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METHODS AND SYSTEMS FOR PRODUCING
VISIBLE LIGITT AND X-RAY IMAGE DATA

CROSS-REFERENCTTO RELATELD
APPLICATION

This application ¢laims the benefit of TS, Provisional
Palent Application No. 61/379,261. [iled on Sep. 1, 2010.
which is herehy incorporated herein by reference for all that
it discloses.

TECHNICAL TIELD

The present invention relales 1o x-ray imaging syslems in
general and more particularly to systems for producing both
wigible light and x-ray unages in molecular imaging applica-
Lions.

BACKGROUND

Molecular imaging systems are well-known in the art and
are used Lo caplure various Ly pes or modes olimages [rom any
ol a wide variely of objects or specimens. Common image
types ar modes that may be captured by such a device include
visible light images, wherein visible light reflected by the
object or specimen is capilured by a camera associated with
the imaging system. In another imaging mode. the visible
light comprises light that is emitted by the object itself, as
opposed to light that is reflected by the object. In such cases,
the emitred light may be generated by a luminescence pro-
cess, a [luorescence process, or by a4 combination thereol.

1L is alse alien desitable in such systems o caplure an x-ray
image of the object. The x-ray inage may then be used to
correlate or compare certain features and attrilbwres of the

object with the visval light image of the same object. Typi- 2

cally, such combination or composite Images (i.c., compris-
ing a visible light image as well as an x-ray image) are
desirable where the object being imaged is an animal,
although the ability 10 capture such composite images may be
desirable in other applications as well.

SUMMARY OF THE INVENTION

An imaging, system according 1o one embodiment of the
present imvention may include a main enclosure having at
least eme aceess door that delines a substantially lighl-light
imaping compartment when the access door is 0 a closed
position. An object plarform provided within the main enclo-
sure holds an object (o be imaged. A camoera system posi-

tioned on a [first side ol the object platform is operable o s

capture a visible light image ol the object. A radiation detee-
tor positioned on the first side ot the object platform is move-
able from a first position 10 a second position acrass a field of
view ol the camera syslem. The radiation detector is operable

1o caplure a radiographic image ol the object by moving the s

radiation detector from the first position to the second posi-
tion while detecting radiation trom the object.

Another embodiment of an imaging system according to
the teachings of the present invention includes @ main enclo-
sure having al least one access door that delines a substan-
tially light-tight imaging compartiment when the access door
is in a closed position. An object platform provided within the
main enclosure holds an objoct 1o be Imaged. A camera sys-
tem positioned on a first side o[the object platlorm is operable
Lo caplure a visible light image of the object. An x-ray source
positioned on g second side of the object plattorm is operable
1o direct X-ravs toward the second side of the object platform.

"
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An x-ray detector positioned on the first side of the object
platform is moveable across a ficld ol view ol the camera
system [rom a [irst position 1o a second position. "The x-ray
detector is operable lo caplure an x-ray image ol the object by
moving the x-ray detector from the first position 1o the second
position while operating the x-ray source to direct X-rays
toward the second side of the object plattorm, x-ravs from the
x-ray source passing (hrough the object platform and the
object positioned on the object platlorm belore being incident
on the x-rav detector.

Also disclosed 15 a method for producing visible light and
x-ray images olan object that includes the steps ol Position-
ing an objoct o be imaged on an object platlform: using a
camerd located on a lirst side ol the object platlorm (o caplure
a visible light image of the object; directing x-rays toward a
second side of the object platform from an x-ray source
localed om the sceond side of the object platlorm; deteeling
x-rays passing through the objecl with an x-ray deteclor
located on the first side of the object platform; and moving the

7 x-ray detectar across a field of view of the camera while

continving to direct x-ravs toward the second side of the
object platform i order (o capiure a two-dimensional x-ray
image ol the object.

BRIEF DESCRIPTION OF THE DRAWINGS

Musirative and presenily prelerred exemplary embaodi-
ments of the invention are shown in the drawings in which:

FIG. 1 15 a perspective view of one embodiment of a com-
posite imaging system according to the teachings of the
present invention:

I°1(3. 2 is a seetional view in perspective ol the composite
imaging svstem illustrated in FIG. 1 more clearly showing
certaih compaonents associated with the visible light and x-ray
imaging systems;

I1€3. 3 is a scetional view in perspectlive ol the composite
imaging system ol FIG. 1 more clearly showing the x-ray
detector and gantry assembly;

FIG. 4¢ is a composite image of mammalian specimens
comprising reflected and emitled light images:

I1(3. 4h is 2 composile image ol the mammalian specimens
ol PIG. da. bul comprising cmitied light and radiographic
images;

FIG. 5 isan enlarged perspective view of the x-ray detector
and ganiry asscmbly:

IP1(3. 6 is 2 botlom view ol the x-ray delector and gantry
assembly illustrated in FIG . § with the shield plate removed 1o
more clearly show the gantry assembly; and

FIG. 7 is a side view of the x-ray detector and gantry
assembly illustrated in IG5,

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Une embodiment ol a1 composile imaging system 10 {i.c.,
an imaging svstem that is operable to capture both visible
light and radiographic images of an object) is best seen in
FIGS, 1-3 and is shown and described herein as it may be used
iz molecular imaging application 1o caplure various ypes ol
mages ol various kinds of objects or specimens 120 For
example, in one embodiment, the composite imaging svstem
10 may be used to capture and display various types of com-
posile Images 14, 16 o mammalian specimens, as shown
IS, da and 4b. In particular. the composite image 14
depicted in 1VIG 4e comprises superimposed reflected and
emitted light images of the mammalian specimens 12,
whereas the composite image 16 depicted in FIG. 45 com-
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3
prises superimposed emitted light and radiograplic (e.q.,
x-ray) images ol themammalian specimens 120 Aliernatively.
the composile imaging system 10 may be used o caplure
alher ypes of images from other kinds of specimens 12, as
will be described in further detail herein.

Referring back now to FIGS. 1-3, in the particular embodi-
menl shown and described herein, the composite imaging
system 10 may comprise @ generally reclangularly-shaped
housing 18 that defines an imaging compartiment 20 therein,
The housing 18 of imaging, system 10 may be provided with
an access door 22 that can be moved vertically between a
closed position (shown in IPIG. 1 and an opened position (not
specilically illustraled m the drawing lgures) Lo allow the
et to access the imaging compartment or chamber 20
defined within housing 18. The imaging compartment 20 may
be provided with an imaging platform or stage 24 (herein that
is comligured (o hold one or more objects or specimens 12 (o
be studied and imaged. Imaging sysiem 1 may also be pro-
vided with a camera system 26 and lighting svstem 28, Light-
ing system 28 may be provided with a plurality of individual
light sources 30 (1'I(5. 3) thal can be sclectively illuminaled.
A will be deseribed in Turther detail below, camera syslem 26
and liphting system 28 may be used topether 1o capture vari-
custypes of visible lightimages of the specimen or specimens
12.

Composiic imaging system 10 may also be provided with a
radiographic or x-ray imaging sysiem 32 thal may be used (o
capturevarious types of radiograplhic images, including x-ray
images, of the object or specimen 12. In the particular

embodiment shown and deseribed herein. x-ray imaging sys- 3

tem 32 may comprise a radiation or x-ray deleclor assembly
34 ayg well as an x-ray source 36, The x-ray deleclor assembly
34 and x-ray source 36 are provided on opposite sides of the
inaging platform or stage 24, as best seen in FIG. 2. In the
particular embodiment shown and deseribed herein. the x-ray
deleclor assembly 34 is moveably mounted (o a ganiry assem-
bly 38 that allows the x-ray detector assembly 34 10 be moved
along, longitudinal direction (indicated by arrows 40)
between a first position (shown in FIGS, 2, 3, 5, and 6) and a
sceond position (not speeifically illustrated in the drawing
ligures) on the opposite side o ganiry assembly 38, As will be
described in greater detail below, movement of the x-ray
detector assembly 34 in the longimdinal direction 40 allows
two-dimensional radiographic images to be acquired of the
object or specimen 12,

In the particular embodiment shown and desceribed herein.
the composite imaging system 10 1s designed or configured to
be connected to separate computer system 42, e.p., via a
suilable data link 44. 'The computer sysiem 42 may comprise

a comventional “PC” type ol compulter sysiem and may be s

provided with a display system 46, along with one or more
wput devices, such as a kevhoard 48 and a suitable pointing
device, such as a mouse 50. The computer system 42 allows a
user Lo operate the composile imaging system 10 and view on

10.

The composite imaging system 10 may be used 1o capture
any ot a wide range of visible light images and radiographic
images ol the objeet or specimen 12 positioned on the imag-
ing platlorm or stage 24, [owever. belore proceeding wilh
the description, it should be noted that, as nsed herein, the
term “visible light™ refers 1o light that is commonly regarded
as being in the visible light spectrum (i.c., having wave-
Iengihs ranging rom about 400 nanometers (mm) Lo about
700 nm). [owever, “visible light” may also reler 1o light in
the near-infrared and near-vltraviolet ranges as well, i.e., light
having wavelengths longer than 700 nin and shorter than 400

digplay system 46 images produced by the imaging system s

]
oY
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nm, respectively, Similarly, the term “visible light image™
relers 1o light images produced by detecting light in the vis-
ible light range (i.c., in the near inlrared, visible, and near-
ultravielet ranges). but rendered in colors that are visible o
the human eve. That is, the term “visible light image™ also
includes so-called “false™ color images, in which the various
features depictled in the images may or may nol be rendered in
the same calor as aclually rellecied or emitled by the object or
specimen 12,

It should also be noted that the term “radiographic image™
as vsed herein reters 10 inages resulting from the detection of
cerlain lypes ol short wavelength photon radiation. Generally
speaking, such photon radiation will include x-ray radiation
{ie., generally regarded as photon radiation having wave-
lenaths of a few 10"s of nm or less ). In addition, radiographic
may reler o photon radiation having wavelengths that arc
greater (i.c. longer) than or less (Le., shorter) than the wave-
lengihs typically associaled with x-ray radiation.

Continuing now with the descripion, one tvpe of visible

3 light image that may be captured by the composite imaging

system 10 may comprise a simple reflected light image ol the
specimen 12, Such a rellected light image may be formed by
detecting or capturing ambient light reflected by the specimen
12. Another tvpe of visible light image may comprise an
emitted light image. An emitted light image may be formed or
obtained by capluring light emitted by the specimen 12 iiscll)
c.g. vid luminescence andfor [uorescence processcs. Such
visible light images of the specimen 12 may be captured or
recorded by the camera 26 and displaved on display system
46, i desired.

Radiographic images may be obtained by using the radia-
tion or x-ray delector assembly 34 1o deleet radiation [rom the
specimen 12, A common type of radiographic image may
comprise an x-ray image of the specimen 12, which mav be
formed by detecting x-rays (e.2. [rom the x-ray source 36)
passing through the specimen 12, Another type of radio-
graphic image may be formed by using (he x-ray detector
assembly 34 1o detect radiation (i.e., of the appropriate wave-
length) that may be emitted by radioisotopes or other radio-
active substances comprising or otherwise provided in the
specimen 12,

In many applications, the various tvpes of visible light
images (including reflected and emirted light images) and
racdiographic images (ecluding x-ray and radio-isotopic
images) may be combined with one anoiher 10 form one or
more combined or composite images 14 and 16, as shown in
FIGS. 4¢ and 4. The combined or composite images 14, 16
may also be referred 1o herein as “overlay™ images, in which
various combinations of the ecmitled light. radiographic. and?
or reflected light images are superimposed on one another,
l'or example, the composite image 14 depicted in VG, da
comprises reflected and emirted light images that are super-
imposed on one another, whereas composite image 16
depicted in I1(E. 4b comprises emitled light and x-ray radio-
graphic images that are superimposed on one another. The
composite inages provide a visual correlation of the various
features and attributes caprured by the various types of
images. Generally speaking, such composite images are par-
ticularly uselul when perlorming in-vivo images ol living
organisms, although they may be used when studying any
tvpe of object or specimen 12, either in-vivo or in-vitro,

The composite imaging system 10 may be used as follows
o oblain various types of images (c.g., visible light images
andsor radiographic images) ol any ol a wide variety ol speci-
mens 12, In one embaodiment, the specimen 12 may comprise
a mammalian organis, such as a movse {depicted in FIGS,
4¢ and 45), although in other embodiments, the specimen 12
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may comprise a well plate 54 (depicted in FIG. 2) for analyz-
ing chemical samples disposed in the various wells ol well
plate 54, In any event, and regardless of the particular type ol
specimen 12 that is o be imaged. once the user has positioned
the specimen 12 onthe imaging plattorm or stape 24 (FIG. 2),
the access door 22 (FIG. 1) of imaging system 10 mav be
moved 1o the closed position. When the access door 22 s
closed, the imaging compartment 20 will be dark and sub-
stantially light-tight, thereby allowing the camera system 26
1o capture a visible light image ot the specimen 12,

As briefly described above, the visible light image may
comprise a reflected light image ol the specimen 12 or an
emitled light image produced by luminescent or fluorescent
materials comprising the specimen 12, More particularly, if
the specimen 12 is luminescent, then camera systemn 26 may
dircetly caplure an emitted light image of the specimen 12 by
opening a shutler (nol shown) on the camera sysiem 26 lor a
time suflicient o caplure the desired lumineseenl image.
Alternatively, if a tluorescent image of the specimen 12 is to
be captured, then the tluorescent material(s) in the specimen
12 may firsi need o be activated or exciled belore it will emit
substantial amounts ol light. The Muorescent material in the
specimen 12 may be activated or excited by illuminating, the
specimen 12 with excitation light of the appropriate wave-
length. In the particular embodiment shown and described
hereim, the excilation light may be provided by aclivatling an
individual light source or sources 30 (111G, 3) ol lighting
system 28. After an appropriate period of time, the individual
light souree(s) 30 of lighting system 28 mav be extinguished.

An emitled light image ol the now-uorescing specimen 123

may be captured by camera system 26.

Al some point during the imaging process. ¢.g.. cither
betore or after the capture of the emitted light image by the
camera svstem 26, the imaging svstem 10 may also capture a
rellected light image of the specimoen 12, In one embodiment.
the rellected light image may also be acquired by camcera
system 26. Lighi sullicient for illuminating the specimen 12
may be provided by activating one or more of the light sources
30 of lighting system 28, which may be specifically provided
lor this purpose.

A radiographic image ol the specimen 12 may also be
obtained, again either before or after the capture of any
desired visible light images. In an embodiment wherein the
radiographic image is o comprise an X-ray image of the
specimen 12, an x-ray radiographic image may be oblained
by operaling the x-ray source 36 1o produce or otherwise
directx-ravs (not shown) toward the specimen 12 provided on
platform 24. After passing through the stage 24 and specimen
12, the x-rays are detecled by x-ray detectlor assembly 34,

During the x-ray deteetion process. the delector assembly 34 =

is activaled Lo deleet x-rays passing through the specimen 12.
Atthe same time, the activated detector assembly 34 is moved
along the gantry assembly 38, i.e., in the longimdinal direc-
tion 40, [rom the [irst position on the lefi-hand side ol ganiry

assembly 38 (1L.c.. as shown in P1G. 2 o the second position s

{not shown, on the right-hand side of gantry assembly 38).
The movement of the detector assembly 34 along the longi-
tudinal direction 40 during the detection process will allow a
two=dimensional x-ray image ol the specimen 12 o be pro-
duced (e.g. by siilching logether various image portions
acquired by detector assembly 34 as it is moved along, the
pantry assembly 38). Thereatter, the x-ray source 36 can be
deaclivated or olherwise caused o stop direcling x-rays
toward the specimen 12.

Ihe visible light images (c.g.. comprising reflected andfor
emitted light inages) captured by camera svstem 26 may be
displaved on display system 46 (FIG. 1) operatively associ-
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ated with the imaging system 10. In one example, a reflected
light image ol the specimen 12 may be combined with an
emilled light image ol the specimen 12 Lo produce 4 compos-
e image 14 that comprises both (he emitled and reflected
light images of the specimen 12. See FIG. 4¢. Similarly, a
radiographic image (e.g.. colprising an x-ray lnage) cap-
tured by x-ray imaging sysicm 32, may also be displayed on
display svslem 46. In one example. the radiographic image
may be combined with one or more images of the other types,
such as an emitred light image, 1o produce a composite image
16, as best seen in FIG. 4b.

Acsignificant advantage of the present invention is that both
types of images (i.e., visible light images and radiographic
images) may be captured nearly simultaneously, typically in
rapid succession, thereby eliminating the need 1o move the
specimen or otherwise disturb the imaging system or sel-up
between image caplure modes. In addition, the radiographic
{C.g.. x-ray) images may also be acquired, processed. and
displayved in substantially the same manner (and with the
same image processing systems) vsed tor the visible light
images.

Sl other advaniages are associated with the x-ray image
detector 34 that may be vtilized in the present invention. For
example, the x-ray inage detector 34 dispenses with the need
to use film-based x-ray imaging, svstems that are typically
used in these types ol molecular imaging systems. "The ability
o dispense with such (Tim-based systems allows for the elimi-
nation of the cumbersome scintillator plates and film holders
associated with conventional svstems. In addition, the x-ray
image detector 34 generally produces a much higher resolu-
tion than do [ilm-bascd systems. The radiation or x-ray image
detector also direetly produces image data in the same type ol
image tormat {e.g., electronic) as the visible light images
produced by the camera system 26. Consequently, subse-
quent image processing operations and composile image lor-
malion steps may be conveniently performed withoul the
need o first develop the x-ray [ilm. then scan the x-ray [ilm 1o
produce electronic image data.

Having briefly described one embodiment of the compos-
e imaging system 10 ol the present invention, as well as
some ol lis more signilicant features and advanlages. various
exemiplary embodiments ot'the composite imaging system 10
will now be described in detail. However, before proceeding
with the description, it should be noted that while the particu-
lar embodiments are shown and deseribed heren ag they
could be used 10 obtain visible light and radiographic images
of certain types of specimens, the particular images and speci-
mens may differ depending on the requirements of the par-
ticular imaging application. Consequently, the present inven-
tion should not be regarded as limited to the particular
specimens. image types. and imaging lechnigues shown and
described herein,

Referring back now primarily to FIGS. 1-3, a composite
imaging system 10 according o one embodiment of the
present Invention may comprise a generally rectangularly-
shaped housing or main enclosure 18 that is configured to
house and support the various components and subsystems
required 10 perform various types of molecular imaging pro-
cesses, a8 will be deseribed hercin. “The main housing or
enclosure 18 may be provided with various external lnish
panels 52 that cover or overlay the underlying housing, or
main enclosure structure 18, In the particular embodiment
shown and described hercin. the composile imaging syslem
1 is designed or configured o be connecled (0 a separale
compuler system 42, e, via a suilable dala link 44. 10 allow
a vser to operate the composite imaging svstem 10 and 1o
view the images produced by the imaging system 10 on a
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display svstem 46 associated with computer system 42, Com-
puter system 42 may also be provided with keyboard assem-
bly 48 and a pointing devices, suchas a mouse 50, 0 allow the
user lo convenienlly operate and control the compuler system
42 and/or imaging s¥stem 10. Alternatively, other arrange-
ments are possible, as would become apparent to persons
having ordinary skill in the art after having become familiar
with the leachings provided herein. In addition. because com-
puter systems 42 suitable for use with such molecular imag-
ing syslems arc well-known in the art and could be readily
provided by persons having ordinary sldll in the art after
having become tamiliar with the teachings provided herein,
the particular computer svstem 42 and associated compo-
nents will not be described in Turther detail herein.

The computer sysiem 42 may be provided with one ormore
sofware packages or computer programs that allow the com-
puter 42 to intertace with the imaging system 10. The com-
puter program{s) may be confipured to allow the computer 42
1o control various functions and operations of the imaging
system 100 In addition, the compuler program(s) may be
configured (o perlorm various image processing functions (o
allow the varlous images (e.o., composite images 14, 16
shown in FIGS, 4¢ and 45) to be displayed on display svstem
46 1in the manner described herein.

Sofiware suilable [or providing the luncliomalily described
herein may be readily provided (c.g.. wrillen) by persoms
having ordinary skill in the art after having become familiar
with the teachings provided herein. Consequently, the par-

ticular computer programs or sollware packages thal may be 3

provided 10 compuler system 42 will not be deseribed in
lurther detail herein. other than o note those [unclions and
processes that may be implemented thereby.

The main enclosure 18 of composite image svstem 10 may
he provided with an access door 22 that can be moved verli-
cally between a closed position {shown in FIG. 1) and an
opened position (not specifically illustrated in the drawing
figures) 1o allow a user to access an imaging compartment 20
defined by the main enclosure 18. See FIG. 2. The imaging
compartment or chamber 200 is sived (o recelve one or more
objects or spocimens 12 (o be imaged. Objects or specimens
12 that may be used with imaging, system 10 include samples
that mav be provided in a well plate 54 as well as living
organisms, such as a mouse (depicted in FIGS. 4 and 45).
Other types ol objects or specimens 12 may be imaged lor
alher purposcs as well. as would become apparent (o porsons
having ordinary skill in the art after having become familiar
with the teachings provided herein.

Referring now primarily 1o UG 2. the imaging sysiem 10

also may include an imaging sysiem sub-assembly 56. Sub- s

assembly 56 may comprise the objoct platlorm or stage 24 as
well as a mounting or support structure 58. The object plat-
form 24 may be moveably mounted 1o the sub-assembly 56 so
that the object platfirm 24 can be moved vertically toward

and away [rom the support structure 38, Le., generally in the s

directions indicated by arrows 60, The support structure 58
may also be configured 1o receive camera svstem 26, lighting
system 28, and various components of the radiographic or
X-ray imaging system 32.

Supporl structure 58 may also be conligured 10 receive
various other components and systems (e.g., motor and cam-
era control systems as well asa cooling system for the camera
system 267 thal may be required or desired (o caplure various
kinds ofimages (c.g.. visible and radiographic images) of the
specimen 12, | lowever. beeause a detailed deseription of such
other components and systems is not required to understand
and practice the current invention, the particular components
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and svstems that may also be provided to the imaging system
1will not be deseribed in Turther detail herein.

Relerring now (o FIGH. 2 and 3 simultaneously, camera
syslem 26 may be mounted 1o support structure 58 so that the
camera system 26 is located or positioned on a first side 62 of
object platform 24 (FIG. 2). The camera svstem 26 may
include a lens assembly 64 (1°105. 3) that defines a field ol view
(illustrated by lines 66, G 2 thal may be substantially
coextensive with the imaging platform or stage 24, therely
allowing the camera system 26 to capture a visible light image
01 the object or specimen 12 provided on the object platform
24, Camera sysiem 26 of imaging system 10 will generally
comprise 2 high-perlormance. high-sengitivily camera suil-
able tor capturing the extremely low light intensities associ-
ated with luminescent or fluorescent objects or specimens 12,
During operation, the light sensitive clement (ot shown) of
the camera syslem 26 is ypically cooled o very low lempera-
tures in order 1o improve the sensitivily. dynamic range, and
signal-to-noise ratio of camera system 26,

Camera system 26 of image svstem 10 may comprise any
ol a wide range of high-sensitivilty cameras thal are now
known in the art or thatmay be developed inthe lulure that are
or would be svitable for capturing the extremely low light
intensities associated with luminescent andior fluorescent
oljects or specimens 12, Consequently, the present invention
should not be regarded as limiled (o any pariicular camera
syslem 26, Camera sysiems suilable Lor use as camera system
26 may be obtained trom Spectral Instruments, Inc., of Tuc-
soll, Ariz,

Relerring now primarily o F1G. 3, lighting system 28 is
also mounicd 1o support structure 38. In the particular
cmbodiment shown and described herein, lighting system 28
may conprise a generally round or disk-shaped structure that
ig provided with a central opening 68 therein that is sized 1o
reccive the lens assembly 64 of camera syslem 26, The
arrangement is such thal the ficld o view 66 of camera sysicm
26 will be substantially unobsiructed by the lighling syslem
28. Lighting system 28 mav be provided with a plurality of
individual light sources 30 suitable for illuminating the speci-
men 12 with light in various desired wavelength regions or
bands. More speciiically. the light sources 30 may be used 1o
produce excitation light of a wavelenath range suitable for
exciting the particular fluorescent material in the object 1210
be imaged. Becavse the imaging system 10 is designed or
comfligured o image a wide variely of Muorescenl materials,
cach ol which may require exeltation light ol a dillerent
wavelength or wavelenpths, each of the various light sources
340 is confipured or designed to produce light in a different
wavelength range. Accordingly, 2 wide range ol [Tuorescent
malerials may be excited or made 1o Muoresee by simply
activating (he particular light source or sources 3 comprising
lighting system 28 that produce light in a wavelength range
suitable tor exciting the particular fluorescent material to be
imaged. In the embodiment shown and deseribed herein,
several ol the individual light sources 30 comprise broad-
band (e.g., white light) sources. The broad-band or white light
sources may be used to illuminate the object 12 to allow the
calera system 26 1o capture a reflected light image thereod.

Still relerring 1o VIGS. 2 and 3. various components of the
x-ray imaging sysiem 32 also may be mounied lo the support
strueture 58 of imaging svstem 10, More specifically, and in
the embodiment shown and described herein, the X-ray detec-
lor 34 and ganlry assembly 38 arc mounted 1o the support
structure 38, Accordingly. the x-ray detector 34, like camera
system 26, is also located or positioned on the lrst side 62 of
olject platform 24, X-rav source 36 is mounted on the second
side 70 of the object plattorm 24, generally on the bottom or
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lower section of imaging system 10, as best seen in FIG. 2.
When activaled, the x-ray source 36 directs x-rays (not
shown) loward the second side 70 ol the object platlorm 24.

Xeray source 36 may comprisc any ola wide range ol x-ray
sources that are now known in the art or that may be devel-
oped in the future that are, or would be, suitable for the
intended application. Consequently, the present invention
should not be regarded as limiled 10 any particular type ol
x-ray source. [lowever, by way ol example. In one embodi-
menl. x-ray source 36 may comprisc an x-ray source available
from Newton Scientific, ne., of Cambridae, Mass. (LIS}, as
model no. NS-291,

With reterence now primarily to FIGS, 3 and 5-7, the x-ray
deteclor 34 may comprise an x-ray sensor clement 72 that
extends along 2 transverse direction 74, T he x-ray delector 34
{and sensor clement 72) 1s moveably mounied o the ganiry
assemibly 38 that is mounted to support structure 58 of imag-
ing system 10. The gantry assembly 38 allows the x-ray
detector 34 to be moved or translated in a longitudinal direc-
tion 4 that is generally perpendicular to the transverse diree-
tion 74. More specifically, in the particular embodiment
shown and described herein, the x-ray detector 34 is move-
able between a first position, e.g., on the lett side of the
camera lens assembly 64 (which position is illustrated in
IPIGE. 2. 3, 5, and 6). and a sccond position. ¢.g., on the right
side of the camera lens assembly 64. Thus, the x-ray deteclor
34 (and sensor element 72) is moveable in the longirudinal
direction 40, across the field of view 66 (FIG. 2} of camera
syslem 26.

The x-ray detector 34 may comprise any of a wide range ol
x-ray detectors that are now known in the art or thal may be
developed in the fiture that are, or would be, suitable for the
wmtended application. Consequently, the present invention
should not be regarded as limited Lo any particular Lype ol
x-ray detector 34, lHowever. by way ol cxample, in one
embodimeni. the x-ray detector 34 compriscs an x-ray sensor
available from Hamamarsu Photonics of Japan. This particu-
lar x-ray detector comprises a relatively long, narrow or strip-
like sensor clement 72 thal comprises 4096 picture clements
or “pixels” in the long direetion (1.c., along transverse diree-
tion 74) and 128 pixels in the short direction (i.e., along the
longitudinal direction 40). As will be described in preater
detail below, in one embodinent the detector 34 is operatedin
a time delay integration mede in which the Light is shilied
ameong (he various pixels ol the sensor clement 72 at the same
rate as the detector assembly 34 is moved in the longitudinal
cirection 40.

Referring now o FIGS. 6 and 7, the x-ray deleclor 34 is

mounted to ganiry assembly 38 thal, in one embodiment, may s

comprisca pair ol guide memboers or guide rails 76, 78 that are
mounted 10 sub-assembly 58 so that they are located in pen-
erally parallel, spaced-apart relation, An actuator system 80
operatively associated with the x-ray detecior assembly 34 is

used o move or translate the x-ray deteclor 34 along the guide s

rails 76, 78, between the first and second positions. The actua-
tor system 80 may also comprise a position sensor 82 that is
operatively associated with the x-ray detector assembly 34.
The position sensor 82 senses a longiludinal position of the
x-ray detecior assembly 34 along the guide rails 76. 78.

In one embodiment, the actuator system 80 comprises a
lead screw 84 mounted for rotation on puide rail 78. See FIG.
7. A lead serew Tollower or nul 86 mounied o the x-ray
detector 34 and engaged with lead serew 84 maoves (he x-ray
deteclor 34 along the guide rails 76. 78 (Le., in longitudinal
direction 40) in response 1o rotation of the lead screw 84, A
drive maotor 88 operatively connected 10 lead screw 84 rotates
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lead screw 84, thereby causing the x-ray detector 34 10 move
alomg the guide rails 76. 78 in the longiludinal direction 44y in
the manner already described.

The position sensor 82 may comprise a relary encoder (nol
shown) operatively connected to the lead screw 84 that pro-
duces an output signal relating to the rotation of the lead
serew 84, Allermatively, a lincar encoder or sensor may be
used Lo sense linear movement or (ranslation of the x-ray
detector 34 along the guide rails 76, 78.

Referring back now to FIGS. 1 and 2, the composite inag-
ing system 10 of the present invention may also comprise an
image dala processing syslem 90, portions ol which (e.g.,
hardware) may be provided wilhin the imaging system 10
itself, and other portions of which (e.g., software) may be
provided on computer system 42, The image data processing
system 90 may be operatively associaled with the x-ray delec-
lor system 34 and may process or slilch lgether various
image portions or scgmenls produced by the x-ray deteclor
system 34 (e.g., operated in the time delay integration mode)

3 to form atwo-dimensional x-rav image of the object or speci-

men 12, The image data processing system 90 may also be
operatively associaled with the actuator system 8 the posi-
tion sensing svstem 82, and the x-ray source 36. The image
data processing svstem 90 may operate those svstems in
conjonetion with the x-ray detector system 34 in accordance
with the methods deseribed herein inorder (o caplure an x-ray
image of the object 12, The image dala processing system 90
may also be operatively associated with the camera system 26
and lighting svstem 28 and may be vsed to process visible
light images captlured [rom the camera system 26 as well.

The composile imaging system 1 may be operaied as
follows 1o caplure both visible light images and x-ray images
of an objector specimen 12 positioned on the object platform
24. In one embodiment, the image data processing svstem 90
may be programmaed or operaled o control the various cle-
menis and devices in the manner deseribed 1o perlom the
various sleps in the methods described herein, Altemativly,
other operational architectures are possible, as would become
apparent to persons having ordinary skill in the art after
having become familiar with the teachings provided herein.
Consequenily, the present invention should not be regarded as
limited to the particular operational architecture described
herein.

A visible light image of the object 12 may be captured atter
the user hags closed the door 22 (o the composiie imaging
system 1. 1Lighling system 28 may be used to illuminate the
object 12 in order to capture a reflected light image of the
object 12, Alternatively, a visible light image ot light being
cmilled by the object 12 itselll c.g., as a result of Tumines-
cence or uorcscence, may be oblained by allowing the cam-
cra syslem 26 1o deteet a sullicient number of photons [rom
the object 12. During visible light imaging, the x-rav detector
system 34 will remain in either the first position or the second
posilion so as nol o obstruet the field of view 66 ol camera
syslem 26,

A radiographic image, such asan x-ray image, ot the object
12 may be captured or obtained by activating the x-ray source
36 located on the second side 70 of the object platform 24,
The radiographic (e.g., x-ray) image may be oblained either
prior lo or aller the visible light image process deseribed
above, During the radiographic imaging process, the acti-
vated X-ray source 36 will direct x-rays (1ot shown) toward
the sceond side 70 of the object platform 24. Therealicr, the
x-rays will penciraite the object platlorm 24 as well as the
object 12 provided thereon. The x-ray delector 34 will detect
x-ravs passing, through the alyject platform 24 and the object
12. As mentioned above, in ohe embodiment the x-ray detec-
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tor 34 is operated 1 a time delay ntegration mode i1 which
the light is shified across the various pixels ol sensor element
72 al the same rate as the detector 34 1s moved in the longi-
tudinal direction 40, Operation in such a time delay integra-
tion mode will allow the detector 34 1o acquire or ntegrate
more radiation trom the specimen 12, thereby improving the
quality of the resultant image data. 'The delector 34 will con-
tinue lo deteet such x-rays as it 18 moved or translaled (i.e., in
longitudinal direction 40) from the first position to the second
position, across the field of view 66 of camera system 26. In
s0 doing, a two-dimensional x-ray image may be constructed
by combining or stitching together the plurality of image
porlions or scgments oblained by the x-ray detector 34 as 1t
moves along the longitudinal direction 40.

Ags described above, the various image types (e.2., visible
and radiographic) ol a specimen or specimens 12 caplured by
the imaging syslem 10 may be displayed on the display sys-
tem 46 (1Cr. 1) In particular, visible light images (c.g..
comprising reflected and/or emitted light images) caprured by
camera system 26 may be displayed on display system 46. In
ome example application. arcllected light image ol'specimens
12 may be combined with an emitted light image of speci-
mens 12 to produce a composite image 14 that comprises both
the emitted and reflected light images. See FIG. 44. Similarly,
a radiographic image (e.g., comprising an X-ray image) cap-
tured by x-ray imaging system 32, may also be displayed on
display sysiem 46. In one cxample application. the radio-
graphic image may be combined with one or more images of
the other types (e.g., an emitted light image) to produce a
composile image 16. as best scen in UGG, 4h.

lHaving herein set forth prelemed embodiments of the
present invention. it is anticipaled that suitable modifications
can be made thereto which will nonetheless remain within the
scope of the iwvention. The invention shall therefore only be
comslrued in accordance with the [ollowing claims:

The invention shall therelore only be construcd in accor-
dance with the [ollowing claims:

1. An imaging s¥stem, comprising:

a main enclosure having at least one access door, said main

crnclosure delining a substantially light-tight imaging
compartment when the access door is in a closed posi-
tion;

an object platform provided within said main enclosure tor
holding an object 1o be imaged;

a camera positioned on a [irst side ol said object platlorm.
said camera caplurcs a visible light image ol the object:
and

a radiation detector positioned on the first side of said
object platform, said radiation detector being moveable

across 4 [icld ol view ol said camera from a [irst posilion s

o a sceond position, said radiation deteclor caplures a
radiographic image of the object by moving said radia-
tion detector trom the first position to the second posi-
tion while aperating said detecior 1o detect radiation
from said object.

2. The imaging system of claim 1, wherein said radiation
detector comprises an X-ray detector and wherein said imag-
ing system further comprises an x-ray source positioned on a
sceond side ol said object platform, said x-ray source being
operable o direel x-rays loward the sceond side ol said object
platform, said x-ray detector being, operable to capture an
x-ray image of the object by moving said x-ray detector from
the first position o the second position while operating said
x-ray source (o direct x-rays loward (the second side of said
object platlorm, x-rays from sald x-ray source passing
through said object platform and the object positioned on said
object platform before being incident on said x-ray detector.
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3. The imaging svstem of claim 2, further comprising an
image processing system operatively associaled with said
camera and sald x-ray detectlor, said image processing sysiem
processing image data produced by said camera and said
x-ray detector to produce a compasite image, said composite
image comprising portions of image data produced by said
camoera and image data produced by said x-ray deleclor.

4. The imaging system ol claim 3. wherein the image data
produced by said camera and said x-ray detector comprise
electronic inmage data.

5. The imaging system of claim 1, further comprising a
ganiry asscmbly mounted 10 said imaging system and
wherein said radiation detector s mounted 1o said gantry
assembly so that said radiation detector is moveable along
said gantry assembly in a longitudinal direction.

6. The imaging system of claim 5, wherein said gantry
assembly lurther comprises:

4 [irst guide rail mounted (o sald imaging system so that
said first guide rail extends along the longitudinal direc-
tion; and

a second guide rail mounted o said imaging system. said
second guide rail being in generally parallel. spaced-
apart relation o said first guide rail.

7. The imaging svstem of claim 6, further comprising an
actuator system operatively associated with sald gantry
assembly and said radiation delecior. sald actuator sysiem
operable o move said radiation detector along said gantry
assembly from the first position to the second position.

8. The imaging, system of claim 7, wherein said actuator
syslem comprises:

a lead screw mounted lor rotation with respect w0 said

second guide rail;

a lead screw follower engaged with said lead screw and
slidably movnted to said second guide rail, said lead
screw [ollower alse being mownted o said radialion
detector: and

4 motor operatively associated with said lead screw, said
motor rotating said lead screw.

9. The imaging system of clain 5, further comprising a
posilion sensor operatively associaled with said radialion
detector and said ganiry asscmbly, said posilion sensor sens-
ing a position of said x-ray sensor along the longitudinal
direction.

10. An imaging, system, comprising:

a main enclosure having at least one access door. said main
enclosure delining a substantially light-light maging
compartinent when the access door is i a closed posi-
Tion;

an object platform provided within said main enclosure [or
holding an object (o be imaged:

a camera posilioned on a (irst side of sald objeet platform,
said camera captures a visible light image of the object;

an X-ray source positioned on a second side of said object
platform. said x-ray source being operable (o direct
x-rays loward the seccond side ol said object platlorm;
and

an X-ray detector positioned on the first side of said object
platform, said x-ray detector being moveable across a
ficld ol view ol said camera from a first position lo a
second position. said x-ray deleclor caplures an x-ray
image of the object by moving said x-ray detector from
the first position 10 the second position while operating
sald x-ray source (o diroel x-rays loward the second side
ol said object platlorm. x-rays [rom said x-ray source
passing through said object platlorm and the object posi-
tioned on said object platform before being incident on
said x-ray detector.



US 9,347,894 B2

13
11. The imaging svstem of claim 10, wherein said x-ray
detectlor [urther comprises:
at least one guide member mounted (o said main enclosure:
an x-ray sensor mounled (o said al least one guide member.
said x-ray sensor being moveable along, said at least one
suide member from the first position to the second posi-
tion;
an acluator syslem operatively associated with said x-ray
sensor. said actuator system operable o move sald x-ray
sensor along said at least one guide member; and
a position sensor operatively associated with said x-ray
sensor. said posilion sensor sensing a position of said
X-THY SCHSOL
12. The imaging syslem ol claim 11, wherein said x-ray
sensor extends along a transverse direction and wherein said
at least one guide member extends along a longirudinal direc-
tion (hat is substantially perpendicular wo the transverse diree-
tion, said actualor moving said x-ray sensor along the longi-
tudinal direction.
13. The imaging, system of claim 11, wherein said actuator
comprises:
a lead serew mounted for rotaiion on sald mamn enclosure:
a lead serew lollower mounted (o sald x-ray scnsor. said
lead screw follower operatively engaping said lead
screw;, and
a molor operatively associaled with said lead screw. said
motor rotating said lead screw.
14. The imaging system ol claim 10, further comprising an
inape data processing system operatively associated with

x-ray detector, said image data processing svstem producing -

two-dimensional x-ray image data [rom a plurality ol x-ray
image data.

15. A method [or producing visible light and x-ray images
of an object, comprising:

positioning an object to be imaged on an object platform;
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using a camera located on a first side of the object platform
1o caplure a visible light image ol the object;

dirceting x-rays toward a sccond side ol the object platlorm
from an x-ray source located on the second side of the
object plattform;

detecling x-rays passing through the object with an x-ray

deteclor Tocated on the (irst side ol the object platlorm;
and

moving, the x-ray detector across a field of view of the

camera while continuing to direct x-rays toward the
second side ol the object platform in order 1o caplure a
two-dimensional x-ray image ol the object.
16. The method of claim 15, wherein the x-ray detector
detects X-rays along a transverse direction and wherein said
moving comprises moving the x-rav detector along a longi-
tudinal directiom thal 1s substantially perpendicular o the
transverse dircelion.
17. A method of producing visible light and radiographic
images of an object, comprising;
posilioning an object 1o be imaged on an object platform;
uging 1 camera located om a lirst side ol the object platlorm
L caplure a visible light image ol the object;

detecting radiation emitted by a radioisotope provided in
the object with a radiation detector located on the first
side ol the object platlorm; and

moving the radialion deteclor across a feld of view ol the

camera while continuing to detect radiation emitted by
the radivisotope in the object i order to capture a two-
dimensional radiographic image of the object.

18, The method ol claim 17, wherein the radiation detector
detects radiation along a transverse direction and wherein
said moving comprises moving the radiation detector along a
longitudinal direction that is substantially perpendicular to
the transverse direction.
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