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|'i ght - pr odugiapitig @Bhilcatidrsanayt MEludd&RTySE GE o oPmBRERticAtioEITRheoARY be
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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 o 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.



PCTI LTS02/ 22162 I n view of the foregoing, an inproved inmagi stemth
enabl es the capture of inmages fromdifferent views w thout n‘%éﬁ’%@%ﬁmfra%‘)%

the posture of the sanple would be highly desirable. 5 SUMVARY OF THE

| NVENTI OWd tsopisesent i nvention rel ates to systens andpamidageaest or
capturing an inmage of a sanple. The sanple is placed on a noveabl e stage

o0 i TS e e PO TR g

portions thereof, e ca ] > ale erent Views, angles,
and posi t i opfsmagesHion differeniragwnyithivkroppsitiasing thopesie of the swmmkyWeHe posture
of the sanphe¢high}s dédiabisanpl e is-variably located within the imaging box, a
| i ght transm ssion device assists inmage capture by transmtting |ight
emtted or reflected 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 camnera. T?ﬁgﬁéocessor may al so provide control

of the rbveable 15 stage. In MRS §) WENmparent stage is used to

al l ow i mage capture from angles beneath the stage. In another
configuration, tie presegtiingentiysickaesao sputdnsemdancthodadomygptoong ahamdgag a set of

wal I s encl o [ r Lty The | nRel S: | | N des a
camera noun %g@%uﬁg S@%E@%%%n%%?@%r%%ee’%ﬂziinﬁglgg]? %%gk'f ielglgd dat um on
one of 20 tineveablelstage allows anvimage efithe srmnie eepertiansdhercef; e captied ¥ ssi on

devi ce. They b4yRgh 88m EN&ERNiAR0Aigla Nl posiEeRIOKife thedmABME BOL Rithhage

apparatys incl udin trans t chani,sm and .a_st configured to
sggport h e RO ?H‘i’sﬁ“‘f ﬁgtlil? ﬁaf"ﬁ?'o e sppple is E@ﬁ%ﬁe@ivg led to the
transport niezgagiton 4 tightromenission dévidelmosistaimpige daphuenty tramfmifting ightl ity of

it i s ' ' ' SROLL : ' he 25 |ight
posi tions i it Beod Bl&EdaGonf MY Eetﬂ%ple %Q%ahﬁf&% I 2 W%ﬁr& e 'g

. . 5 A
transm ssi on device cooperate to direct light re emtted fromthe
sanple to the fixed datumto capture the ima%e %/? t he Cﬁmera. Iayanot her

aspect, the i madPQge apser he Fresems ipyentionanelydes §50p uch A $lerd an
interior casupldftonhe etedrai Mhe pheesanphe akodroviéd agerof of theuppwableng t he
sanpl e. .The_ 1| I n us .t r ' ii'ﬁé% ' ctuat or
attac helc? tosﬁﬁ%gFﬁgg%%%gﬁﬁ%%@psﬁ g}) g%eagggﬁ?‘i{’om géait)ﬁq%aﬁn%lgeabl e
stage in a dnglesbentathdhe $taps. The i magi ng apparatus additionally conprises a
second |inear actuator attached to the first linear actuator, attached to
the stage, and gapmbiher ebnfp@fatibh, Ok Nthaking syB@ARInGritAge imhAgify bdecond
direction. .The fi rstf I near act uat or and th[il second | | ne Sro.acgt(té%or
cooperate tHVIBgGSFLY 37‘?515 Frelosmg an ofenep qavilyy The ypgeng §ysts A8E Y 8ns in the
i nterior caoaireye 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 inferior 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 positioni_ﬁg 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 caviiy.

2
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i magi ng apparatus includes a positioning arm rotably coupl 2@@9@4@“’&%@05
and rotably coupled to the imgi ng box such that the stage renains

subst ant ived byoobogs i zontal for any rotational position ofctise2pnsiti oning
armrelative the imagi ng box. The inmagi ng apparatus additionally includes a
mrror 5 attacheﬁj1 1 gﬁliti oni nglaarm .The mrror g confi.gur.ed to reflect
light emitted frontHECNE, ANcE: 2he Tiagme gopapaiug Ff/fu FohFF P Red Bat um In
anot her aspwtably cdwpladriodhe stage and| mtably cavplad e tieoithating bonmgénthatitbeanpl e. The
sanpl e is SyRROKhRGs RbstnBhIRORorTBNERRE GnyVidtticRalqidsHBRAE B RRifiohingt 1S
coupled to a c?rr,er confjigured_to, caglt ure an | geﬁﬁ)f, the sanpl é. The

met hod i ncl FHCISS fegnegng Rex. AEWE APPYY aﬂﬁg@ﬂ DoiRcluges -3 @17%%agi ng box.
The met hbd attashed to pbsiti@sngcamt (The adrrér is Eonfighred ragRecn tightheiisdfpinethier om t he
first positj [ T thod further includes noving the
stage to a ésagicb})n I%gtséapﬁgﬁgilaﬁé?ﬁée@%ang?ng box. The second position has a
different angle relative to _a _fixed datum associated with the canmera than
the first positiBanotheraspast Hisdnvsaton relsies te 3 mpethed {pa duagings winpky Tesecond

i magﬁ of lﬁniﬂmsﬁamﬂned byamtalgélﬁ}o&eibwkditmﬂaﬁ irhaing tsix thet tieoupkdes a. | n .ﬁti | |
anot her aspect.. 1 inyention relates.,o a stage appa r e with an
i g, oy cegiern gl B tbRe EERRE B b il "3Rs BRABH Hifre BlouHEC, ¢

i magi ngl0 sytbe siags ect irdieposidion ithe imaginedhoxh e mythad slse ingfudeigapBrigg i ni ng an

interior cagst ﬁhag@ﬂﬂthe Sanyd b M&tp%ﬁtiéﬁhs%ié HE cdnferd Tﬂe%ﬁéﬁ;daeﬁﬂlﬁ@ron one of
the wall s. Tglfl{lSta e apparatus 20 é}g{fgrl,ses, a.li.ght, transm, ssi on devi ce,

and a transBeFfes g Y?%i%gﬂrﬁtagf'h@ & PG oiiingy iy e Ipagieg, box. dbF §8€89a st age
confi gur ed positioufhae atdifférent sapielrelativet foi anfikddedatuat @ssocinted eathi thy cahene t he
stage is ¢ r H@ﬁ 1 . sanple to
one of a p?‘&l}% |tﬁ§r/§8£)§§%&s'i |§ﬁ%£ﬁtdn [ he ' '?%}rh{ldééc avi I@T}E‘?ﬁéuﬁb&nﬁport
nmechani ¥m ahel samde fipgike sepapd pasitien wngdbesaseere ooperate to direct |ight
reflected or 25 emitted fromthe sanple on the stage to the fixed datumto

capture the iWagﬁsiﬂYaﬂdﬁ&rT&!‘Eﬁhﬁinv&ﬂ’lbﬁ@el@t@ﬁo@ts’fagéaﬁp@ﬁtuslf@ﬁls@ﬁzithlaﬂ pr esent
in
g

descri pti or BB E i h RO et Sh POt ke TPARPEREng
figures. 30system includes an imaging box having a set of walls defining an interior cavity, and
a camera mounted relative to a fixed datam 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 fransmission 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



15 Decenber 2005 WO 03/006966 PCTI US02/ 22162 BRI EF DESCRI PTlrﬁ\l THE,%‘Z
DRAW NGS The present invention is illustrated by way of exa t %95
way of limtation, in the figures of the acconpanying draw ngs and in

whi ch | i keo oxdoessence nunerals refer to simlar el enengsryadagaiige Wwhi ch: 5
Figure 1A is a perspective view of an inmagi ng systemincluding an inmagi ng
box adapted to capture inmages in accordance with one enbodi nent of the
invention. Figure 1B illu I nts of the imging
box of Figure 1A in acco%&gﬁ%m&ﬁpﬁhmwagt he present
invention. Figure 2A illustrates a top perspective view of the conponents

in the box of {emregrtcinyention dhilluseatesidose ap of wedniple, radwoeby sapwing t he
noveabl e Stﬁﬁﬂatﬁhrﬁ%é Yightel 6f¢ha aédoﬁ@dnr_}tﬁ@g s ASCRANIRBE BkdMekdlerRB e

enbodi ment of t e sent inventio fﬂlﬁlgre 2 illustrates a top

per spect i ve™H% ﬂmélm%ﬁe@#t a0 W box of Figure 1A with the
exterior walls renoved showi ng the noveabl e stage bel ow and off-center
fromthe fixed déguenlinis aqeopertive siew eflandmegingbstimnincludipg antimagingsent 15

i nvention. xGidkRedfe capilitdShb ﬁ?ac@oﬁi%ePﬂh%{%@&ﬁﬁo\dﬁnéﬂtﬁf\fhﬁnv%ﬂ%nco”ponemS
in the box of I gure 1A W|t the exterior walls renoved ShOWI ng the

noveabl e st age ve romt f ed dat ccordance’

wi th one enbodi ﬂ;ggﬂf ég Lﬁ‘t‘? algs @5@%[1““?41 P © Fie 02‘[5’ lﬁ‘ffﬁtrat es an
i nternal siHdeimﬂcemﬂm:fcemﬁlodeembddimamdfihmpwsmgmwmbmded for.-the box of
Figure 1A in accordance wth one embodi ment of the present invention.

Figure 2€ i1 USigakeoaaliuhiiees i) pdBotRENERPGH Y Eonp cﬁl\%@ﬁnale%sé%fmll and
housi nglfor t he box .of Fl ure 1 |n acc(i)a ance with anE‘: enbo nt of the

present10 i RigHEi1on Wigisthejegicrior wells rampypd shovang, the meysapicctiagsi | i ght
transni ssi dselost 4 fiked datm nSicagdantdreith o@ﬁmliodmmfsthamasedﬁnvemon ncI uded in
box of Figure 1A, Figures 3A and 3B illustrate a top and si de view,

respect ively. Ofdfiers el ng%gﬁeme%mfw%&gpﬁeﬁ&sm?@bgw@ |Ain

accordance with resent Decenber
2005 WO 03/0g89dd witlr thegeyioriop wells removed showmg 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 vic;w of a side wall and housing included
for the box of Figure 1A in accordance with one embodiment of the present invention.

Figure 2F 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.



Figure 3Cillustrates a top perspective view of drawer and elegtroni
conponents housed therein in accordance with one enbodi mentelﬁ I'BEJQ{QQOS
invention. Figure 4A illustrates a top perspective view of the conponents

in the be&xo ®fooedss Fi gure 1A with the exterior walls renmyggkozbagd ng t he
noveabl e stage directly below a fixed datumin accordance wi th anot her

enbodi nent of t@e@gre%sggn i nventi on. Fiq%ure 4B il lystrate ? t op
perspect i ve vi eW' @ tHe LHHBERe P PRSPFEVHFEVHT BRYEH 824 KISFHPHC t he
exterior watdngponeni® hiedbed thareingint dveordmee apiile o8¢ agdotieleawvobinitt pebdnt cent er
fromthe fi; %ﬁ atumin accordance with another embodi ment of the 10
present inventron. Figure 4Cillustrates a top perspective view of the
conponents in the box of Figure IAwth the exterior walls renoyed show ng
the noveabl e st du@rafOHUSHRS 89D PEWREBR IVHAE thp companets dutghox R accor dance
with and heFiWiuﬁﬁnﬂlg @ktetibe walle gdived is}ri]mﬁﬁg it modabl gag_’eEdiéela]Eljrl Ihust rates
a gearing ani.s ed. tQ intai.n the horizonta k t he
Toveabl 6 st i B PP inaRoqtRinge BUP aleer SRHAOH B melRSh kBl ' "0r (he
present invention. Figure 5 is a process flowillustrating a _method of
capturi ng phot odigishB ilustrates aigpresmesitve viavaefahe campryctts &1 theedgX 9§ appar at us
of Figure |fghd 12CGHAH WRNGEerith tAlls Zh¥BE s theandvestile blige Bolew Rl

DESCR P11 ORI et Bl Echo e it NGt SRR L B 05 ent i on

nuner oud) gpesenfineengomodi ments are set forth in order to provide a thorough
under st-andi ng of the invention. However, as wll be apparent to those

skil'l fed i 3 t h_el Figure %@@1@&%@9&%@&@%@%@% 6‘1&%& B&npunest i 8d chTok\ou: ht hese
specific i or, usi ng al terna el.enents of. processes. ot her

i nst ances wWaEHe iﬁc}Wﬁ %‘F ‘E?Et%tggé?‘?:hs fﬁ“@@%‘ﬁwg’éﬁgﬁ%’ﬁﬂ%{#@ﬁ{aﬁ? Ehrfﬁﬁa%q ‘i‘i?ui ts have
not been desfter o the fidel dithm o acerdande with anutler esbadiimeyt ofGhs presant aspect s of

t he present. éﬁrgﬁt ion. 10 I. Imaging Systeml|ln one aspect, the present
. . 1 1 . . . .
invention relates generally to inproved i maging systens. Figure 1A
illustrates an inmaging system 10 adapted to capture phot aphi c
15 Figuge 48 ill%strates a gearing F1)11f:ch.'=11:xisr|1 useg to mair?tgin ﬂ?g Iilogzontal
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 capfuring photographic and
luminescence images using the imaging apparatus of Figure 1A in accordence with
20  one embodiment of the present invention.



and | um nescence images in accordance with one enbodi nent of1é£)e resent 05
i nvention. The system 10 provi des user autonated control of i §&D%H§ﬁﬁr?e0

in an 15 i magi ng box 12. The imagi ng system 10 is al so useful for capturing
and constwaieidossge Structured |ight i nmages. The inagi ngecaysdoemd0 conpri ses
an imagi ng box 12 adapted to receive a light-emtting sanple in which | ow
intensity light, e.g., luciferase-based |um nescence, is to be detected.

The i magi ng box 12 includes a j hide 20 vertical wall of the
box having a camera nount 109 ?@PM@?@%&@ 1gpt ed to receive a canera.
The i nmagi ng boxid3ud %’olﬁﬂﬁﬁg QAR H&cﬁ?ﬁidﬁ' 600k frb&bt invehtid®, numeRagntially
all external Il jght Is prevented fromentering {he hQox .12 f&,omﬁﬁ e anbi ent
Moo A hi gRei ErbadplyS e s Rt Sffet iR A PR iR .- coupl o
devi ce 25 ine@i)n. c dimwexer? s will @t dppadestdtot thotehskillednip thg doipxhel Brepamef er abl y

t hrough &4 h 1 i i aﬁ@% anera 20
i's capabslt e%f&%%ﬁﬁg%r%%dﬁg@ﬁﬁh%%ﬁ%ﬁ%{gg'rihh%%f(1309(}13%6 ret ection
based i magedgmenifage Prefessene Baahee insigneasi iell Heopaapiopsssoeroredurghe CCD
camera 20 mRpeRints) B didculiehse abebkel Mesdribdilin (dafail So 8OLGtaE wSiecdsEy a
refrigeratig}n devi c?%zltzththat C. clﬁs a cryogenic fluid through 30 the CCD
camera vi a ORI ASPECS,OF thopresent ISINOL. of i gerati on device is the

"CRYOTI GER(r)" conpressor, which can be obtained from | GC APD Cryogenics
Inc., Allentown, PA. O her refrigerants, such as liquid nitrogen or solid
state devices, may be used to cool the CCD canera 20. 6 15 Decenber 2005

WO 03/ 0@6966 PChhASRREW#HS2 An | mage processing unit 26 optionally
interfaces between canera 20 and a conputer 28 through cables 30 and 32,

respectively. The conputer, 28 ich V. Vi Sl ,
typically conpr ?’% gue 250eeh ﬁheu?ﬁb“sfe\ﬁggw‘f%gﬁ %1%%% §?‘£\e§ﬁ%atr° d'v\ﬂgﬁog% I?nl’:ll%éi%l ng a
processor, spsems. \Figanddrilngtstes e magingrsusiero A adapéesido seniwre phetpgaghis and
read-onl y nRIOMMideRMe iBARs GhSkoctiihitd wRRMRRBEGhSodife- of NAI fresint ve, CD,
fl oppy drive, etc.)l_k The ¢ Erpute 28 al so |ch udels di spl 38 and. i nput
devi cos  sEiFItan. 3 The Fistem 40 PEPviicg Ui quiemaisd cpRl o ipaEG apeEe FLat
communildat iimaging béx 12 afliednaging systenell is also usdfe fonmgturigg bekeoh&ruetiag cabl e 34.

To provi de oAt and control for these conponents, the conputer 28
10 incl udes‘?&gur%g etl%fg%bé'essi ng hardware and software configured to provide

out put for o . . .
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

To0L.

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
Juminescent 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. '



controlling any of the devices in the inmaging box 12. The pr sin
hardware and software may include an 1/0O card, control Iogi'g%c’eﬁ‘ber 2005

controlling any of the conponents of the inmaging system 10, and a suitable
gr aphi calwoismooedetit er f ace for the i maging system.10. ddguwesnst er 28 al so
I ncl udes suitabl e processi ng hardware and software 15 for the canmera 20
such as addition har d sof and cessing logic
For processi ng I PR OTeR HAseRsy iy nletees Bestsoh epepb PO ARL

control | ed dmputes 28 tnpughesabl283 thad 3i2m$pactevetyhéfhcmpwteﬂ8 whikemapber s

responsi bl ey g sﬁgﬂﬁrg{;@qgﬁeﬂrg n%%{ GnfT 26Ot f}cﬁmnﬁdr@\!vﬁef or
position co,nt;léé pporti ng t | e, e canera |ens,
f-stop, et ciichfiag agEpeEsioR r&%qmtc%mpozﬂentﬁﬁw @-%%@sw@%wt var e,

har dwar & orand mrtrbmmarhd:m;zt(hampﬁnd disie d@;@muﬁ;pdmeat@ (agscaardcdrmwmngat es with
a displ ay 3& ?rdr écggt Lllﬂg %Ig&gcr%nél%g ﬁ?\#}sj Phis ﬁl %l%été %{1&'%1§Et d&Xces way  of

exanpl e, t He X
measur ementsugh a@ml@ﬁboaa‘sé@ alildﬁmeﬂsﬁeﬂ@e wmomput«?a% a lncﬂﬂﬁlmlﬁ@a’(!@%?ﬂtho vi ew

i mgi ng  r egkiblScadipdnaits R (R @B b i Bvih 8dRe 34 control the imaging system
10. 25 The processing hardware and sof twar e may aI so |ncI ude a suitable
processor confi.gured tonﬁ)[rov ntro Bked to a

| s
noveabl e stage imcl" BY)‘Q%CO A 011? %ﬂ%o%so ?ES%‘PP‘FFEEI eco u%(lgonflgured to
pr event 1& heinsitidayesuitatderpooessiag hirdwaretahé sofwgne confignisdits pxomde e@upue®r duri ng

rovenent of o ek a9 of hd d@&leas%%ﬁ%ﬁ Bt 93, Tﬁyﬁ%ﬁsﬁﬁﬁahmﬁﬁﬁe%@cessor may

al so be app‘i per ari &ﬁ% roces unctions descri bed
herei n. ForSoBwarsing, ingly oéﬁ?ﬁt’f H’lgé'ﬂy Pf) B FIBRADENLS 5
struct ured dfl fbtimagng epston 40 ﬂﬂsa bisiiablg grapBical nses tinterdate Iforgtht inagiges t aken

from one orcye RIS, BRSNS Ay lRITEEAR e RSB EARL: 53 The

i magi ng_systen ores oma varie vi ews
and posid i dhs ths cameras&(hwl-ldl melaédﬂtlm@ltrmagm lmimata sudiwaren cwd imeg8es may be
35 used in ﬂere\Jém{g)logiEe}gfﬂ‘a inftab@SodiRdd Hynad SR rPIR| Othfongts one or

nore representations of em ssions frominter ortions of eci nen

super i rrpgsé't’:? Eﬂfegb?tg% MEF’I@MWE?S@% §6?P‘§§§Pgez§?

phot ogr aphi camegp2® $&nt,adrieosy mbretmetompeq:onﬁlie fbnpmyﬁmnen:ﬂntrdll ofeatsfage he i nagi ng

system 10 | 5ot ('safp® 8R%aBlh Y6k GG, ofd)! 'f%o8hud JOHa) N onSTLY
Pim A

l'i ght source escence 1ro e- expressin

f1 uor es?@endékeffh@ﬁflrml Qf@pﬁ@@‘pdgrdwm @rcam@ﬂ)maaﬁ@thewef | Th@ecompn@r 2%@489 ntensity
l'ight sour Cc%m&aﬁmdaés emhtat ﬁ991éfmoaa%s@hnglnﬁagﬁegr infhrat@dn b iehiseenBF t i ng

obj ects or v?a?rng% examp. e Hnengigpl %ude b]:ao.':{ n?o)%rrlplv{erﬁlch presen?s an image
measurement graphical user interface (GUI) that allows the user to view imaging
results and also acts an inferface to control the imaging system 10.

25 The processing hardware and software may also inciude 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

 astructured 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 wused in in-vivo imaging applications that include analysis of one or more
representations of emissions from internal portions of a specimen superimposed on a
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culture plates, multi-well plates (including 96, 384 and 86 | glite
and animals or plants containing light-emtting nol ecul es, i
manmal i an subjects including mce containing |uciferase expressing cells.

I n one appd vp@tdcen, the sanple is a biological specinegrgedatadigd ng | i ght
10 producing cells. The resulting |um nescence image may therefore be

captured w thout sin |gt sources other than . he samle.itself.

Lumi nescenddf re?é’#ﬁ’f”é 4t the Spesiey Eiﬁ‘ﬁ%’fiﬁﬁ? otg pUeF e on to
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particulzar anRgd t-emnm?g&éctm &@mdhrmgememé dseahmpk, tisak| ection of

Smdfe??ﬁeﬁhlvéﬁ”s it uﬁ@wbﬁnfﬁﬁﬁafeéﬁgégr% A pehrel BB R S oy O

ge may
di spl ay nagmlamdeomahmgélghtequémgnmlﬁgﬂdshembW@tvemuscnmmsal@n Sslbﬂéctﬁndl vi dual
det ect or 1?3?1'11&111 ﬁﬂce%_%%“&lﬁ?&;fd&é@@e@?é?ﬁhgce@l@ tting radiation (e.g.,

phot ons) w appear 1nt um nescence |mage The | um nescence I mages

may i ndicate the presence of bi oconpat,i nt| for .exanp The
entity can be a%ﬂocfn@c"tﬂp ca c&'ﬁ i"ufs a bi %31? %I\F/‘%rb part icle

or the 10 keprodibitg, cdl. i ﬂ"hmramﬂtmgallu;nmescenwlma:gel mehe thegefore chd ngfﬂlnndal i zation
of a bioconpat b gﬁgpﬁ Slcbfboivi@ky. the

i nformation’i nou?uﬁnfﬁy ﬁ%]o%fﬁréés e use St&gpuf’?tg%f( ﬁﬁmﬁ%%cacl | zati on of the
entity oversampleds rqopidechpy afuastiomef pasitign tapdpes the hnsseaes Brages Brea di gital
0err| aydl t”%@ro’ﬁ@ht@bh&efﬁh g USigh Wed ogi% fhoRgephicluventins, m’adges rieader is
referre Vi

i ncor por at e@swegﬁsgfﬂﬁtgﬁ}wﬁél -‘2’&%}1"*&8" %IIQ‘E %%ﬁ@gﬁ) ’c@é%t he® present

i nvent i in renkizt discldsoread thahpeginh i isgoparaiedisreuby widirence faspll puippess | nagi ng
operations. Figure 111 illustrates the external conponents of i maging box

12 of t Figure 1Ap %J%Xﬁﬁﬁaﬁsgc%&wghﬁﬁ? ﬁt @-@%ﬁhﬁt@ﬁéncgfuﬂaﬁ@ r@ﬁr@@tﬁl@t af box 12
i nventi on gur es ,2A. -D.ilJustra nt er nent s 0X

in 15 DecerﬂS’QFcu?Bd’g 3?&9‘%? %W‘ﬁé‘l‘?y%@]?;@ﬂ ?l’ﬁﬂeéﬁa%"ﬂﬂ% ari ous
enbodi ment sovef a tefnediamensf tim el dther. wdrds; thedbminkeencedpkgegmayadisplant us
descri bed 0, [ €4h using a
Caner & courl R palfes TeprE @R e hiBbal RAS 1B el A ekl P e%“% s

i |1 ust rié edRsgiany ef dlesorsanugle ¢migting radlatmn (eg PhOtonS) will~ appear 111 the

luminescence 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 ope 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



5 open position, showing an interior cavity 44 for receivi nglib%sa%.
e empes 2005

The interior cavity 44 is defined by opposing side encl osur
and 103b (103b visible in Figure 2D), a light-tight partition 52 on the

bottom avd eamopmpnel (not shown), a back enclosure panmiteksizzagd a front
wal | 48 defining a cavity opening 49 into the interior cavity 44. 10 Bel ow

the cavity 44 is a s_%al |.er conHart ment. separ at ed .t heref :Ogm hy the
| i ght - t i ght 26edEgceivEth ggious; gmbodiments of ther pessntgpvepHoe HEach 81827 | oor for
the cavity dpparatuk de@ribedodrb ogphable pf caphirihg Jidink@y of aoamAletibok 1Pusiug des a

housi ng spa ' ' dapted to slideably receive a drawer 54 though a
front openi%gle%doﬁglﬁe@ re?oh the body 14. The drawer 54 houses el ectronic

conponents 56 which are in electrical, 15 conmunication with the conputer 28
(Figure 1A) and &owersin FigiedBs thedmpainehes]? is finstgiet vitbadowsf L& RE2 hox 14. In
a Spleci fjﬁ @eh@déiﬂllamtsimltrihg airllfiiﬁaﬁbl 'digaﬁqx%&grhaﬁi_vmg thf)léamﬂé I’I‘ﬁﬁﬁl’c@*forabsui L a(l:j)l e
nmetal such as..stee at chabl e.door LS _pi.¥ota at.tached. t.0 box body
14 by way ofVHY %Esdeﬁ%ed %OPB?FI%SF etmﬂf)ﬂ]ée 8r"°‘1 (rL)Hé%b ggsbe‘crfs 1reougn t he

cl osed posi Figum 289, s hghtrightpartitpars2 @othe boitam, taHtep psh(nebsliovinhre taskshown i n

Figure 113..RsiBPathan Q%8 HdnPRall 49 QEfinksh £BARY SPenittS inRFEE SRerdp the
cavity 44 thrpug@ the opening 49. In the ¢losed position, door 18 prevents

access to tHELE ity interior 44 through the cavity opening 49. Referring
now primarily to Figures 2A-E, various internal conponents of box 12
(shown 1th br okeBeldwmds) canity 144niow dmallde sompdoiadni sepamtedrtieraten iyt the one

enbodi ment 25 Gl ARG 85 ANL bty SBELORE whibg Wrfes 26a ool BR BERSPECT i Ve Vi ew
ents I n one@ %éétl tah ﬁlﬂg gy?]

of the comp e exterror wa renove oW ng stage

204 direct | ol aobodimey thesmaler qympartment rovdes; & hausingnsnaes #BBIBve vi ew of
t he conponefgted fo Bakatl? raveivd af digweresd Bibhgl a Wohi SpehEAseBnAdiDN thy St age 204

bel ow and qof f-center fromfjxed datum. 10/7. Fi IS a Lop.perspective
vi ew of thgb"%ﬁ%on@?ﬁ éra‘v?; %ioﬁouf‘azg #ﬁﬁ)n{chcgn'{,?aneé;% gef?”ﬁ“r%hv%(? fnselF‘%flr%a\?;ed show ng
stage 204 aloowmmaatioroith glencampuiar &t (Figuesd 1 Alasndneontrol7variohy cenepa@ents s an

[t ernal ol pbhdthob B%ot4510% ks GanYAbinc B3 mants phoYS haga 10 i ¢ hout

| ight transm ssion device 111. Figdre Is an Internal top perspective
vi ew of si &@%ﬂ@ﬂ@@ﬁﬁ%‘ﬁ@hﬁé‘ﬁ?ﬁ 4%55%f-t hout |i ght transmi ssion device
111. Figures 2A-E are all shown with door 18 and exterior walls renoved for

35 illustrationA BichablOdaeiBds pi2cGally WAcHH/10 060 balyPSTHyUBGAHI2ige2 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 datom
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. '



Referring to Figures 2C 2E, canera 20 is nounted to side hous] 16 'thz
the camera lens 100 in view of interior cavity 44 through aﬁlb Cqmger 005
formed in side wall 103b of box 12. The canera lens 100 is optically

coupl ed twoesmesa 20 of Figure 1A and includes a userpepmg@liked aperture
or F-stop ring 102 for adjusting the F-stop or 5 aperture of |ens 100,

t hereby nodul ating the anpount_ of |ight passing through the lens. A

Navitar, f 0.95R 19 Frapresel{s2E.comge 286 moyrdid togide heusingnldradth hs  100. The
F-stop  ri ngmbBlehsrjoudefevesfistribedaei iathkonchiagoasied fhert in tilawaengage a

ear 104 drjMen F- st mot-an . 105. . The E-stop notor 1S, 1N
gl ectri cal @éﬁﬁ’ﬁﬁ%{}%gi%}lﬁ c%n?x% l‘tﬂﬁel% & Oé)ilf’arqyccg}lp 1%%%%%8%2? q:f%?gglﬁedﬁ%ont roll ed
by conput erandgnch@iss kaisericpnirglled tahestupendr-stop Bng 162 fomddjastingdbeBsiop ok n conput er
(FI GURE 2 Peiete 0fithd 1402 aicely wodliRlhghe At &Pl e MEb il e o e et
The focusi ﬁ?ﬁ%ﬁaﬁ&ggﬂ%ﬁg@ﬁgnéml l%f?ﬁﬂﬁﬁ'ﬁs%raq?ﬁ n e;#%tf’ﬁtionary .
porti on nouideeld?tinciudep eircuhdersntially dpesad teathriim atidage p gedr 1 Ohddveaby anncl udes a
t hreaded b I - geabl j : 15
I ncl udes aoﬁﬁﬁtg}é%%ﬁd%?sﬁf}?ﬁggﬁqgégg?é%gﬁﬁ?y el tgof%?)&?%a?g%gﬁﬂéﬁ ©
cor r espondi $esirifel ampopsiied6 androgirolled by semputereds Golegivelypite motord03 o nove

camer a (ensand@Q@rdcdiser @6MButerTIBroofdite fcfpdsiios tHeTetép ofnON00L 14 is in
el ectrical comunication with the electrical conponents 56 and controlled

by a processor ingluded i Q fakl QuEe | A: ' tum

represents a fi)&goclusgég gﬁ%%ﬁgﬁ%@éﬁ%@ 2551’?2"3’%‘_‘2“6 lrfrﬁbeaj g%ﬁ%fl%ﬁogo | ens 100

into the i rthelons fordawising thareast Thadoaysing nechapisgsinciudes # lereaupaert JAT 107

extends framydi a's%@%ﬁuf@mﬁ@f{ hfoﬁntbd‘to%lpgérrh%ﬁéiﬁ@m aﬁidtﬁh@sabne?bigwnm& pendi cul ar
L&

26 £) . Thi snclitearh Saied e Hiay th Jol 106 SPLECTEBGEH WA PAT ary i s

O

2A-E). Thi dogludess Hhaep
t hat prigvi dedudes reflekkhatcis|driven bf a dodttled el 10 drowgdh & terctpomdimpalive nechani sm
202 and th i I L. $Si ' e en to

i rect 11 grpieEH o 3A0h Tk A BVLE Bl b in ORGSR, o HACKERCIHECT |0
canera | ensamen less doqys upetor hidydss implestsigely eonpauniogiion ¥t thenelmitigaRE 2C, a

canera nourmpOfentsSeahl asdiRed By £pideeshin bichidgd konPlites 28lef Makt 1A03b. Camer a
nount 109 is adapted to receive and position canmera 20 relative to fixed

datum 107 for view ng,of sanple 1 ithin.cavity 44 I . 30 Wile
canera 20 is ca&aﬁ%‘e@ Wéﬂn%?ﬁﬁaqﬁﬁ%nfe%qna%?ﬁgcﬂl?#ﬁ%ggg{ﬁ &3&?0%%% ection
based 20nmades)!08fints drhteriarG@yity 44 disthabeolX eitsistthy Bxadrdsbigh 1@70odends ure

| umi nescenggnl ARGERrol BT H a dBdRhAubRmBRYy SEPicufr $8EI%a000ph €d devi ce

(CCD), a photodiode array, _a photogat [ray,. or. s lar i e.capture
devi ce. A rfddyBrer ﬁaeaf@gfye%aﬁa%%raée@d@si 12Y7eg -éh @Si%ﬂﬁ‘z forvity 4a,
and i ncl udetrity, 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 sirilar image capture device.

A moveable stage apparatus 200 is disposed in interior cavity 44, and includes
35  a transport mechanism 202 and a stage 204 to support the light-emitting sample 106.
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35 a transport nmechani sm 202 and a stage 204 to support theﬂd)&ht-enbtti
sanpl e 106. 10 15 Decenmber 2005 WO 031006966 PCT1US02122162 EHRBPE
apparatus 200 is capable of two degrees of freedom novenent to reposition

t he stagev®isbogsand sanple 106) to a plurality of positpcngsenediép n i nterior
cavity 44. Any one position therebetween may be retained for inmage capture.

As shown in Fi es 2A-C, tran ani s 0 |nthee odiment 5
conpri ses t VEI%F]ﬁe%ﬁgc &EP%%?@O 120’81’ fz‘t“}’g %gﬁe%&ﬁ eéf’mst%vﬂnﬁ?ltt Ally

per pendi cul rapositionahe stage2(iefand Eagle [106)aan Iﬁualugtoﬁpoﬂﬁﬁrsanﬂhuﬁm&ﬂos capabl e
of positi ond 9%5;?;‘%,?31235%051‘53 &éﬂe%y 3 Ogl ng%f’ﬁe(a% é’@agﬁfé uat or. Linear

act uat or tica posi or stag 4 whi | e I | near
act uat or 208 provi des horj zont sitionin for t.age

actuat or 206 ha<*FneVadR FiFaFey 236@ HHASPIh M "’é‘ﬁ?ﬁ’ m)bl l e
portion 5t taatpeisesttaro llinsaactuaiotstZdb and Zwonehtedaambamnmqurpémﬁcuﬂm% a

e one LY cu RN AN Bl 20 A5f a0 BBRL o@ﬁ&s@pﬂgeag@ gnd a nobile

pOI’t ion att ache n exa act uat or
sui tabl e fdme@iise alongt the rﬂsmmrﬂ@matﬁ’éch e pctertor; 206G reyides yaretliced by

Thgmégg | In f&fs @Q@)lll %Oﬁﬁé'ihﬂéﬁta?éfham{ DS/ pr Gikids hoEiasital bsi@@ﬁngaﬁi: uat grt 206
an a50| es ac imtin v r end to
restrict & e ?tmf g@%ﬁ"@ﬁ §a %ﬁgﬁ’c@&?}bf‘% h??g% th ?’"giﬁ Sport
mechani Hm Zﬁélnkar]mﬁmnadﬂayhedrm linebe sictaaterc?080f Lipess iattuatnr 2¢nkasaselativaly are
operably coyp oﬁ%y?%ﬂfo%eaé%%m%q{uﬁﬁaacﬁlgtopﬁ@élhﬁjc?am% Bhich SRERE Ko t O control

the position IS case position sensors include a

string or t¥AgA 286 WX&@@E ofzome Secholinsareacirator udavkior g5 Mhe FrapgEo™ 04 whi | e
the ot her Qﬂé&hmﬁs@tzbaqbamct@a rddala O THimsoR ahaiRds of Pogshitilon, Based on

t he anmount rin wou r and e .h of the
string 144 ﬁ%% h%egﬁ %&t%rrn%ﬁf;n%ld @3 ﬁk’é’n]&f]ﬁa% dlésp([ﬁc%leﬁch SetWeen t he
stage 234 aleslicesm @@mﬂ td eegiricl(mhotion aldng Shwit rwe@i’vaﬁgﬁlbﬂgp?r’é@isst ance of the
string with length and by using a |ook-up table in conputer 28 to carry out

the ConverSI On)metran Bﬂh&eﬁmﬁﬁiﬂm' éHabl mmdwg&bmsmﬂsaﬁow&erVI ded by
a | aser 05|t| e r& erlor c ﬁr 'g %1 &ﬁ@% t he r{éeable st age
S0a et a st § PR Mq dathecsompyter 26 i Bovide e Bt edbaek o 0B S "¢ hen be
used to calpokmamef dtipe 204 s ilh thdscasd, thetﬂmhnmmairkmchﬂagetrﬁgorﬂmastmgnmn

v oAl 974 EhAC B AndRARLED Mne Aol vAGL ' eﬁe,fcﬁ@ aftifloi8G talROST L i On

sensors 21 8P prOV| Qop p05|t|on
cont r 0l20f orupgee g2 Giagurs 2A)-nBrsad en thsrameny afywtripg, 14fsyound on the reel and

the total length of the siring 144, computer 28 can dcterrmne 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 cavily 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

i

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
inclhided 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 controt signals provided by computer 28
and position stage 204 accordingly. The motion of stage 204 between image capture
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30 specifically, a user, via conmputer 28, may input one or ositio
for stage 204 along a substantially circular path about fi ﬁ%ﬁ%ﬁfﬁbﬁfﬁoos
I n one enbodi nent, a user provides a viewing angle for stage 204 rel ative

to fixedw@bivwek®7. Software included in conputer 28 pdyaisogiwerts the

viewing angle into control signals for noving each of the |linear actuators
206 and 208. Mbtors |ncluded in each of the two | negr. a tors 206 and
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reception Biage B%sAs‘thestaEct glpbﬁmﬂiéd ielohg thercirtdar Imthsabnwithé stawnwymsof | i ght
transm ssi [ As shown
in Figure %E W %ggélﬁ 1;%2;1 &?pér%tg% c&l%%tnﬁ@t%ﬁngﬂl I N F—lﬁ e | i ght
is em t20ed dﬂp@mﬁm@g@ owhich @fth@cr@ﬂ@tqdfaﬁonmfm datum 107 for receptwn Y

lens 100,

Figure 2F illusirates 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 comptises 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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25 121, and transmtted along fixed datum 107. In one enbodi
source is provided within the barrel of mrror assenbly 126?@%‘?@ e%QQOS
the sanple or specinen in the imging box 12. The |ight source may be

cont i nuowed ys/dokdesimi nat ed or flashed to capture phot ograpinsezeiigges of the
sanple and is turned off when capturing |um nescence inmages. In a specific

30 enbodi nent, th L ght source co I S rin f ttage.lights

i sposed PTG G APL TGP HR SaHaPIE BnEe sRRFOLI, Rdaber

enbodi nent ,thibhgh the giwhputer@8r ce conpri ses four pairs of white-light emtting
di odes (LEDs), one pair mounted in each of four corners around the canera

l'ens 100. One aqy@M@ggo Mustakd theldsbof 'sﬁuct&x@@th Eﬂ‘&u&@e{%r As §HwRSI On

t hereof may be c qﬁa\ﬁ;tov Ible |1 ﬁ? 5 infrared
light. Wré t\’ﬂ'&g EhbhMy Satipdeliqm saucy ISIHeSOF’F% ¢ °fs B0 onic 12 15
Decenbers 2(105 pﬁ&@&hﬁﬁmﬁﬁhﬂmﬁwﬁﬁbﬁnﬂoﬁﬁ& I:Zig’r'pmhmrtbsaﬂiﬁeanﬁi dowpeit er 28 to
allow l'ight ter 28.
FIG 2F al s‘“‘é‘lbusf@ rat@’?Ll gllgh%goﬁh (y;clflé‘;%ﬁ urce %g%p&lAs shown,
structured omgtmallymlve@ﬁmm fh’oﬁ@@%ﬂﬁﬁﬁhﬂ’ﬁl@@%l@ tchmmou aving ef | ect s
of f a m rr GiayeleAdiB spFs RMshderRY Propefiet idthded. tTheNGRGHRA tight 1750Mmad 21, and

onto sanpl i ment, the partial transparence of mrror: 121
i s achi evegh‘i?&er?ﬁpiﬁreﬁé’VFmE?nggr ed or partially silvered mirror. In another
embodi ment, a dichroic mrror having wavel ength specific transparency
propertlifes is udethe dhlwdimentshavmein Figehs 2478, hght transwissipe devign dted by

3am?r a igl i&{g rgge chﬁsuﬁmgi 66%1&51 aiia%u%)ﬂ rﬂlh&uésge%tﬁﬁ‘@@reldﬂvg% fikb@NS ?b lSSI 220
ol a1 ve ek oy, DaTOhiStem N2 oz clrmptiorentily dhppid deccs Sh &S Y

ci r cunf er eniiside! dﬂm(dm@‘m&dt 128qtebthaiet sHoen) it émgeged balindriveny bpnaciket 126

(Fi gur e 2E7SCRu miohR 1AL ARAR: 2P Novibd (RIS b ptecfaagliilal ™D D% 102
to st ath50n@1qhonrrabk'€t to sietiqnery hrgekst 119doy meter 128G 1defor 428 As | ect ri cal
communi cat ig@Rvhll BoMBniARE! fitk ahe GRIFRRAEBbEpGEnE S GANibAkdIRd By conputer

cont ol t NEOHBHEF o8- dSEtfBrmBet 1eF Al it T st s BB e bes of
freedom rm‘cemmitthepmaw whaitioh yf tireon agemblyiB@hani sm 202 20 al |l ow stage 204
and sanple 106 to be positioned at nultiple angles relative to fixed
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, {ransport 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 cm 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 af the desired angle and depth
relative to fixed datum 107. :
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datum 107 for image capture by canmera 20. Thus, based on user. phput via
conputer 28, transport mechani sm 202 and |ight transni ssi oﬁ%gé)c@éngﬂ2005
cooperate to direct |light fromsanple 106 on stage 204 to fixed datum 107

and | ens wi®sdogpecapt ure i mage using canera 20. | n addpdingaziqer ovi di ng
full 360 degree angular: view ng of sanple 25 106 about the circular path,

transport nmechanism 202 is .capable of varyin he | mage depth r a given
angl e of stage 31(9413‘?‘@“51'“?%@"%% fondasy e&‘ﬂ?‘i?rﬁmﬁgflb“'f’ﬁ SR ass }‘léé rt

mechani sm a@ingnaberatighf ttanspog ninedianiamd @02 caayl iifcotmeger atsh potqerioni de a
field of vi F 4G Wyl gg_%- ) t 16.5 cm
In a speci flﬁ%xsmé%b%lﬁ %%nt%?(%%egfh%hgp fagﬂri] m s%‘%‘ﬁg%gl\l‘}%éfé 5 ﬁgg%gsgg?g?e to

provi de a fooirgiledfbya ogepsor imempies 28 2bus, hasethen positipn fagdbagkitstags cmto

gbout . é@f zgm andl KAl pdsBioh N MERE aisdgbib:lyatlgﬂ coa@lgtuﬁ as gﬁﬁlﬁf&tﬁﬁi edht@dnt r ol |

escri peda apove, .user,,nay | t; a slre oca e .an vi.eWm ng angl e
for stage it it et A0 o fef Td S SGact St Bl esdbilY' 9 200¢
and 208 woul28. {Thisrmeobbadventsgsoyofer movement afjgag2(94 hetweprea desitionesichingl e and

depth rel akiyg &Bwh! %9xH8 MO podifon] 280PRERER A wagO0R HE Q34006966
PCT/ US02/ 22162 To ﬁreven ndesi rabl e Om:ﬁg%q-, et ween staﬁag Zgzglggnd mrror

assenbl y 1REOCCHIF OR GOBPHFAY Baismits g ST AFtaRiers Ho ap por at e
crash pioot estitiomovéreagd 20Esorbitally an@ing miati aedahbly 1D oo, dghmpintinkeg & on

measures arge. sof £ S ntrolled by a processor in conputer 28.
ARG A B

Thus, base N posiiion stage 5 204 and known position of
mrror assenbly 120, conputer 28 generates control  signals_ that insure
that stage 204 &sEsEringorow i) BigrreaBidyandodid.o torvingd (idg; vigvprrespedliielit ¢f 120, Thi s

nmay be advatipageridsiidstitedRRERMncOiE bAdEnbdindde bivBe fregenDi@sédtiopn such  as
that shown in Figure 2C and a position 180 degrees away. In this case, the

processor of comnputer 28 .transnt ont ' | e cf yators 206
and 208 10 whic DY s Og]dneen ‘ngflggrs%oﬁt% ‘|r“§ Sar%%%g%a%e(rao!rnja%sggﬁ%ﬁéﬁllm, e.g.,
by nai ifai measures thei prievamiindegicable ¢antagt bétwead siage 24 2od othreeaREAnESs now t o

Fi gures 3A.apgh &R 12 haRp@ist &hildinYdn Wrash BRSOt M&ded on e sidklF@RgL04 1S

illustrated i n accordance with ane enhodi t of th resent invention. In
one. anbod HACOSSE RS ey 2 P S R A bGOsP el BBt edhn 15
measur es t fhatwepn aiage 2041 antk sommibes evdihinacivith d weienpretent) eor24 beimaternt her
conponent s M 1 i : |14 CeafilZh |g§% L I's placed
on the si d(—? %Q%‘{]%‘}gace%h%%%%@%g& oI Itl’n%_ Qaﬁi@r a IO%HSZ gﬁ%@mhﬂg %5(% gure 3A
Crash pPn Jsperigicinicaly dispessd gropnd 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

i

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 mitror 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 trapsmission device 111 with substantially no

i4



bet ween stage 204 and conponents within cavity 44. To prevent. contac
bet ween stage 204 and |ight transnission device 111, camergszg)%}ermbﬂr 2005
103b, a nmetal ring 260 20 is perinetrically disposed around |i ght

transm ssy@isdeds ce 111 on stationary bracket 119. SigGgeusi®idz crash pin
250 is ground and netal ring 260 is naintained at 5V, inadvertent contact

bet ween crash pin 25Q and petal .ripg 260 acts_.as a limt, sw.tc and
provi des i riREHPEEE a@ﬁé'&umaééﬁw N TA T ﬁfﬁgf‘c%%péﬂoafrﬁ’% d@H%H cont act
has Eeen nm@de Tydnkparcit podioR 084 pivfevabixe obmpisess agepaost wis drapdS6thapped. )
Toget her, cr i : | g ' Ak, Cras
protect! on B SRyfl g 13 AP ERLRod bl g i 30 il 00T
of |inear dtanspatest Bylowbneinterwoen thraughrhelan @58 enprroing aiges ebfamRLe2 based
cr atsh ltorSO_t t%aiséuaréaem a?@uti e hn_emrﬁlgﬁbﬁ §a%f£lep10‘6\./€mf§h6tﬂertbﬂ£b@_ &i@tﬂeﬁ@:caﬁajg}:) agE 2?4
contact wi conponent,s within cavi . ..Based on.position feedback o
S hoe 204 (oS Bt i obi S el e e S 30 HRCRREbRSD 1 v ror
assenbly 120, conputer 28 provides control signals that ensure stage 204
does not over | afBowi i2hmei alsoinchusls eitsr pompanents i Sacilitale imagergPrech 4 sk of
UﬂdeS'rab'F_%aﬁ tvggﬁn&tﬁhﬁ‘?‘iﬂoa&ﬂimél @aﬁﬁ&aﬁﬂ%&@éﬁ%@@?@ﬂtﬁe&ﬂd@ﬁ%l@@ﬁ)ﬂﬂy :14- As
shown in Figure . .S €, conprjses . a.fra .an ransparen
portion 254be pygieapt éﬁg pdssof %@mé?efio@?rlqg%ﬁftzﬁﬁ‘ﬁ?et Sgg CWa%Peerect ed from
sanpl e 85 keRctivelydeotidiap sitdpletidre 118 ghtast paatintiyibstsieemthd easthere 20 #ad wi t h
substanti aly y, no : 2005 P

lght Bksthd dhoho REATBEE 200 1HS BRLO9PE 20y el SiRdE 20

interferenc® a ortiion for any, positron of stage 204 about
fixed dat ureeptu@ror queamepe paticarimeging aoplicgions. epasiopn ip Sigyrs dedhe

t ranspar e tntop’{!iéél &ilidf Ecdett dRfoet ﬂ@ﬁnclﬁ&kl%%%fu?cﬁ!aﬁﬁlﬁ's@le&&ﬁ%eel Illﬁaa(ﬁpteja itd i c
enbodi ment, "tran en re arr is a sjngle tr rent. . nylon |ine
i nt er woven WBBE‘E&%P%@W%@%W 12%5’8&?41’&@&6’5 r.g#hefv?]%‘eﬁ,ﬁﬂgggmé%ﬁg secur ed
in a tdst neouned dtdtsvagipotota seuting ket 136 dndiefdo sidatbouingelt., Theray 256
'S a mesh il u@@aqrf@'moﬁﬁgde 88 3aRE £ Torfl 10 sith T e folivitubPYrs T acket

mesh. Box may al So I nc er ‘conponents to facilitate i nage capture

of a sanplld8wpt pach begrtated intp pogidien o iyierseel Light @H@P‘é@o%téﬁéa%ﬁ?? | of the
gam%'r a l en&eﬂe@@g bytrhﬁ]?foﬁ yat &:ﬂbrl Qea%hjlﬁg tlieﬂﬁin@%ﬂénsalfoo.?lﬂ‘ﬂ&lﬂ&h?&] 16 baeea sel ect
evice 117 capable of 10 selecti.ve pr ovi di tiple fidlt 1 S at

| east part igéﬁ'q%ﬁ al?é’g\)@é’ﬁn?ﬁtgr %‘%ﬁé’? & % aa"r?afhe‘? F%h{g’lplgé gﬁt?\dg rg4eot§éﬁ??lx ed datum
107. TG fibelidBE idd8o mgpgeshwhh hakive ivthetlel 34 magefilier ayfteak moton A 3Gndher nore
particul ar g 84 nithf! 1368 in‘%!l%tﬁc%co?é}ﬂlﬂﬁ'caﬁﬁn it Weolettrloal édusponeits | cal
filter select device 117 includes circular filt eI[h s?l ehct Wneel 116
adapted to 56 and controlled by a processor included in computer 23. e 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, efc.

Other components used to facilifate 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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carry a plurality of optical filters 118 around its peri rretﬁ The \/\,Beelzoo5
116 is rotatably 15 nounted at its center to a nounting bra l§e

attached to side housing 16. The filter wheel 116 is nounted off center
froml enwd&de@ech that the individual filters 118 caxmasehnle rot ated

into position to intersect light emtted fromthe sanple and reflected by
mrror 121 before.reachi ng f.he ra. ens 100. Filter wheel ,116 has a
groove al ong .t&fféwm%%é it FOEigp REPIETS Ve £ F8W8at od The
t oot hed 20 Jdehid tRttromsc abmporengaife dowsed lthaeidr | Ve pareioisiyl Jdtedntimsd i | t er

wheel motor, g:nga@m&hﬁterfaw 8, BBk 0kR1ed 304165 B BFLEgRRITI cat ] on

with the electrical onent control processor I ncl uded
in conput erang @ errwemm@ﬂ%qfﬂ@a@pg@mnedp 43 IYé-’rOéVBELi@P@)éF%E@V’&?Sfl | ter

wheel 1156t neBsttricBICH e tR by v@ﬂt‘ma avtdwelca o@htsqmuecz?éwe‘rlsht %L?mf edntrbBCi | i tating
I mage cap a_neu e Qr one or
25 nore wa éﬂég a.%% If’f’tof??"?[glrl%ts ?%ér’w %#Hgé t?‘gé’&%f"?cﬁ’/va ﬁengt hs, a
f1 uor escentCOflﬁrd)HeESr 148 350, {1520 ¥swe ceonappidation with sa¢hnofithe Efstaptmaotexci t at i on
|ight diffepg feﬁsomcamofé?ﬁwf&fér whée@momrqfa@ mﬁokl%gseﬁema&&nm ugpd to

facilitate i mage ture sa 0 include a gas
mani f ol d t GUEASMLRLLT &éewﬁwsw ngﬁts:l% Hn'éﬂ?lcgalﬁéf’@%n%l% 1
enbodi ni@nt ,bokdders gar/ided by TMG of BloathiaShiad | GA. cMhlnﬁﬂoﬁmnﬁdlhgmtezﬂdesand

i ncludes a vid é %feajii %M%h%lfl%ﬂéreﬁfxgh%?esthe E[% orl]c r[illtoﬁerfs %mo rsaaqg% Ft‘ﬁglléd) provide a

gas to a FYB.FYTYB. I an’ rest ary gas
mani f ol d syt esst @pﬂbandjqumah aoﬁwareprmmmnlcmmn% Dgawm dlged i n

commonl y owaggs ﬁ‘&aﬂ%&‘hﬁﬁoﬂ%oﬁrd EUBNtssNOn thdBcd 816.;11%@ ms Imdn&s) msset al .
filed on Fgﬁu é}Zl 2001, the entire dlsg vcgq
| ncor por at SRS fien wiiE ot Pisriog pivitp dt Hetiscuron S MRa BRELT 2005 viO

03/ 006966 Bﬁﬁbﬂﬁﬁa/c&t&ﬂcﬁ&eﬂﬁhamenmmﬁwmtmdfnmdﬁc there is shown a top
perspective view of drawer 54 and el ectronic conmponents 56 housed therein.

As previously ”?Eﬁf’astoylﬁéftgr 1BOIBORER b QA LR JMBICANBLIRL akf and are

used to control rLous nptors conponent s, of ng system
10. A 3 V pibgewhes] gty 13&aresach stepper rsotelrswaﬁedgwmﬁg%eﬂo nf%@gﬁ ous
active conpigsieRbgective ¢onobémVeBy Svhy of ermipds, apmaddlohmbmmmmaormS f our
not or contr, 14 1 reon~ T
control | eré%lf@ggrfgﬂﬁgYé%S‘% %Péacmﬁerau%nﬁﬁ F%Sn \%Iot’ hrﬁdé;ﬁgﬁ f‘sthe F-stop
mot or . 2009 suikastesfor wsethnany @f temotons 109, elﬂ4vsli§eindfiﬂ)ﬁ oEachdbthemiaipdis assenbl y
mot or 128, ui?‘@fécméil%ﬁmmlcgﬁonlx%ﬁh oh&SPRfotd UEbnicVbhdpdRin® SEORSEd idboar ds
i ncl ude th%I EOUM
awer 5 e electronic components 56 are, 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 datam 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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10 board as provided by TMG of Mountain View, CA Each rmtoré nt rol ber
interfaces, via cable 34, with conputer 28 where the notor | mbes 2005
notors are controlled by user input and appropriate software running on

conput er w®es/dekgyer 54 al so houses a data acqui siti onpdag@osh#63AB) 156. On
the face of drawer 54 is a knob 155 which is in comunication with an

interior cavity 44 |ight source and | 0 a er to .15 nua to
control théPep d’?‘h‘é} fheefraispart mechagism 2‘5%?’?\/%#160@ ttwsmlrhgg‘ﬁgesﬂ)% not or
109, |ens fooopeatentiepsbetivbdn tandirecolight seflectbd yr erltted frb@Ssamaledl 06ftowards wheel

notor 136 are. I a G hf abl e position control of
their respZa(J:1 f@ggégﬁn%%ﬁgn %6&%3:5 yq}%?égéxg%ql%%m% nodel nunber SST 39D 1010

(1.8 deg/step, 4.3V, 0.85A), manufactured hy Shinano, Kenshi,, Co., Ltd,
Japan, is 20 suﬁ@ngkéﬁagaw%qsﬁgéwflwsefiﬂ@%%@tx @,mﬂﬂ?‘e,?“dﬁs and 136.
Each of & hex fiakmirSmechanish 300 ead 4 stegd 30daosupportahd Mght-ainittingswenpby 306or e

el ectronic ,gonppnepnt s 56 1 i r FWRE T liestl QRl.cacoponent s 56
are, in turhﬁ?‘%ﬁle%%ﬁrg’rﬁﬁ‘i’%%tf %@q\?\ﬁc?%ab?he 80%3?%%%?1%&@% e ,?r‘gnntoors 109,
114, 128 arreposition the stage IMnpndsample BRP) toppuspity af positigms wathen WHECHr by user
input. 25 Rebi@y 44. oy 6 pbéitistBhbrbbitkein harbe @8taidt for iniie capdge.ng apparatus for
capturing an’inmage of Sanple 306 with canera 20 is illustrated in

d ith h mbodl f . th 4 | [ QN 4A i
2" Top. per spect 1 18 DPU P BT AT wben USR] S RS Y © L P

o
et

.eri or walls
r enov edl0s hBR0 rvchicht pagees 3irdughi sidscwill 103abolkes deinter df wiatiomf@omRIn p¥igde® 4B is a

top perspecii:Me:.\uhe : GORIY &ofark Axi LB a7 erior walls
renoved shé&&l%@ls\sé?%gﬁ%gﬁﬁ‘ggl QW _an ofﬁ?‘ryg?g?g{rjﬁﬁc?); f?’{;e%éa.g% bum 307.
|

Fi gure 4C iipeluded hetvaeen qnaip gxis 50 gag sidgual which glow g AR <Y i box 12
Wi th the exbmfefnklywslatite toeidewall 1630w foxintaberdB20abf wais brig82Gisdixed and of f
center fromfixed d m,3Q7. Box.12.i ngl ud C pQufpunt ed on
si de housi ﬁ]&wfgn%ﬁ%%gu%lfl%dm ({gﬁl‘é%&?ﬁg’ gmg%ﬁgl %ﬂ?g?e ggaat adsﬂ)descri bed
with re$pearxist R0Fisglixess i € mpeitioning swm a¥23nwhilr suppsrts themavpabls stagepr esent ed
by a stati %gg&m@&b@. t R dirOYidR%at@ WeinfpBACSS, ithS rothticial énolién 6 Decenber
2005 WO 03/ 006966 _ PCTI US02/ 22162 ug@gg\ﬁ: ch thq?? transgp&rt rrgj%@ag sm 202 and
the |ight tieamaifedde dhe pesiiqume)an the moyaRle Hpgs SRBRTP o Ui Yot 1 ght
refl ected qbtatier dHoatifitedotuhe@ By, eA BABT hopmvidsd by bausiriploDevives €arecd | ens 100
to capturey S ;- GAD bl e stage apparatus 300 is disposed
in interi orFl e@ﬁ%ﬁ,&%ﬁ? en%%?ﬁg\a ﬁ@gé%Y%'

u

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
ACA4831-18 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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5 a transport nechani sm 302 and a stage 304 to support the Ij -em tti
sanpl e 306. Mveabl e stage apparatus 300 is capable of two ﬁB&geryber%OS
freedom novenent to reposition the stage 304 (and sanple 306) to a

“pluralitywebsgesstions within interior cavity 44. Anyp@ngsop@ass | on
t herebetween may be retained for inmage capture. As shown in Figures 4A-C
transport nmechanism 302 rotates about main axis _10 320, which %asses

t hrough si dBaifeas 3493and arped 330 that rogbly equiles Stage 3P4 ARAEKIBSIPROB3E2 whi ch i s
co-axially (azig'[@wn) WIhdbéveb g3 30aaad B56xings eftablly x@@l&lmﬁmrﬁkﬁmm tBear i ngs

are 1! Vgl DB AR IRk Doy 50a%R0 06 LSS HBkIon AR Gl 8 gy i 0 axi
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ich su s ar or rot at es
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arm 322 andstaged Odnpanadinsesubdtanjel plipaoatslfer 8§ Gothten posiibabf positebogterthi xed dat um
307. A S23T32§Sre19ﬁ§é"tb%89lﬁ’%%gt%%gﬁi?@es pyhges Corp. of Petaluma, CAis

suitabl e for use as notor tor 324 1s in electrical comrunication
with electrical conmponents 56 and contro d b er et her, the
mot or 324 and trFe‘mB’rﬂ%%t qitechsd t9 a‘é‘éﬁ?ﬂ?ﬁe’lzrz ?@%H@‘i’ }I‘E’B#B\’/‘S\%ﬁg &t‘é@

appar ati(s 3s@issiog deviee 81T tdtesr witindaincduppiort B2X elsbud fiedrdat@A 207 Andel ect ri cal
SITP 1100 38l FiaRl QULAG b bfufli Seb Lfiibld d0cGRHR! ed itui 3TPRAALAQT  DOX 12

to the stage nBc nuous cel ectri cal comuni cation 25
regardl ess 19118 kORdor isage ¢@ﬁlf@by ?ﬁ@@rﬂ%r{llﬁtjﬁ@ﬁffﬁéﬁl@ dgyice 3B0pclydeshwat ri sk of

wrappi ng. AnirdfA 83l adkB3 35 Mcﬁ\ﬁlﬁﬁmmaﬂmbﬁsrauaéhe@whﬁ@& suppdat 339, Petal uma,

CAis suitable faq se as electr r n 323. arm 322
pr O{/I degI t h\ghlﬁlh}srﬂxg{l?q&ﬁd&ﬁfﬁp SsR?B’ﬁlfi‘ﬁPul?r r \Pi?f‘B M}g?rgpgé 300 upon
whi ch slSageanﬂG% rcﬁatbmﬁhnlo;maﬂng&mmabdn;tﬁxedudﬂtmdBO’St%hnﬁﬁdr 333 89 coupl ed
t t 322
A ]

rotates vi'a nain stag remal ns
subst ant i aIHa{;‘llaﬁﬁlal@élﬁ?(@d datigr P@% WéOWﬁés g8t 1 ¥m of cavity 44. This allows a
sanpl e 306, which is supported atop stage 304, to be viewed frommultiple

positions and amghtfidn MbbitCuikinf &id Bzmguﬁﬁg n@g¥4 ROdidesTo fistiotatiomelt he st age
i n o o S8 eyt GrBRot SBusie s R0d Mg LD %é%a?@ﬁ%é?&éénai’?”t

15 DeceélfberndoBs a@cos! 0GBS6E g@msdzlo@z%gﬁcaﬂy, 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 orthogonaily 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
SSD55D5COD0 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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main axis 320 and a rod 330 that rotably couples stage 304 t in s
322 (Figure 4D). The bevel gears 350a and 350b thus rotably gflﬁﬁ %?'%605
axis 320 to stage 304. The bevel gears 350a and 350b reverse rotation

recei ved voy 03766830 for rotation provided by nmain axigc@@denea 1:1
reverse gear ratio. For exanple, as main 5 axis 320 rotates cl ockw se 30

degrees, rod 33Q_rotates cour terclock 0 .via bevel,.gears 350a
and 350b, " thus RBSRFRLSTS PiogEb s praReay and Ft FRdmitiurnce 1 foa S0
remai ns submaphbe bedd ag Thidovwsz oA tuadr, Viarcompyter 28, ampuamqgc;smnqr@posyionp@a tioning
arm 322 1e}pid¥& % l?@&-‘rela%we@@ﬁ%é& tﬁfhniﬁbf'l%ﬁ“&ﬁﬁ'n e Giggal I'y

attached to I.n su

B

ort m SSI C L ce Light 10
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ggch di (r]I ext sfidld ghtviewef Facﬂledimrv:@ﬂ‘ngh@efsbﬂmammdadlﬁ)ﬁombmmgza‘ therd datum

and toward r
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pe{ Eendl C?'ﬁé Ifustfﬂoﬁﬁb@gmh Qri%rétﬁhf n@fe(rjﬂeﬁﬁfe toMikddodxgs % Aﬁelam335asr3t ag 36
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confi gur ed qanp}egqfr tﬁT’ }Z‘Jbsﬁpegmgtqng ﬁf&&\%ﬁf 'Ingl(‘}g@omfcf’ %{hs 5085 ar | east
partial 10y adontrgl $ignabdiodmbiom324 7wisinid r¢-posiions stagméoiil@t)themﬂlwﬁmabout " mai n
axis 320 usjhg 'E%&Jnd qg%ﬂwk/g’%%?ajulsgﬁ-y rotational degree freedomfor

novabl e st age gppar atus e stage apparatus 300 al so 20 includes a

second degree of_freedom_ _More ifically, sta 304 y transl ate
linearly al ong po&R BB g a&@ﬁﬁéﬂ?‘g ’@Rﬁf@sm%ﬁ ) rep];gglﬁmfpr}egrr 1335 and

336 to v arﬂynaging vithéd ehvith 44 @wupled withahé AglitgTio srvpsagd B! towmis ané 304. To

allow |ineay i ,

posi ti oni ngav‘z’aa m %&%%ﬁg’%lgéd §§6a%&1§10§135§{;18\28353g0 gaw% &%bl nc Hgg%? WO

cyl i ndriScal abawl isenf tor25roat eYimilady, iitrors 3p arficldzuview imbe @g@@@boﬂqﬁs‘iﬂét hr ough.
Sliding mougt;13d6 allows attachnent by stage 304 to linear slide 342.
Sliding nmount 346 is rotably coupled to |inear slide 342 via rod 330 and

bear i ngs di spos&gmil&etoetrt y@@nemﬂ'diﬂ:h&ents'maﬁguﬁo%J stagy Bhdgomptikes 4i xed to

I di t |

1 de a2 ibrsehE p b Bar il e Bt ACor loRRE st oRY, 866 M Be | N
bars 342a mmmdmwhmmsaomdﬁmfgébﬂr wshgubmmalhwow age #8d not or 340
and |ingar ginkilf ddatio YoPahP W M4%bﬁ%ﬁ:e@)dat§ﬁ'mn%§dﬂ'tﬁﬂ Co. of

e LT e e o C
and 336 t o mewhrwidedifablefcdontact befweeh etapd 804 and evlien gornfponsaisplithin I3@6120n st age
304. 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
OI.  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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18 15 Decenber 2005 WO 03/ 006966 PCTI US02/ 22162 I n operatio vabl e st
apparatus 300 and |ight transnission device 311 may be usedrll%quciﬁmg\%.%s
user, via conputer 28, inputs one or nore positions or angles for stage

304 rel atwyesidognst | Xed datum 307. For exanpl e, the userpdmysoptAyd de two
viewi ng angles for stage 304 relative to fixed datum 307, both having the
sane 5 field of VI ew. For the first_ view,ng angle softvvare i ncl uded in

conput er 2&YFEEn10 @sks maplementsd with dptensifisde ChaigCowind: Beviss (r&PE f or

contr gl lji lr)lgcafﬁeta@rto 38téct twbilcﬁ:lahz'iﬁén of Hghi- pf@mahggsust@% C(ﬁ:ﬁhlhqiacﬁn@ ol s

provi de m Slt Qus st age. t t I tion

havi ng a fltmglg Cﬁ%ﬁ etscen# 5”5&’?“‘ el% ﬁl Ellp’lr?’ea%sslengl;)?\?g conpl ete
fromthe f |q0§a§trmtsbwstdg @r}ﬂglre ansmla,watrheaa ik u@eduthﬂppbwpmseﬁn 28mahen sends

10 contrpl h@hiles the CbidRinRlescdrtiee 14414 ?f&cédem@@@ lof rbemzssnagﬁ 244, t he second
position le . rel I xed 307, ch mrror 335

havi n second. a I ve, t X
and 336 is %a@as BRHEeS fefldo deteft ee?“é‘ﬂ?‘? photens- o’ﬁ‘eﬁ%@W“fstﬁ“ Bhgi ng
Wi t hin cavithgn detuseConipinsitnoni idminéseers rmdgetof phatomemission.adbe Bﬁdndsmmar ds and
away from r | in the
Sanye of 1?&%%0%@%@%@ el 3 S oty BB e
the range crmalsdtself 9Tb1ﬁﬂumlaesmqncéaﬁm@r¢ﬁdlaara Timgtip af Rasips t%ﬁ{?ém%%t in
Fi gur edﬁfﬁ lﬁﬂnﬁﬁf | &eﬁ&éidnﬁf gémrheslﬁsmgra hit ﬁﬂ@@i@%soﬂﬁ%ﬂeﬁl&ftﬂ@am&bm l'i ght
emtted or refl.ected fr.o trapsmitte
T ansm so dh oy prstonuSRliERoR oes ﬁwzfﬁﬂ@%e Y
di st orti on shch camyosito phatographiry lapiacreei®o dmages it déseribed in A1 Snkasay Noj n
addi tion, g©aBke§ssh @%C@ﬁ@@&@&uﬁn 3199 dNgdgrdespaliHNAlsEloNRS 8 il ash

protection dew ces t prevent undeSiragbl e contact between stage 304 and
ot her corrpdﬁ@ﬂi‘@aﬁ/ﬁr%‘ﬂ?‘ﬁYHB‘?PTHOZatedth?mE& f€e. s|ide 342 includes a hard
stop at each end to prevent novenent of stage 304 to undesirable positions
al ong pidsi ti oni Mgrrgm@R2 & Figuetdh processeion 00 iHud@®s almsah@sofi captiutivies a har d

stop at t houRBoBRR.Sh ILGESAL LAl RESVEDBAIRY S0, qbq\ﬂ%@o@&ﬁwt us 300

fromconti cLrcli'ng about pon reac e hard stop
at top cerwiy onferembpémem@ftthwm@@tmmtmmBr@ﬁ@hﬂowé P lesie byer a%lilm of the

hard stop abediféh o280 b @ﬁﬁgﬂ@ﬂsﬁbﬁ‘dnf@w ¢ D0dvithig ilBgingrByabl e st age
appar at us (%.?e thelCont 3uessgr 1’91 § § Gesired os1t10n0 opotalget §O4d|]§aescé hon. 30
Cper ati on | OGPl § i P P
20  on the input, transport mechanism 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 fo 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 present invention may be enployed in a wide variety of i | n
applications. Generally, the present invention may be appli e’l?gjqc%@p&er 2005

non-i nvasi ve nmethods and conpositions for detecting, |ocalizing and

tracki ng wo gdnioesseri tting 35 entities and biol ogi cal evergudegrzasanmal i an
subj ect. For exanple, the imaging 19 15 Decenber 2005 WO 03/ 006966

PCTI US02/ 22162, system 10 may be i Ierrented W ntensi fi ed Charge- Coupl ed
Devi ce ( © p@gtﬁgaﬁ@ctnga%?e %f"st“ﬁ B PEGEFS, WF ‘%E‘ F APl P oY E@an cells
(e.g., certmpmitpd8teria or tunor cells nade biol umi nescent by transforning
themw th [uciferase DNA constructs) inside of living animals, such as

mce. In such ambseaaéﬂtgnﬁuhﬁgge%hme b tAinlBRoRbgkatil Iagcent cells
is placed |n5|d%]i?f box 12 an nmer a 8 I's thenp .activated

on sta
to detect tIFEPASH 4 HMGIFETEDIR MaffeC Wget&ﬁ% oTTE BreRFation Ry iR d ¢t o
construci asclegtingnlsgmastent rgepsure ftimphakldnineng kvelomingTihe chmpmitere2f,@end | mage i s

construct edmi‘ﬂ:ﬁsghﬁﬁl?tth&ﬁg%ﬂigfd infior SRMY %8S WhilPlead &f‘gﬁbabbg t%aﬂﬁ}arﬁﬁﬁl%ﬂce from

the sanple um nescente Is recor S unction of position
to produce t@p@resoS|Hnthes dumisecsnse impge ovefed SoPBIPd Qfhtime (v é se¥slAl al so be
Itak_en of t heingrEk 'Hﬁﬁﬁh&esdeﬁceﬁhﬁgé dutPAS itfahddiiredit6 uiﬁ:lhmgé pﬂbﬂe_s@ﬁghﬁ'ﬁ .y
uni nescent, appr.oac erating such conposite photographic
| um nescencéﬁ%&%grwiss%'pé@g?lp% %itgﬁrg%%?s Pat ent No. 5,650,135 issued to
Contag et al. on July 22, 1997. The entire disclosure of that patent was
previ o y i ncorsdhiapeiat, hasesimay myaninutate and store the lumainescenge Heage dataps gur e 5,
process fl%@&qamdeéstaﬁfo&aisﬁﬁ y 8n TR cbRPute digi 38" IThe mapfpRiAes AR ks and

| um nescent r ﬁ Imq%gﬁgmﬁ?tegﬁlt?xp accordance é}h one
embodi nent 18‘?1‘% hEVH aé’?(gnlthei \atiis Gc ¥ oA &% P aci ng a
speci men ordisgphying thotweinagegegetioes & 2ght oerfeg sinage,ontisthajenidBdenss t hi n

i magi ng bo S position
for st age ?&?@‘%&Wﬂnﬂ% @?@E&%@?ﬁ%@ﬂgr This O infed188) B0 2051 age
204 to ¥he heghe basisofoniupry apelasis pushmay be apalyzed and manipwiated o5 desiighal™ pr ovi ded
by co (rjrput e[paa&u{aétatﬂ)anaiszmmhy trfcRidS msgtﬁiéaﬁﬂti)bn shand manﬁﬂaaoﬁhﬁgmﬁﬁamﬁartl 0 BS "
accor di ng a_control  sign r.ovi ded by co i ng box
and associ &E qfrﬁ&é’n&ﬁ?ﬁ&% tﬂgel ?cﬁ%‘?‘?rﬁ?rgsﬁ tﬁ ?:P'f ‘%%WH@S‘@@B% c inmge
capt ure of didcesspanpildo¢Bd)a sikgle pmivdscance repyesimtationder thaoverhy myags | nagi ng
and acqui sigd cc%@hBWOGﬂa?l&lude téihﬁ@ ﬂgﬂn Qﬁmmés%e ec}¥ rgs%gta@éhs@dﬂi’ge”

Corporation o he conp t|a|2|ng canmera 20.
Furt heré0 prikssamspratien %%agp K8} Gde atcﬂhegqﬂa?gh%@ra 1&t81‘ tﬂa%{ﬁ $hting the

phot ogr aphl C capture option
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 aliernate 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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in the software, focusing canmera 20 to a specific depth of hlé/eDsa | e or
EIMBE! 2005

animal, and turning on the lights in box 12. Preparations

focusing lens 100, 30 selectively positioning an appropriate lens filter
118, set twangs/dobwgs f - st op, etc. A photographic i mage is gdremsogapsur ed (508).
In one enbodinent, a "live node" is used during photographic inmaging of

th le t h le in,, | t.i he |i de . nclud
sequence of - photBanaBFPELT RS PSR R BT oAb Fa S i at o | ve
vi deo. Upondwingpinegs captuwé. |[ihttisocpse fivaging aptamates 1®5providespherquepcaphii ¢ | mage
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10)... T
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wel | as Jr oeemstriid) ehetlaéapion,Mrighinep| aM siva of dphibleminesteni Joosce 3BhinShbsequent | y,
W th stage a%%nllalat()ﬁcgethg lisef Ql%ir . bg@?oci %gpﬁg%nggllﬁ?a%%trlééongtpuchg pr epar ed
for |um nescence 1 nage c;%[ ure_%‘%%ﬁl.. UCh prepgaration nay I ncl u_%e 5

sel ecti ng | aigariten dlentinvessits dearitmjrsuihle for mse gt e aresgsti nyentien &onput er
28, andzot tttﬁﬂhé%golﬂic%l ’édi&ﬂ)gﬂgﬂﬁ.t Slnlhd}delérrtb_ez[ﬁp@r diERd OYHAR tonWgemhy eRdy, t _hedCC:?
Cime (up t OBV b SEiRiRCds TR PPORBRES FUGE B 12 BPE P hnct orr od
t o t he Ihaddolpmioeesst anission onto Bs sunéléco rln anp embaiment, 30 swhoptopelog?8 (516) .
10 At this ;:pgl : ' re the | um nescence i mage

I'S 1F?écgﬁnp11§}1eﬂ§|§f1g g?ﬁ‘.}cg?érﬂdl%% P"rg%ci%%l%lyﬁ&ﬁ u S | g

data as well as“process”i e conputer display 38. The
mani pul ati on may al so . | ncl ude overl ayi ng.the | um nescent .image with the
i ko

phot ogr aphi ¢ i ciiped el uisk ayery affimet Oolighindfiné arermgjedt 3B p -

over Ihay" | rabipet atwintaigle e abw}mﬂsgeaapﬁr exhdiple) tiey thie eaifdcy nefrainTherlings eudocol or
to show intensity. Thi S oV, i : : .S £or user
anal ysi s anbgn%fﬁggpgsﬁgwgrztg%oaﬁ% ﬁnggﬁepgﬁéﬁiﬁgg‘&%%%ag?’@ga tpﬁéﬂepar i cular, an
anal ysi¥ mhe heightuefethe sudaoseat ial Hoestionshibat are ilimineted by megmreddishbver  t he

pi xel's wit f]i'ré]eéoﬂopfot. i&"sh@ﬁmfi@?ig! N AESERA HEh REEASEIN03S htdhedMOlafd t hat _
al though the ™ discyssion wl] Tocgus gn a.single |um ﬁ%’gence r %rﬁsentatlon
for the ovdPiy Witharpdt Tanspyssigp gevdessl 1 %ﬁ‘;ﬂqt'ﬁec{ Pffoaqﬂ%g Itiple

| um nescenaendisgtpofskalilat illommafionsysted Gvieleen didenis ifimainbied by olighitsagree 204, e. g.,

at the sa ' r. : | 5 o] f 4 1 ed . t hen be
moved o a B 00R Rinfer 8 66 U it onlq 0P RHHRECTIERORAIR IR |
positi &, dwree enoughrte gehaiirierd pihend”an dholings dpisphigteapatéal resplyten, but

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 fransform. The actval 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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of the sanple may be captured as described above. Upon conpl eao?

i mage capture, a processor in conputer 28 then receives the ﬁﬁﬂ@e 005
| i nage collection 25 may further continue by capturing i mages of the sanple
from al t evpasmewesi tions and views of the sanple. As pepidenaecs the photon
em ssion data may represent the specific pixels on the CCD canera 20 that
det ect photon over he, duratiop of the, i nage capt eri.od oget her, a
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PCTI US02/ 2216 O”eﬁﬁgg%q'”%ﬂ§55mﬂpgﬁiesgﬁ%mgﬂv§ﬂﬁﬁggmﬂ§ﬁ5%qﬁé t he use of

structured ﬁ%gﬂt I 'magli ng apparatus 100
provi des a @witjekrfor tavitylsnsakes obfiows slesign alternatisies oot e nimmjereented.

bi gl unmgngigﬁﬁgefitﬁgtﬁ% gse-ﬁhé fe8 NG Be &fngﬂbﬂ?%i%lgih?g@@éﬁﬂ'ﬁo%?tgbﬁ%e{ renf:t he
Vi ew | u

| ocati on, ¢ha Igention mtw?gma%egﬂwn@ie@ﬂﬁ%%%% %mﬂﬁ%ﬁﬁ n the
aniwalJﬂOnomﬂhhﬂmm&qgogﬂﬂm@pmx&&ﬂwumd by processor 28, one sui tabl e
reconstruction algorithm (or inversion algorithm suitable for use with
the present invention is diffuse optical tonography. In order to apply

di ffuse optical tonography, it is necessary to determne the 3D surface

t opol ogy of the aninmal and to nap the 10 bi ol um nescent em ssion onto this
surface. In one enbodi ment, 3D surface topology is acconplished using a
structured light projection system Structured |ight uses a series of lines
of light that are projected down on an object at an angle (at about 30
degrees, for exanple) to the surface normal. The Iines bend as they pass
over the object, and the bend in the lines can be used to determ ne 15 the
hei ght of the surface at all locations that are illum nated by a structured
| ight projector 170. As shown in Fig. 2A, structured |ight projector 170
is attached to and rotates with light transm ssion device 111. In this
case, structured light projector 170 consists of a Kohler illum nation
system where a slide is illumnated by a |light source and then an inmage of
the slide is projected onto the aninal. The projection angle is 20 | arge
enough to get sufficient "bend" in the lines to achieve spatial resolution,
but : '
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smal | enough that |arge shadows are not present. An inmage of the structured
light is taken with canera 20. After the 2-D structured |idii Deceraber2@05
been Qaptured and stored, conputer 28 nay t hen process the structured

b sr@ngenerate a struc,. SRty g rar
ks al0fe art wil l appre*;-w VB R S
aI gorrthm; f SENoFeLWOSt ructing a surface from structured Irght Fmages For
exarrpl e, the phase shift of each line at all points on the inmage can be
determ ned froma canput ationally-- efficient 2D Fourier transform The
actual surface height is then conputed by "unw appi ng" the phase map. 30
Each structured |'Whitts édlamedkispr ovi des the surface topol ogy for approximately
the facing half of the animal only. By taking i mages from several view ng
angles, e.g., about every 45 degrees, the entire 3D surface of the ani nal
can be reconkt r uchteithaging system fordaptwging awipeagh ef a samplepwitits aaimesa) tleace :
reconstructrlgls gts)#genp anEig each. view. Although the present invention has
‘been di scusse p rl y I'n The context of 35 a noveabl e stage useful for

i n-vivo i magi ng h iavention is.22 15 Decenber 2005
WO 03/ 006966 PCT?E@%%@%"‘% %&Eﬂsaﬁ"%‘d%sﬂ‘ﬁeaﬁ‘“rtﬁ?@ “®¥nppl i cati ons and
"venti on has. bedyuaa Bpff chiftalred dpollihde QRen BRI pred it 921
separ at e compabfraidalls darevicavispis)i thechmend; the present invention relates to a
st and- al one cabinet unit housing all imaging conponents and conputer - '
processing 5 conptigerssiissimelevice éonfipired fo rbfale apout deifived datemf ket | S scal abl e

and may be adapted in size to fit to needs of a particular application.
Al t hough vari ousamvwlewmmmclmgatmdspbnlmebmnimd&st‘@ee obvi ous

Ore 00 be cottidnen o ko e WIS PR St e G Rr R e boRe S e T
i nvention |mthetmﬂspoﬁbmesthammhﬁitmmremhﬂaﬁdteamhﬁegionebfiﬂﬂhfamyoﬂ)u'f may be
_rmdlfled 10 V\Qjotntgtlinnsat o) veﬂyg);mép_mspgp d cl adsmdhgﬁt?’ 1 D’eo(l:lenber 2005
) _ dewceareconﬁguredto cooperatlvely direct hght reflected or em1tted ﬁ'om said '
sample to satd fixed datum to capture said i Jmage by said camera.

2. - The system of claim 1 wherein the light transmission device comprises 2
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 tl_iongh '
the camera mount and perpendicular to a vertical wall of the imaging box.

4. The system of claim 3 wherem the light transmission device is conﬁgured to ; '
rotate about an axis co-amally ahgned with 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 durmg
* rotation about the fixed axis.
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What is clainmed is., 1. An inmaging systemfor capturing an i mage of a
the imaging system conprising. an i nd &@Qﬁmb%ﬁo@ﬁ

S CEOTEt BT EAEr a rel ative t OSASFIREH-Gat UM ONEigRe o g ST ol
vi ew ng by, t ENOEPRBWE a |ight transm ssion device configured to rotate
about the fixed datum and a noveabl e stage apparatus including a
transport nechani smand a stage configured to support the sanple within
the interior cavity, said stage being coupled to the transport mechani sm
for novenent of the sanple to one of a plurality of  positions in said
interior cavitty, %Wﬁé’ﬁ%ﬁ@l‘gwﬁﬁﬂqﬁﬁ trppmissipR dgvicg wetates with fiessi on
device are cQpbd ghAfle fifedepperatively direct light reflected or emtted
fromsaid sanple to said fixed datumto capture said i mage by said canera.
2. The systemof claiml| wherein the light transm ssion device conprises a
mrror that reflects light emtted fromthe sanple towards the fixed datum
3, The systeg of Sl opRRP] Al ioiofith ABLAYR didhaRd b X Slkimat xhiP2SSi N
t hough the camera unt and perpendicular to a vertical wall of the
i magi ng box. offhe Fhef wallst em of claim 3 wherein the |ight transm ssion device
is configured to rotate about an axis co-axially aligned with the fixed
axis. 5. The system of claim3 wherein the noveabl e stage apparatus rotates
the stage about the fixed axis. 6. The systemof claim5 wherein the stage
i s substanti®l |y Fhesyssnetglaig jwhespin 3 partien of thegtage that sigparisitheisamples . 24
AMENDED SHEﬁItm;s?m%penber 2005 7. The systemof claim5 wherein the |ight
transm ssion device rotates with the stage about the fixed axis. 8. The
systemof claiml wherein the canera nmount is situated on a vertical wall
of the set of walls. 9. The systemof claim| wherein a portion of the

stage that sSygpPOFhE systefh TRIARD © wHefeir th@pHicH @Riprises a transparent wire array.,

'11.  The system of claim 1 further including a processor configured to provide
contro] signals fo a motor coupled to the moveable stage apparatus,

12.  The system of claim 11 wherein the processor is further configured to perfdrm
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 whereiti 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. |

AMENDED SHEET




10. The systemof claim9 wherein the portion conprises a transparent wre
array ,31. The systemof claim| further including a processcﬁ Danambears2005
Qulge-—control signals to g=sn pl ed ke-the-maveable stag
Htadiad:94PP03The system of cI@j—MﬁEﬁM@h‘é} ei n tiERUaVanaaT e Rl ?ﬁ“"?‘
conf’Tgqur ed to P%@rvgar crash prot ection duri ng movenent  of tﬁe rmvé’"ﬂbl e
st age apparat us. he systemof claim 1l further including a hardware
based crash protection nmneasure disposed on the noveabl e stage. 14. The
system of claijg 1 gilbfb @bﬂﬁhyﬂb@g@uﬁmwﬁﬂa@@@tﬁhﬁm BORH confi gured to
transmt structured light onto the sanple. 15. The system o cIar m 14
wherein the pﬂnvé!é%lgﬁﬂmﬁf@%urther confi gured to produce a structured |ight
-representation using a struct&lred lig i mge qbtained fromsaid one of a
plurality of posi &REREIEROEEPY %tfertrlarcemorwlyssmﬁmﬁe SHEET 15
.Decenber 2005 16. An ipaging.a arat us used in capturing an image of a
sanmpl e, the imagi A§aE ’srng an i magi ng box includi ng an

interior cavrtyfor receivi sta e f ortrngthe
sanple; a first #&@%%@5&@1@3’%@&% @ﬁ‘h@fs PJROEPE capabl e of
posi tioni ng thmomeaﬁgealsﬁ@g&ecﬁmﬂndr rst di rectr on; and a second |inear

actuator attached to the first |inear actuator, attached to the stage, and
capabl e of positi @E&cﬁt@ﬁn&&acmataahtcnedstsagmstmeamﬁﬁﬂdﬁahédaemeon wher ei n

posi i on- h'e'sEaE%rgea“%t bpikging e ey Jfbgé%v%%te‘é%v?éafﬁ‘)f’ﬁ{ orior
cavity. 17. The a ar at u of;] ?% ai mt%g%({ 'ﬂldt her . J.nc g‘ a li reception
device and a Ii gh W ROt $ %‘"ﬁ‘ﬂt aﬁg? ?Q?Iga%sm ssion
device is corppéiﬂd:thahtdghetanaafypigahtjoaﬁpomﬁ:dxmamﬂugmwdavhtg transmt |ight
enmtted fromthe sanple to a fixed datumof the [light reception device.

18. The apparatus of claim 17 wherein the |ight transm ssion device

conprises a mrror that reflects fight emitted fromthe sanple towards the
fi xed datum 17.  The apparatus of claim 16 further including a light reception device and a light

transmission device, wherein the light transmission device is coupled to the imaging
box and configured to transmit light emitted from the sample to a fixed datum of the
light reception device.

18.  The 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.
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19. The apparatus of claim 17 wherein the fixed datumis a flxed axi s
perpend| cuI ar to a vertical wall of the |mag| ng box 20 Th %Hﬁ}’%mb@rcﬁOOS
n the |ight rec;~ Sleseag e (CRIECIO i

kSt : us of claim16 W AT H A ,-
di rection amgpdoﬂwgonal. 26 ANENDED SHEET 15 Decenber 2005 22 The
appar at us ‘of claim2l wherein the first |inear actuator provides vertical
positioning for said stage and the second |inear actuator provides
horizontal pasi t Thenippgathoof cain @1 smagiatheﬁstliﬁbmaapﬂeﬂm\ddeswémhlai m 16

wher ei n i magi ngq. box | ses caner. ada to ceive a canera,
the canmera cB grfc %"ﬁ?ﬁ@haﬁ?"? %‘WS? ‘tt?fé’ ‘P‘#ﬁﬂ hin the interior
cavity. 24. paxitlonigifckaidppge.at us for capturing an inage of a sanple, the

i magi ng apparatus conprising. an inaging box including an interior cavity
f'or receiving the sanple; a stage for supporting the sanple; and a
positioning armrotably coupled to the stage and rotably coupled to the

iymagi ng bf)X Jch Itﬂaappatnhesf hﬂhﬁﬁlﬁﬁmmﬁnagﬁfg&bﬁrﬁmﬂlsbs’adﬁﬁfet@@&hﬁl Lor anyd
rotationa osition of the itioni rmrelative the imaging box; and a
mrror att ac%é%‘e‘%@fﬁ%‘feﬁcﬁﬁFﬁg‘g%mmtﬁbfﬁ FRpturng,ap igage ofithe sample| ect | i ght
emtted fromihetsamBis cadityl east partially along a fixed datum 25. The
apparatus of claim 24 wherein the stage rotates about the fixed axis within

t he i magi ng box. 26. The apparatus of claim 24 wherein the positioning arm
I's configured to rotate between a first position and a second position,

wher ei n t he Z4i r siAnam W&lﬁbﬁpﬁ&l’maﬁﬁﬂ@eafdsﬁﬁpﬁ geimangg e relative to
the fixed aX|s 27 T paratus of claim24 wherei.n the positioning arm
further i nclaHRAEu d degree of freedomrelative to said positioning

arm said second d ree  of reedo able_of a t.he position of
sai d stage rel at &% gbgx fpe #%W@f\@ﬁﬁ"%ﬁﬁg&f‘e le;

a stage for supporting the sample; and

a positioning arm rotably coupled to the stage and rotably coupled to the
imaging box such that the stage remains substantially horizontal for any rotational
position of the positioning arm relative the imaging box; and

a mirror attached to positioning arm, the mirror configured to reflect light

' emitted from the sample at least partially along a fixed datum.

25.  The apparatus of claim 24 wherein the stage rotates 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.

27
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15 Decenber 2005 XENOPOO2- WO 28. The apparatus of claim 24 wherein a
portlon of the stage is transparent 29. A method for inmagi nd&WbﬁrﬂQﬂS

hi n an.ata@agm :

ST A -o;ni'w. : 2o -"'?k‘%gl ng
HintaeiRh 3a canera confi guseMOaMieE ure afERaoM; @g_? fiSmAZe, t he
rret“ﬁ‘ocflncl Udl,&ﬂ pdiP¥HNY the stage to a first p05|t|on Tn the |rrag|' g box;

capturing @ first 1nage of the sanple fromthe first p05|t|on usi ng the,
camera; * noving the stage to a second position in the imaging box, wherein
the second poastlomefsaﬁar@usctrémﬁtrmtheamlpemwbﬁheéf@etma?fa}as@d dat um
associated with the camera than the first position; and capturing a second
I mge of the sanple fromthe second position using the, canera. 30. The

met hod of claim 29 further including capturing a third imge of the sanple
fromthe firspgposAine@sd foB&:agiIQESaiﬁ;ﬂebmds@fplﬂhﬂjomﬁ@ra\&tbgéﬁbﬁeabi%e first imge

conprises |lum nescent data _and t third i mage conpri ses phot ographic
data. 32. The“HERAREAGME ?’awqﬂi’@t‘%‘t"ﬂle‘tt‘?@ 78 pontigyed o caEe#dsi t i on have

a different keftﬁ@Ja_a;?]thﬁeﬁahddlﬂdﬁﬂﬁﬁra 33. A stage apparatus for use
with an imaging systemtfor capturing an inmage of a sanple with a camera,
the imagi ng syst emdvingliiediapsioa first paghion h thodhafiaybokg a set of walls defining
an interior cavity, and a canera nounted relative to a fixed datumon one
of said walls, saicghtainggdirstinmas altthissanplefiom shefyst pasition @kihg the 3iker;SSi on devi ce
configured to rotate about the fixed datum and a transport mechanism and
28 AMENDED SHEET atoﬁngtthe sﬁge&ﬁa idoord msifiorfin Bie dmagingibo, Giibreiithideckhd. WO a st age
configured to_ s Jthe i nte | sai d stage

bei ng coupl echfjég’Fﬁ a"é‘b %re?m%%r?i@%{%o nf)oc]@#?gmtﬁgqe?‘ﬁgasanpl e to one
of a than the ﬁrstposmon, and

\__r
CI

capturing 2 second itage of the sample from the second position using the

camera.

30.  The method of claim 29 fixther including capturing a third image of the
sample from the first position.

31.  The method of claim 30 wherein the first image comprises luminescent data
and the third image comprises photographic data.

32.  Themethod of claim 29 wherein the first and second position have a different

angle relative to the camera.

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 configured to rotate about the fixed datum; and
a transport mechanism; and
28
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plurality of positions in said interior cavity, wherein said transport
nmechani sm and said |ight transm ssion device are confi gured15 bBecember 2005
cooperat @ Ly direct light refl, t A,__'____,{%‘"tted L.QM S _
":‘QQ; 2g93f i xed datum to caBlMSPEADE mage MERSIEEIGADRIER e Nbrhs
'y§Tem‘“6T‘ T 3@&1 Digglxgﬁmrel n t he T gnt—transm ssi Sﬁ‘dew ce C‘o‘ﬁﬁr?“’s‘esmﬁ«"
mrror that PE i ght emtted fromthe sanple towards the fixed datum
35. The system of claim 34 vvherei n the light transm ssion device is
configured to i P with the fixed
datum 36. The syﬁs?&egﬁﬁpﬁ%# Oaht%%elﬁht%}rl\%%s %%%%g By

hori zont al f beingbduplet to &ahﬂnqpbﬂmbhmi;mdérm&mnmshe s%ple%ﬁn@dﬁi emof claim
gg XhI\/ErN?):EB gﬂ %%OSILOESF}&&S]&HI orca?ully supports the sanple is transparent.

wherein said transport mechanism and said light transmission device are
configured to cooperatively 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,

35.  The system of claim 34 wherein the light transmission device is configured to
rotate about an axis co-axially aligned with the fixed datom.

36. Thesystem of clalm 33 wherein the stage is substantially horizontal for all of
said plurahty of positions.

37.  Thesystem of claim 33 wherein 2 portion of the stage that supports the sample
1s transparent.
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