details have been omtted for brevity's
sake, obvio@®s dedihgrsysttmerfrelaimviesherayp dyriiompdishe stagelthat Shpped$ theé,ampée

pr esent exaqptrgﬁ‘s algito be considered as illustrative and not restrictive,
and the invéntiron is not to be limted to the details given herein, but my
be nodified 10 within the scope of the appended clains. 23 WD 03/ 006966
PCT/ US02/ 22162 What is clained is: 1. An imaging systemfor capturing an

i mage of a sampl ernd dyfted FaMBmM®D whékein theBEHvg coyptisacemppdrsitivgre @ray. magi ng
box having a set of walls enclosing an interior cavity; a camera nount
configured to position the canera relative to a fixed datumon one of said
wall's for viewing by the canera; a light transm ssion device; and a

nmoveabl e stdde apfersystam ofietdindi fugther incladimgerprocasshraniSgurahtp prosidage
configured t o) j £ [ J ity, said stage

bei ng coupl ecgnﬁ{)‘los?@%aest{o{b?gé%(@?&%&%ﬂéﬁ%?gnﬁ??&y}@%o ée %I%ﬁiéf the sanple to one
of a plurality of positions in said interior cavity, said transport

mechani sm and said |ight transm ssion device cooperating to direct |ight

reflected orjpem ttipdyheRorciish SawWR8inttRe Sidkéhsdr ¥ Eetther configured to perform

crash protection during movement of the moveable stage apparatus.

13.  The system of claim 1 further including a hardware based crash protection

measure disposed on the moveable stage.

14.  The system of claim 1 further including a structured light source configured to

transmit structured light onto the sample.

15.  The system of claim 14 wherein the processor is further configured to produce
a structured light representation using a structured light image obtained from said one

of a plurality of positions in said interior cavity.

16.  An imaging apparatus used in capturing an image of a sample, the imaging

apparatus comprising:
an imaging box including an interior cavity for receiving the sample;

a stage for supporting the sample;
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datumto capture said inmage by said canmera. 2. The systemof claiml
wherein the |ight transm ssion device conprises a mrror that reflects

| i ght emwDad/obdeén t he sanpl e towards the fixed datum 3. PChaiSeystiem of
claim2 wherein the fixed datumis a fixed axis passing though the canera

mount and perpendigcul.ar to.a.vertical |l of t.he i i box. ..4. . The

systemof claim 3 fﬁﬁtelf’rbelaﬁa“thﬁaéoﬁ ar%"iﬁe%ttpiﬁeslnn’}agg}gobr&&él\gi% %%a%?eo?gq)%ggﬁa 56Ut t he
fixed axis. tie mPhablygigeinaffirst diterti®;whér ei n t he noveabl e stage appar at us
rotates the stage about the fixed axis. 6. The systemof claim?5 wherein

the stage i s subgtsaprddinegr sesedtotaiteghedda ithenfirst linsehestuaion piiaghed kethei xed

axi s. 24 WOgP3L 0PALEETETS poRAndrl @ mokeabld Ba Sy Sl £IWcORd GikhiGh,> Wherein the
|l ight transm Ssion device rotates with the stage about the fixed axis. 8.
ThleI sys]E emhof cl &V%Bréin}éiﬁdrfﬁétﬂiﬂeal&aoﬁm&raﬁd ﬁ?drslecoina lﬁlb%l\}]h%t&d)r(mo@rmem i ca:c

wa of the set wa 9. .T ystem cl.aim 1l wherein a portion o
the stage t R @E&Fﬁ%@%ﬁ&eggﬁﬁé‘ﬁ gf?qsg[hoglﬁérf' %aﬁ{l}ntT&r FhY syst em of cl ai m
9 wherein the portion conprises a transparent wire array. 11. The system
of claim1 further including a processor configured to provide control
signals to a notor coupled to the noveabl e stage apparatus. 12. The system
of claim 11l wherein the processor is further configured to perform crash

protection dyri noryenygamRls @tldiia cTReakh@udh@s 8RR plibH evidSandihBglsy st em
neasur e

of claim1 further ingcluding a har re base rash, protection.

di sposed on t’?ﬁé‘“ﬁé’\?@é‘&l‘”@%‘f’ﬁﬁ@? tgﬁﬂgﬁﬁr@n&ﬁl@%ﬁ%‘fm%1Sé’|°H?lf8%‘fﬁ?’f’ Nefe el udi ng
a struct ur etbokiaghiconfsire®tocpaisingiiightl einditedtiroamm g shmpler toct fineddiatuing bf thent o t he
sanple. 15. l.'I' Sé?}tena of claim 14 wherein the processor is further

confi gured t'&pIEFRER Y Structured 1ight representation using a structured
| ight image obtained fromsaid one of a plurality of positions in said
interior cavity. 16. An inmagi ng apparatus used in capturing an inage of a

sanpl e, the jigMQI AR apparatus of claim 17 wherein the light transmission device comprises a
mirror that reflects light emitted from the sample towards the fixed datum.

19.  The apparatus of claim 17 wherein the fixed datum is a fixed axis
perpendicular to a vertical wall of the imaging box.

20.  The apparatus of claim 19 wherein the light reception device rotates about the

fixed axis.

21.  The apparatus of claim 16 wherein the first direction and the second direction

are orthogonal.

22.  The apparatus of claim 21 wherein the first linear actuator provides vertical
positioning for said stage and the second linear actuator provides horizontal

positioning for said stage.

23.  The apparatus of claim 16 wherein imaging box comprises a camera mount
adapted to receive a camera, the camera capable of capturing an image of the sample
within the interior cavity.
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apparatus conprising: an imaging box including an interior cavity for
receiving the sanple; a stage for supporting the sanple; 25 WO 03/006966
PCT/ USO2/aPX18m06%a6 fi rst | inear actuator attached to the i magiusg2/bxx2 and
capabl e of positioning the noveable stage in a first direction; and a
second linear actuator attached to the first linear actuator, attached to
the stage, and capable of positioning the noveable stage in a second

direction, ereif. sai ' [ t-or ' 14 near

act uat or sonder ot s Eh eyl itk OF Bl R RheBhes BRAe EEH] O
posi ti ons i APRARYS COMPBYIPIBE: cavity. 17. The apparatus of claim 16 further
including a light recepti on_gﬁv',ce and a light transm Islsi on devi ce,
wherei n the |i ghPRimaggibes ipsiutieg mrmisror cayily fograceivingdhs spRlRiy  box and
configured to transmt. light emtted fromthe sanple to a fixed datum of
the |ight recep?ﬁ%ﬁWJQV? 89“%%ﬁhqﬁﬁn’%ﬁgaatus of claim17 wherein the

| i ght transm ssion_device co iLses a, _.m Lo I emtted
fromthe sanple ﬁ&ﬁgﬁ}&’gﬂ%@%{?@g’ (i?élplt?%]to .Sgaﬁ%gﬁ %ﬁﬁg@gt% glgsqﬁ%# {Ogt}%i m 17
wher ei n_t he ifiagied batsuch thst the siagettnmssubgentdydioviadutel fovany weationalal  wal |
of the | magidgiBRYs nkthostiIRiRRAAELHP. At ibhahfbds aperein the |ight

reception device rotates a t he I xed a Z1. The apparatus of claim

16 wherein the fiyghrdizketel 36 pesiordifiCa®t BNl Oafi@8d telle@lighogonal .

22. The apparatqi of ﬁla|n121 wherein thF f|g§t |.i pear actuator provides
vertical psaritedfpmghe samplgiapleast pguialln glopg @ IEEL AN i near act uat or

provi des horizontal positioning for said stage. 23. The apparatus of claim
16 wherein i magi ng box conprises a canera nount adapted to receive a
canera, the canera capable of capturing an inmage of the sanple wthin the
interior cavity. 26 WO 03/006966 PCT/ US02/22162 24. An imagi ng appar at us

for capturing an "f‘l{gaa%f)al%fcus%f SRMRbLE wieén itH@s@eig@Qotates about the fixed axis within

the imaging box.

26.  The apparatus of claim 24 wherein the positioning arm is configured to rotate
between a first position and a second position, wherein the first and second position

have a different angle relative to the fixed axis.

27.  The apparatus of claim 24 wherein the positioning arm further includes a
second degree of freedom relative to said positioning arm, said second degree of

freedom capable of adapting the position of said stage relative to said mirror.
28.  The apparatus of claim 24 wherein a portion of the stage is transparent.

29. A method for imaging a sample, the sample supported by a stage moveable
within an imaging box, the imaging box coupled to a camera configured to capture an

image of the sample, the method including:
moving the stage to a first position in the imaging box;

capturing a first image of the sample from the first position using the camera;
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apparatus conprising: an imaging box including an interior cavity for
receiving the sanple; a stage for supporting the sanple; and a positioning
arm r ot abwg osoupbed to t he stage and rotably coupled to tReT/USoRgE1Y box
such that the stage remains substantially horizontal for any rotational

position of the posiktioni rmr ' t.he, i I 10 1 {101
attached to posi 5}03’51%%1%6 a#ragne %{ #eecﬁ%ld?ééjs\rﬁ?ocno%& ?ég{lﬁ%é&g%&?gvﬁe %@? thlgisg‘}]({r{d
em tted fropvsitien bampdifesnt prglsrelpivettd alfixpd ditompssodiatedwith dbaganers. The

apparat us ofy¢lfad B gi-ehy the stage rotates about the fixed axis within
t he inaging]hox. g%.ﬂ%ﬁg apparatus of claim 24 wherein the positioning arm

i's configured tocpahah€a sRVhWRRRsPoffthd SEmMOFoii tAB seddd Posif6PudnPaRi ti on,
wherein the first ‘and Second position have a different angle relative to

the fixed axf8%@27. The apparatus of claim 24 wherein the positioning arm
further includes a second degree of freedomrelative to said positioning
arm said second degree of freedom capable of adapting the position of

sai d stage ngl ati i i . Of . i 4 wherein a
portion of t3§'e stT\ffllgentl %éfégc%%%%ﬁphéggglﬁiﬁﬁe%@ﬁ%gﬁ% g?ln?&nﬁng%g%é) ah%s anple, the
sanpl e suppesamnpld fiym thesfitgeosi#oneabl e  within an i magi ng box, the inmaging
box coupled to a canera configured to capture an image of the sanple, the
met hod i ncluding: noving the stage to a first position in the imagi ng box;

capturing a _first _im f.the le. fromthe first posjti.on using the
canera; 27 WD 0?/1’86%%%6‘??’@%?1 %gg’g?f@zthe ﬁ]fﬁ}inﬁﬁget W@@igﬁﬁiénqlﬁesﬁe@gg%nd

posi tion i nahdehd thlgiimgedampriveepletogapiec deaond position has a different
angle relative to a fixed datum associated with the canera than the first
position; and capturing a second i mage of the sanmple fromthe second
position using the canera. 30. The nethod of claim29 further including
capturing a32hi r Thermagibodef elpign 2% wheretm the st end s§oord posiien kavgp diffgrentrpe
met hod of clab 3@ty @E Barhtlg. first image conprises |um nescent data

33. A stage apparatus for use with an imaging system for capturing an image of a
sample with a camera, the imaging system including an imaging box having a set of
walls defining an interior cavity, and a camera mounted relative to a fixed datum on

one of said walls, said stage apparatus comprising:
a light transmission device; and
a transport mechanism; and

a stage configured to support the sample within the interior cavity, said stage
being coupled to the transport mechanism for movement of the sample to one of a

plurality of positions in said interior cavity,

wherein said transport mechanism and said light transmission device
cooperate to direct light reflected or emitted from said sample on the stage to said
fixed datum to capture said image by said camera.

34.  The system of claim 33 wherein the light transmission device comprises a
mirror that reflects light emitted from the sample towards the fixed datum.
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and the third i mage conprises photographic data. 32. The nethod of claim 29
wherein the first and second position have a different angle relative to

t he camerwo 03806966 St age apparatus for use wi th an i magi ngPsydtsezefiez
capturing an inmage of a sanple with a canera, the imagi ng systemincl uding

an i magi ng X haying a set . of | I's defjning an interi.or cavity, and a
camer a m)unggd rglﬁ]&tsg%mtcgcéalmi%\é%eﬂ%ﬁlﬁhﬁ t“@H%mé?lo’égFﬂc‘?/\Hﬂtartgs, at%”.ff %‘est age
apparatus cdixptdidatung: a |ight transm ssion device; and a transport

mechani sm and a stage configured to support the sanple within the interior
cavity, said stage being coupled to the transport mechani smfor novenent
of the sanple to one of a plurality of positions in said interior cavity,

wher ei n sai @6t r ariSpoystemedleiaiinsih valmteis dhaisthgegh substantiohy betizomtal dax adleof
cooperate t i o d wreflected or emtted fromsaid sanple on the
stage to sai(géﬂéllﬁ@elg“ﬂ{&ﬁlr%otﬁ% capture said image by said canera. 34. The
systemof claim33 wherein the [ight transm ssion device conprises a

mrror that reflects light emtted fromthe sanple towards the fixed datum
28 WO 03/ 008966 PGE dy5ieay dzlhm 333bherdine myssreol thé stapathat Sppofietheisamblee

i ght trans 'ﬁrsi on d§vi ce rotates about the fixed datum 36. The system of
cl ai m 33 whét BPPFPAF8 st age is substantially horizontal for all of said
plurality of positions. 37. The system of claim 33 wherein a portion of the

stage that supports the sanple is transparent. 29
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