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Description

FIELD OF THE INVENTION:

[0001] The present invention relates to systems and
methods for obtaining multiple representations of an in-
ternal portion of an object, which is particularly useful in
research and imaging applications. In particular, the
present invention relates to multimodal imaging with light
and another type of imaging.

BACKGROUND OF THE INVENTION:

[0002] Today researchers and imaging practitioners
use any one of a number of non-invasive imaging tech-
niques to produce an internal image. These techniques
employ X-rays, magnetic resonance imaging (MRI), CAT
scans and ultrasound. In other systems, optical imaging
is used to produce optical images of an object. For ex-
ample, bioluminescent imaging is a non-invasive tech-
nique for performing in vivo diagnostic studies on animal
subjects in the areas of medical research, pathology and
drug discovery and development. Bioluminescence is
typically produced by cells that have been transfected
with a luminescent reporter such as luciferase and can
be used as a marker to differentiate a specific tissue type
(e.g. a tumor), monitor physiological function, track the
distribution of a therapeutic compound administered to
the subject, or the progression of a disease. Fluores-
cence is another optical imaging technology that can be
used to track cells or molecules in vivo. This technology
has been demonstrated recently using genetically ex-
pressed reporters such as green fluorescent protein
(GFP) and near infrared (NIR) dyes such as Cy5. Briefly,
fluorescence is a molecular phenomenon in which a sub-
stance absorbs light of a particular wavelength and emits
light of a longer wavelength. The absorption of light is
referred to as the "excitation", and the emission of longer
wavelengths as the "emission".
[0003] Each technique has advantages and disadvan-
tages that make it useful for different imaging applica-
tions. Some techniques are well suited to provide spatial
or anatomical information for internal parts while others
are more suited to provide functional information for an
activity of interest within an object being imaged. Re-
searchers are now finding it desirable to combine the
output and strengths of multiple systems. However, the
cost of each of these traditional imaging systems has
become a barrier to such combination; and becomes
even more prohibitive when contemplating multiple tech-
niques at a single site. For instance, an MRI and com-
puter tomography (CT) system can cost millions of dol-
lars. In addition, most traditional imaging systems have
practical complications that inhibit implementation in a
multiple imaging system environment. MRI systems re-
quire that no ferrous metal be near the high power magnet
during operation. Positron emission tomography (PET)
centers are geographically limited to be close to a particle

accelerator device that produces the short-lived radioi-
sotopes used in the technique. Also, transferring an ob-
ject to be imaged between different imaging systems
would be difficult, such as it would be difficult to maintain
the spatial accuracy provided by each system without
compromise due to object transfer between the systems.
[0004] US-6,205,347 describes a multi modality diag-
nostic imaging system which includes a computed tom-
ographic system for performing a first imaging procedure
and a second imaging system such as a nuclear medicine
system for performing a second imaging procedure on a
subject. The two systems are remote and a patient is
transferred between the two imaging systems via a pa-
tient transfer subsystem.
[0005] US-5,917,882 describes a radiographic/fluoro-
scopic imaging system in which x-ray tubes are used to
provide x-ray doses corresponding to radiographic and
fluoroscopic imaging modes.
[0006] US-5,525,905 describes an object handling
system moveable between various diagnostic imaging
apparatus for imaging thereby. The handling system has
an object handling computer for storing object identifica-
tion data and imaging data. The object identification data
is associated with the diagnostic images produced by
various imaging system for subsequent correlation of the
object with the diagnostic images of the object
[0007] Given the foregoing, new systems for perform-
ing multiple modes of imaging would be desirable.
[0008] In a first aspect, the present invention provides
a system, for providing multiple types of imaging data for
an internal portion of an object the system comprising: a
first imaging system; and a second imaging system con-
figured to provide imaging data for the internal portion of
the object and having a receiving area that allows the
internal portion to be imaged while the object is in the
receiving area; and an object handling system for trans-
ferring the object between the first imaging system and
the second imaging system characterised in that: the first
imaging system is a light imaging system for providing
light data related to light emitted from a light source lo-
cated inside the object and including: an imaging cham-
ber comprising a substantially light tight interior cavity,
and a camera configured to capture light data from light
in the visible to near-infrared part of the spectrum emitted
from the object of between about 103 and about 1010

photons/second/centimeter squared/steradian while the
object is in the interior cavity, and wherein the object han-
dling system can transfer the object between the interior
cavity of the light imaging system and the receiving area
of the second imaging system, and wherein the imaging
chamber or object handling system includes a light seal
that can maintain the interior cavity as substantially light
tight while the object is in the interior cavity.
[0009] In a second aspect the invention provides a
method for obtaining multiple types of imaging data for
an object, the method comprising: obtaining imaging data
of an internal portion of the object while the object is in
a receiving area of a second imaging system; and char-

1 2 



EP 1 643 902 B1

3

5

10

15

20

25

30

35

40

45

50

55

acterised by the further steps of: capturing light data from
light in the visible to near-infrared part of the spectrum
emitted from a light source located inside the object while
the object is in a substantially light tight interior cavity of
a light imaging system, wherein between about 103 to
about 1010 photons/second/centimeter squared/steradi-
an is emitted from the object when the object is being
imaged; and, transferring the object between the interior
cavity of the light imaging system and the receiving area
of the second imaging system using an object handling
system and wherein a seal is created by the object han-
dling system or the interior cavity to maintain the interior
cavity as substantially light tight while the object is in the
interior cavity.
[0010] Light imaging involves the capture of low inten-
sity light from a light-emitting object. The low intensity
light may be emitted from any of a variety of light sources
within the object. For example, the light source may cor-
respond to luciferase expressing cells within a living
specimen such as a mouse. A camera obtains a two-
dimensional spatial distribution of the light emitted from
the surface of the subject. Software operated by a com-
puter in communication with the camera may convert
two-dimensional (2-D) spatial distribution data from one
or more images into a three-dimensional (3-D) spatial
representation.
[0011] The second imaging mode may include any im-
aging technique that compliments light imaging. Exam-
ples include magnetic resonance imaging(MRI), compu-
ter topography (CT), CAT scans; X-rays; ultrasound; nu-
clear medicine imaging such as positron emission tom-
ography (PET), single photon emission computed tom-
ography (SPECT), cardiovascular imaging, and bone
scanning, The second imaging mode may produce spa-
tial information that contributes to a 2-D (pictorial) or 3-
D geometric description of the object-or its internal por-
tions.
[0012] Software operated by a computer in communi-
cation with the light imaging system and the second im-
aging system may operate to analyze and combine the
output provided by each imaging system. For example,
light imaging systems are particularly useful to produce
functional information relating to an activity of interest
within the object. This functional information may be com-
bined with spatial information relating to internal portion
of the object as provided by the second imaging system.
[0013] An object handling system moves an object to
be imaged between the light imaging system and the
second imaging system. The second imaging system
comprises a receiving area that receives the object from
the object handling system.
[0014] The receiving area may also correspond to or
comprise the area in which the object is imaged. For ex-
ample, an MRI system usually comprises a tubular cavity
passing through a magnetic resonance imaging magnet.
The tubular cavity includes the receiving area, and the
handling system moves the object into the tubular cavity
and positions the object for MRI imaging. To accommo-

date the light tight requirements and imaging chamber
used in a low light imaging system, the object handling
system, light imaging chamber, or both, may include spe-
cialized adaptations such as a light seal configured to
maintain the low light levels employed in the imaging
chamber.
[0015] These and other features of the present inven-
tion will be described in more detail below in the detailed
description of the invention and in conjunction with the
following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present invention is illustrated by way of
example, and not by way of limitation, in the figures of
the accompanying drawings and in which like reference
numerals refer to similar elements and in which:

FIG. 1A illustrates a system for providing multiple
modes of imaging data for an internal portion of an
object in accordance with one embodiment of the
present invention.
FIG. 1B illustrates a system for providing light and
magnetic resonance imaging (MRI) imaging data in
accordance with one embodiment of the present in-
vention.
FIG. 2A is a perspective view of an imaging system
adapted to produce a 2-D or 3-D representation of
a light source located inside an object in accordance
with one embodiment of the invention.
FIG. 2B shows a simplified illustration of light imaging
in accordance with one embodiment of the present
invention.
FIGs. 2C and 2D illustrate perspective and side
views, respectively, of an exterior wall opposite a
side mounted camera in accordance with one em-
bodiment of the present invention.
FIG. 3 illustrates a magnetic resonance imaging
(MRI) system in accordance with one embodiment
of the present invention.
FIG. 4 illustrates a block representation of a compu-
ter topography (CT) system in accordance with one
embodiment of the present invention.
FIG. 5 illustrates imaging according to a positron
emission tomography (PET) system in accordance
with one embodiment of the present invention.
FIG. 6A illustrates an object handling system in ac-
cordance with one embodiment of the present inven-
tion.
FIG. 6B illustrates the manipulator of FIG. 6A posi-
tioning a portable stage within an MRI receiving area
in accordance with one embodiment of the present
invention.
FIG. 6C shows a second wall around the perimeter
of a hole, extending outwardly and generally perpen-
dicular to wall in accordance with one embodiment
of the present invention.
FIG. 6D illustrates the manipulator of FIG. 6A posi-
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tioning a portable stage within an interior cavity of
the light-imaging chamber of FIG. 6A in accordance
with one embodiment of the present invention.
FIG. 6E illustrates a light-tight seal in accordance
with another embodiment of the present invention.
FIG. 7 illustrates an exemplary computer system in
accordance with one embodiment of the present in-
vention.
FIG. 8 illustrates a process flow for obtaining multiple
mode representations of an object in accordance
with one embodiment of the present invention.
FIG. 9 illustrates an ultrasound imaging system in
accordance with one embodiment of the present in-
vention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0017] In the following detailed description of the
present invention, numerous specific embodiments are
set forth in order to provide a thorough understanding of
the invention. However, as will be apparent to those
skilled in the art, the present invention may be practiced
without these specific details or by using alternate ele-
ments or processes. In other instances well known proc-
esses, components, and designs have not been de-
scribed in detail so as not to unnecessarily obscure as-
pects of the present invention.

1. Overview

[0018] FIG. 1A illustrates a simplified system 1 for pro-
viding multiple modes of imaging data for an internal por-
tion of an object in accordance with one embodiment of
the present invention. System 1 comprises a light imag-
ing system 10, a second imaging system 8, an object
handling system 6, and at least one processor 2. The
object handling system 6 transfers an object (or sample)
being imaged between an interior cavity of the light im-
aging system and a receiving area of the second imaging
system. While the present invention will now be primarily
described with respect to combining data from two im-
aging systems, system 1 may include more than two sys-
tems and the illustrative embodiment is not meant to limit
the number of systems combined.
[0019] Light imaging using system 10 involves the cap-
ture of low intensity light - often on the order of about 103

to about 1010 photons/second/centimeter squared/stera-
dian - from a light-emitting object. The low intensity light
may be emitted from any of a variety of light sources
within the object. For example, the light source may cor-
respond to luciferase expressing cells within a living
specimen such as a mouse. The light source indicates
portions of the sample, such as traced molecules in a
particular portion of a living specimen, where an activity
of interest may be taking place.
[0020] Light imaging system 10 employs a camera to
obtain a two-dimensional (2-D) spatial distribution of light

emitted from the surface of an object. To provide details
of the light source inside an object (rather than a surface
emission), processor 2 operates on stored instructions
to construct a three-dimensional (3-D) representation of
a light source located inside a sample. This involves con-
verting surface light emission data into light data internal
to the sample surface. Parameters for an internal 3-D
light source representation may include details related
to the source emission strength, 3-D position and geom-
etry.
[0021] The second imaging system 8 employs any one
of a variety of imaging modes. Exemplary imaging sys-
tems include: magnetic resonance imaging (MRI) sys-
tems; computer tomography (CT) systems; CAT scan
systems; X-ray systems; ultrasound systems; nuclear
medicine imaging systems such as positron emission to-
mography (PET) systems, single photon emission com-
puted tomography (SPECT) systems, cardiovascular im-
aging systems, and bone scanning systems.
[0022] Light imaging system 10 and the second imag-
ing system 8 may produce spatial and/or functional in-
formation. Spatial information refers to information that
contributes to a 2-D (pictorial) or 3-D geometric descrip-
tion of the object or its internal portions. A spatial repre-
sentation provides a user with a 2-D or 3-D pictorial ref-
erence of the specimen. A 3-D geometric description typ-
ically comprises a reconstruction manufactured by
processing data from multiple 2-D images. Functional
information refers to information that contributes an item
or activity of interest within the object. In one imaging
embodiment, light imaging system 10 produces a 2-D or
3-D representation of a bioluminescent light source in-
side a mouse. The bioluminescent source may corre-
spond to a wide variety of physiological issues being
tracked or tested within the mouse, such as progress
tracking of a particular cancer within a mouse. Some im-
aging applications include analysis of one or more rep-
resentations of light emissions from internal portions of
a specimen superimposed on a spatial representation of
the specimen. The luminescence representation indi-
cates portions of a specimen where an activity of interest
may be taking place. Some imaging systems 8 or 10 pro-
duce both spatial and functional information. Light imag-
ing system 10 for example is well-suited to generate both
structural and functional information. Nuclear medicine
uses radioactive substances to image a body and treat
disease, and may provide information useful to both the
physiology (functioning) and anatomy (spatial) of the obj
ect in establishing diagnosis and treatment.
[0023] At least one processor 2 is in logical communi-
cation with the light imaging system 10, in logical com-
munication with the second imaging system 8, and in
logical communication with the object handling system
6. Communication includes sending data to each system
6, 8 and 10 for purposes such as control of system com-
ponents, position and motion control, regulation of image
capture, etc. Communication also includes receiving da-
ta from system 6, 8 and 10 components for purposes
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such as image data acquisition, component control feed-
back, calibration, etc. Processor 2 cooperates with stored
software and converts imaging sensor data provided by
each of the imaging systems, such as camera output
from light imaging system 10, into a form useful to a sys-
tem user.
[0024] Processor 2 may combine data produced by
light imaging system 10 and the second imaging system
8. One application of instructions implemented by proc-
essor 2 reconstructs a bioluminescent or fluorescent light
source inside a living animal subject using one or more
images of surface light emissions. This provides func-
tional information useful in oncology, infectious disease
research, gene expression research, and toxicology, for
example. Light imaging according to the present inven-
tion is suitable for use with objects having a complex
surface, such as an animal subject (e.g. a mouse or rat).
As the term is used herein, a complex surface is any
surface that cannot be described solely using a single
polygonal description. The light reconstruction tech-
niques employed herein also place no restrictions on the
source distribution, such as the number of light sources
in the object or the sizes and shapes of the sources, and
no restrictions on the geometry, size or shape of the sur-
face. And as will be described below, processor 2 may
also combine spatial data from system 8 with light imag-
ing data from system 10.

2. Light Imaging System

[0025] FIG. 2A illustrates an imaging system 10 adapt-
ed to produce a 2-D or 3-D representation of a light source
located inside a sample in accordance with one embod-
iment of the present invention. Imaging system 10 may
be used for a variety of imaging tasks including the cap-
ture of photographic, luminescent and structured light im-
ages. A computer 28 and its inclusive processor 2 work-
ing with imaging system 10 may perform processing and
imaging tasks such as obtaining, analyzing and manip-
ulating 2-D or 3-D light source representations.
[0026] FIG. 2B illustrates a mammalian object 302 be-
ing imaged by camera 20 and light imaging system 10.
The nature of mammalian tissue and many other turbid
media causes photon scattering 307 for light traveling
from a light source 305 within the object to the object
surface 309, resulting in diffuse images on surface 309.
Camera 20 captures a representation of light emitted
from object 302 at surface 109. Using photon diffusion
models and imaging data, a processor 2 in computer 28
operating on stored instructions may produce a 3-D rep-
resentation for the location, size, and brightness of light
source 305 from one or more surface 309 images.
[0027] Surface light emission data refers to information
pertaining to light escaping an object interior. The light
typically escapes from the object volume just below the
surface. The light source may include luminescence from
luciferase-expressing cells, fluorescence from fluoresc-
ing molecules, and the like. The object 302 generally re-

fers to various mammalian subjects including mice and
rats containing luciferase expressing cells or fluorescent
reporters. In one application, sample 302 is a biological
specimen containing light producing cells. The resulting
luminescence image may therefore be captured without
using any light sources other than the sample itself. Lu-
minescence from sample 302 is recorded as a function
of position to produce the luminescence image. One ap-
proach to generating such composite photographic/lumi-
nescence images is described in U.S. Patent No.
5,650,135 issued to Contag et al. on July 22, 1997. Com-
monly owned U.S. Patent No. 5,650,135 includes addi-
tional examples of analysis applications for a digital over-
lay image.
[0028] Referring to FIG. 2A, system 10 images and
processes low intensity light sources using a light sensi-
tive camera 20. Light from the light source refers to pho-
tons and electromagnetic energy anywhere in the visible
to near-infrared (NIR) part of the spectrum in the wave-
length range of 400-950 nm. It is understood that some
intensities imaged and processed in system 10 are not
readily detectable by human vision. For example, low
intensity light emitted from a sample may have a surface
radiance between about 103 to about 1010 photons/sec-
ond/centimeter squared/steradian. The lower end of this
range is typically well below human detection levels.
[0029] In the illustrated embodiment, imaging system
10 includes an imaging chamber 12 adapted to receive
a light-emitting sample in which low intensity light, e.g.,
luciferase-based luminescence, is to be detected. A high
sensitivity camera 20, such as an intensified or a charge-
coupled device (CCD) camera, couples with the imaging
chamber 12. Camera 20 is capable of capturing lumines-
cent, photographic (i.e., reflection based images) and
structured light images of sample 302 within imaging
chamber 12. A refrigeration device 22 cycles a cryogenic
fluid to cool camera 20 via conduits 24.
[0030] An image processing unit 26 optionally interfac-
es between camera 20 and a computer 28 through cables
30 and 32, respectively. Computer 28, which may be of
any suitable type, typically comprises a main unit 36 that
contains hardware including a processor, memory com-
ponents such as random-access memory (RAM) and
read-only memory (ROM), and disk drive components
(e.g., hard drive, CD, floppy drive, etc.). Computer 28
also includes a display 38 and input devices such as a
keyboard 40 and mouse 42. Computer 28 is in commu-
nication with various components in the imaging chamber
12 via cable 34. In another embodiment, computer 28 is
integrated with the imaging equipment in a single unit.
[0031] To provide control and communication for com-
ponents in system 10, computer 28 is implemented with
hardware and software for controlling and monitoring im-
aging components in system 10. Components controlled
by the computer 28 may include camera 20, the motors
responsible for camera 20 focus, the camera lens, f-stop,
one or more motors coupled to a moveable stage (not
shown) included in chamber 12, etc. Computer 28 also
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communicates with a display 38 for presenting imaging
information to the user and also acts an interface to con-
trol the imaging system 10.
[0032] Computer 28 includes suitable processing
hardware and software for image processing and data
manipulation as described herein. For example, compu-
ter 28 may be configured with software to build a 3-D
representation of a light source using light emission
measurements from the surface of a sample. In addition,
computer 28 may be configured to produce 3-D surface
topography using 2-D structured light images taken from
one or more positions of the stage in the interior cavity
of chamber 12.
[0033] In one embodiment, 3-D light reconstruction
techniques require bioluminescent surface radiance and
surface topography measurements over the entire sam-
ple surface. In this case, imaging system 10 includes
instructions and mechanisms for image capture of the
object surface from multiple views and positions. Data
from these multiple positions is then used to build a 3-D
representation of the object. System 10 may image in 3-
D according to the following scheme: 1) camera 20 re-
mains fixed (when the various cables and supply lines
for cooling the camera are too cumbersome to move dur-
ing imaging); 2) the sample remains horizontal during
imaging; 3) the imaging system obtains images of the
objects from multiple views and positions; and 4) com-
puter 28 builds a 3-D surface topography of the object
using the multiple images according to reconstruction in-
structions stored in software.
[0034] The object or animal subject is typically loaded
into imaging chamber 12 for image capture. Imaging
chamber 12 provides multiple options to load an object
into interior cavity 44. FIG. 2C illustrates a top perspective
view of imaging chamber 12 in accordance with one em-
bodiment of the present invention. Door 18 allows a user
to manually open and close the door and place the object
within interior cavity 44.
[0035] FIG. 2D illustrates components that permit au-
tomated positioning of a stage 609 in an interior cavity
44 of chamber 12 in accordance with one embodiment
of the present invention. Enclosure wall 103a lies oppo-
site a sidewall that receives camera 20. A moveable in-
terface 90 on wall 103a allows the automated object han-
dling system 6 to insert a stage 609 into chamber 12
through a hole 91 - and move the stage within chamber
12. Moveable interface 90 comprises wall 103a, wall 92,
circular bearing 93, circular bearing 94, and an inner col-
lar 95. Inner collar 95 defines the shape and size of hole
91 through which a portable stage 609 is received. When
not in use, a cap (not shown) may cover hole 91 and seal
any light from entering interior cavity 44. Circular bearing
93 is disposed between imaging chamber wall 103a and
wall 92 and permits rotation between the exterior fixed
wall 103 and moveable wall 92. Circular bearing 93 per-
mits rotation between the wall 92 and inner collar 95.
Cumulatively, bearings 93 and 94 allow hole 91 to trace
a circular orbit about a center datum 102. Datum 102

represents a fixed point relative to the motion of stage
609 and a common point for imaging the sample. Bear-
ings 93 and 94 also allow inner collar 95 and stage 609
to maintain a constant angle relative to exterior wall 103
while it orbits datum 102. In one embodiment, stage 609
remains horizontal while orbiting datum 102. Bearings
93 and 94 also allow stage 609 to maintain a constant
angle relative to the base of a robotic manipulator 502
interfacing with the inner collar 95.
[0036] In one embodiment, object handling system 6
is configured to move a portable stage 609 within interior
cavity 44. As shown in FIG. 1B, object handling system
6 comprises a track 504 and manipulator 502 for moving
stage 609. Track 504 transports stage 609 to the vicinity
of imaging system 10 and allows large movement for the
object handling system 6 over large distances, such as
between rooms. This finds use when imaging system 8
is an MRI system that prefers minimal ferrous metal near-
by or in a room containing the MRI system. Manipulator
502 positions and aligns stage 609 in each system 8 and
10. Thus, manipulator 502 inserts stage 609 into hole 91
and also positions stage 609 relative to a tubular receiv-
ing area for the MRI imaging system 8. More specifically,
manipulator 502 establishes the appropriate vertical and
horizontal positioning between stage 609 and hole 91
and inserts stage 609 into chamber 12 via hole 91 for
light imaging system 10.
[0037] Once inside chamber 12, the present invention
contemplates multiple ways to position and move stage
609 within cavity 44. In one embodiment, bearings 93
and 94 are passive and the object handling system 6,
e.g., via manipulator 502, moves stage 609 within interior
cavity 44 relative to datum 102. In this case, a processor
within computer 28 of FIG. 2B employs position control
software to convert user input of a desired location for
stage 609 to motor positions for motors included in ma-
nipulator 502. In another embodiment as illustrated in
FIG. 2D, a motor 95a and sensor 96a are coupled to
bearing 93 to control rotation of wall 92 relative to exterior
wall 103, while a motor 95b and sensor 96b are coupled
to bearing 94 to control rotation of inner collar 95 relative
to wall 92. In this case, manipulator 502 remains passive
while motors 95 control the orbital position of stage about
fixed datum 102.
[0038] Moveable stage 609 allows a light image of the
object, or portions thereof, to be captured by camera 20
from different views, angles, and positions within imaging
chamber 12 - without repositioning the posture of the
object 302. Imaging a sample from multiple views pro-
vides additional information that helps build a 3-D internal
light source representation. The additional information
may be used to constrain 3-D reconstruction models
stored in software on computer 28, thereby providing a
more accurate 3-D representation of the object.
[0039] Manipulator 502 positions stage 609 in cavity
44. A variety of commercially available robotic manipu-
lators 502 offer an end-effector positioning schemes suit-
able for positioning stage 609. One common scheme em-
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ploys circular roll, pitch and yaw joints that allow upstream
joints in the manipulator to achieve redundant positioning
of stage 609. One or more upstream joints in manipulator
502 may be configured to move stage 609 in and out of
chamber 12. A seal between chamber 12 and manipu-
lator 502 effectively seals light from the exterior room
from entering into chamber 12 when stage 609 is within
chamber 12 (FIG. 6C).
[0040] Manipulator 502 may alternatively comprise lin-
ear actuators oriented substantially perpendicular to one
another and attached to an upstream arm 506 of manip-
ulator 502. Each linear actuator linearly positions stage
609 in an orthogonal direction. For instance, a first linear
actuator provides vertical positioning for stage 609 while
a second linear actuator provides horizontal positioning
for the stage. The first linear actuator 206 has a relatively
stationary portion attached to an upstream arm or base
in manipulator 502 and a portion capable of vertical linear
translation. The second linear actuator 208 may have a
relatively stationary portion attached to the first linear ac-
tuator and a portion capable of horizontal linear transla-
tion. A third linear actuator may also be used to translate
stage 609 parallel to the ground and to move stage in
and out of chamber 12 through hole 91. An example of
one such linear actuator suitable for use in manipulator
502 is a LC-33 produced by Thomson Industries of Port
Washington, New York.
[0041] System 1 includes closed loop position control
for stage 609 within interior cavity 44. More specifically,
a user, via computer 28, inputs one or more positions for
stage 609 along a substantially circular path about fixed
datum 102. Alternatively, the user may provide a viewing
angle for stage 609 relative to a fixed datum 102. Soft-
ware included in computer 28 then converts the viewing
angle into control signals for moving stage 609 from its
current position to the desired position. Motors included
in each of the actuators for manipulator 502 receive the
control signals provided by computer 28 and position
stage 609 accordingly. Manipulator 502 and each joint
in manipulator 502 may include a position sensor in log-
ical communication with a processor computer 28 to fa-
cilitate position feedback and control of stage 609.
[0042] Light imaging systems 10 suitable for use with
the present invention are available from Xenogen Cor-
poration of Alameda, CA. Several light imaging systems
suitable for use with the present invention are described
in commonly owned pending U.S. Patent Application
number 09/905,668 entitled "Multi-View Imaging Appa-
ratus", listing D. Nilson et al. as inventors and filed on
July 13, 2001. 3-D imaging systems suitable for use with
the present invention are further described in commonly
owned pending U.S. Patent Application number
10/606,976 entitled "Method and Apparatus for 3-D Im-
aging of Internal Light Source", listing D. Stearns et al.
and filed on June 25, 2003.

3. Secondary Imaging Systems

[0043] In one embodiment, the second imaging sys-
tem is a magnetic resonance imaging (MRI) system. FIG.
3 illustrates a magnetic resonance imaging (MRI) system
300 in accordance with one embodiment of the present
invention. MRI system 300 typically comprises an MRI
machine 301 and at least one processor (such as a proc-
essor included in computer 28 from FIG. 2A) in digital
communication with the electronic components of MRI
system 300. MRI machine 301 may vary in size, shape,
and configuration, and some models include openness
at the cylindrical sides. As shown, MRI machine 301 in-
cludes a horizontal tubular cavity 303 passing through a
magnet 304. In this case, cavity 303 runs through magnet
304 from a front face 307 of MRI machine 301 to the back
face 309. Tubular cavity 303 is also commonly referred
to as the bore of magnet 304. An object 308 to be imaged
rests on a stage 310 that is moved into tubular cavity
303. Object handling system 6 positions stage 310 and
object 308 in tubular cavity 303. The type of exam being
performed determines whether a mammalian sample
308 goes in head first or feet first, as well as how far into
the magnet 304 they are positioned. Once the sample
portion to be scanned is in the center or isocenter of the
magnetic field for magnet 304, MRI scanning can begin.
[0044] MRI machine 301 may employ a magnet 304
from about 0.5-tesla to about 60.0-tesla, or about 5,000
to about 600,000 gauss. Using radio wave pulses of en-
ergy produced by magnet 304, MRI machine 301 scans
the object and portions inside by proceeding through the
sample’s body point by point, building up a 2-D or 3-D
map of tissue types currently being scanned. A processor
2 in electrical communication with machine 301 receives
the magnetic output and operates on stored software in-
structions to integrate the scanned information and cre-
ate 2-D images or 3-D models.
[0045] MRI system 300 provides a high level of spatial
information relative to other imaging modalities. A 3-D
model produced by MRI system 300 may be used to as-
sist 3-D light reconstruction, e.g., to produce a surface
representation useful for converting surface light emis-
sion data to light representations internal to object 308.
A processor may also combine 2-D or 3-D spatial infor-
mation provided by MRI system 300 with 3-D functional
information provided by light imaging system 10. Coupled
with the ability to track a biological entity of interest using
the bioluminescence techniques described above, MRI
system 300 and light imaging system 10 allow research-
ers to map progression of a biological entity through a
particular internal portion of a sample 308 with previously
unachievable fidelity and salience. In one application,
spatial information from MRI system 300 is used to po-
sition 3-D light data relative to a specific anatomical struc-
ture of subject 308. For example, the physical size of a
tumor within a mammalian sample 308 may be obtained
from MRI system 300 and used to more accurately re-
construct 3-D light emission from the tumor provided by
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light imaging system 10.
[0046] Depending on the magnetic field strength used
in MRI system 300, there may be ferrous metallic limita-
tions associated with MRI system usage. In this case,
stage 310 may be devoid of any ferrous metallic parts.
In addition, magnet 304 - such as a resistive based mag-
net that includes on/off control- may be shut off during
sample transfer. One MRI system suitable for use with
the present invention is the Bruker BioSpec available
from Bruker BioSpin of Billerica, MA.
[0047] In another embodiment, the second imaging
system 8 is a computer tomography imaging (CT) sys-
tem. Similar to MRI machine 300, a CT system offers a
high level of spatial information, which may be combined
with functional information collected by light imaging sys-
tem 10.
[0048] FIG. 4 illustrates a block representation of a
computer topography (CT) system 600 in accordance
with one embodiment of the present invention. CT system
600 comprises an X-ray CCD camera 602, an object han-
dling system 604, an array of microfocus X-ray tubes
606, and processor 608. Object handling system 604 po-
sitions an object 610 resting on a portable stage 609 in
a receiving area such that X-rays emitted from CCD cam-
era 602 pass through the object 610. The X-rays are then
received by the microfocus X-ray tube array 606. Proc-
essor 608 digitally communicates with each of these de-
vices and runs instructions from stored software to con-
trol X-ray emission from CCD camera 602, position sam-
ple 610, and to process data collected by the microfocus
X-ray tube array 606.
[0049] CT system 600 yields a series of X-ray-based
cross-sectional images of solid objects. X-ray intensity
profile measurements are typically processed using re-
construction algorithms that produce an image repre-
senting a two-dimensional slice, or plane, through the
material or portion scanned with X-rays. Each point of
the slice corresponds to the material density. Processor
608 reconstructs a high-resolution image and details in
the order of 1-10 Pm can be detected with microfocus
computer tomography and industrial microCT scanners,
yielding volume element resolutions in the micrometer
range. CT scanning is particularly useful to reveal internal
anatomical features and portions of living and non-living
samples.
[0050] CT system 600 also permits acquisition of 3-D
volume and/or topology data. Consecutive cross-sec-
tional images can be stacked to form a 3-D image of a
portion of sample 610. Scanning the entire sample 610
permits a full volumetric image to be built. From the 3-D
image data, instructions in software can be employed to
find part boundaries and create computer models and
representations of the entire sample 610 or particular por-
tions of interest. One CT system suitable for use with the
present invention is the MicroCAT as developed by re-
searchers at Oak Ridge National Lab managed for the
U.S. Department of Energy by UT-Battelle, LLC.
[0051] Similar to MRI system 300, CT system 600 pro-

vides a high resolution spatial information that compli-
ments functional information produced by light imaging
system 10. A 3-D model produced by CT system 600
may be used to assist 3-D light reconstruction, e.g., to
produce surface or internal representations useful for
converting surface light emission data to detailed light
representations external or internal to the object. A proc-
essor may combine 2-D or 3-D spatial information pro-
vided by CT system 600 with 2-D or 3-D functional infor-
mation provided by light imaging system 10. This ability
for CT system 600 to produce high-resolution spatial in-
formation for an internal portion of sample 610 is useful
to reconstruct high detail bioluminescent or fluorescent
light sources, or a source distribution, inside a living an-
imal subject. For example, three-dimensional light data
internal to a mouse 610 may be matched with 3-D struc-
tural information generated by CT system 600 to produce
a detailed picture of biological activity of an internal organ.
This combination of spatial and functional information
finds use in oncology, infectious disease research, gene
expression research, and toxicology, for both snapshot
imaging and progression tracking.
[0052] Nuclear medicine imaging systems 8 give re-
searchers and imaging practitioners another imaging
mode to look inside an object such as a mammalian body.
Nuclear imaging systems employ radioactive substances
that emit radioactive particles having known properties,
and one or more sensors that detect the radioactive sub-
stances and their emissions. Conventional nuclear med-
icine imaging systems include: positron emission tomog-
raphy (PET) systems, single photon emission computed
tomography (SPECT) systems, cardiovascular imaging
systems, and bone scanning systems. These systems
use different properties of radioactive elements to create
an image. Nuclear medicine imaging is useful for detect-
ing tumors, aneurysms, irregular or inadequate blood
flow to various tissues, blood cell disorders, and inade-
quate functioning of organs, such as thyroid and pulmo-
nary function deficiencies. Any of these nuclear medicine
imaging systems offer an alternative imaging system 8
that compliments the spatial and/or functional informa-
tion produced by light imaging system 10. For example,
both light imaging and nuclear medicine imaging may
detect tumors in oncology applications.
[0053] FIG. 5 illustrates imaging according to a PET
system in accordance with one embodiment of the
present invention. A PET system produces images of an
object, or a portion thereof, by detecting radiation emitted
from radioactive substances within the object. These
substances are injected into the object, and are usually
tagged with a radioactive atom, such as Carbon-11, Flu-
orine-18, Oxygen-15, or Nitrogen-13, that has a short
decay time. In a PET scan, the object is injected with a
radioactive substance and placed on a flat stage 402 that
moves in increments through a tubular receiving area
405 of a "donut" shaped housing 404. Housing 404 con-
tains a circular gamma ray detector array 406 that in-
cludes a set of scintillation crystals, each associated with
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a photomultiplier tube 408. The crystals convert gamma
rays 409, emitted from inside the object 410, to photons
of light. Photomultiplier tubes 408 convert and amplify
the photons to electrical signals. These electrical signals
are then processed by a processor in digital communi-
cation with the photomultiplier tubes that is configured to
generate images based on the electrical signals from
photomultiplier tubes 408. Stage 402 is then moved
through the tubular receiving area 405 and the process
is repeated, resulting in a series of thin slice images of
object 410 over an internal portion of interest (e.g. a brain,
chest, liver). The processor assembles these thin slice
images into a three-dimensional representation of the
internal portion. PET is particularly useful for providing
images of blood flow and other biochemical functions,
depending upon the type of molecule that is radioactively
tagged. For example, PET images can show glucose me-
tabolism or rapid changes in activity in various areas of
a body.
[0054] Single Photon Emission Computed Tomogra-
phy (SPECT) is a technique similar to PET, but the radi-
oactive substances used in SPECT (Xenon-133, Tech-
netium-99, Iodine-123) have longer decay times than
those used in PET, and emit single instead of double
gamma rays. A SPECT system is well suited to provide
information about blood flow and the distribution of radi-
oactive substances in the body. Its images have less sen-
sitivity and are less detailed than PET images, but a
SPECT system is less expensive than a PET system.
Since light imaging system 10 is relatively inexpensive,
a combined SPECT system 8 and light imaging system
10 offers a low cost multi-mode imaging alternative.
[0055] In another embodiment, the second imaging
system 8 comprises an ultrasound imaging system. FIG.
9 illustrates an ultrasound imaging system 800 in accord-
ance with one embodiment of the present invention. Ul-
trasound system 800 comprises a probe 802, processor
804, probe control 806, memory 808 and display 810.
[0056] Ultrasound system 800 transmits high-frequen-
cy (e.g., 1 to 5 megahertz) sound pulses in sample 610
using probe 802. Probe 802 generates sound waves that
travel through sample 610 and hit a boundary between
tissues (e.g. between fluid and soft tissue, soft tissue and
bone). Some sound waves reflect back to probe 802,
while others travel further until they reach another bound-
ary and get reflected. Probe 802 detects the reflected
waves and relays a corresponding signal to processor
804. The shape of probe 802 determines its field of view,
while the frequency of emitted sound waves typically de-
termine how deep the sound waves penetrate and the
resolution of image data. In one embodiment, probe 802
generates and receives sound waves using piezoelectric
effects. For example, probe 802 may contain one or more
crystal elements, and in multiple-element probes, each
crystal may include its own circuit. Multiple-element
probes 802 allow an ultrasonic beam to be "steered" by
changing the timing in which each element is pulsed. In
addition to probes 802 that can be moved across the

surface of sample 610, some probes 802 permit insertion
through an opening of sample 610 (e.g., rectum, esopha-
gus) to get closer to an organ being examined (e.g., pros-
tate gland, stomach).
[0057] Processor 804 sends electrical currents to
probe 802 that determine sound wave emissions, and
receives electrical pulses from probe 802 that were cre-
ated using the returning echoes. Processor 804 calcu-
lates the distance from probe 802 to the reflecting surface
or boundaries (e.g., a tissue or organ) using the speed
of sound in tissue (5,005 ft/s or1,540 m/s) and the time
of the each echo’s return (usually on the order of mil-
lionths of a second). Processor 804 may then display the
distances and intensities of echoes on display 810, form-
ing a two dimensional image. Processor 804 may also
be included in a computer system that contains electrical
power supplies for probe 802, including any amplifiers
and signal processing electronics. Processor 804 may
also store the processed data and/or image in memory
808.
[0058] Probe controls 806 change the amplitude, fre-
quency and duration of the sonic pulses emitted from
transducer probe 802. Probe controls 806 also allow an
operator to set and change the frequency and duration
of ultrasound pulses, as well as a scan mode for system
800. Display 810 outputs an image from the ultrasound
data provided by processor 804. Memory 808 may in-
clude a disk storage device (hard, floppy, CD) that stores
the acquired images and instructions for system 800 data
acquisition and 2-D or 3-D image reconstruction.
[0059] Ultrasound system 800 may produce 3-D spa-
tial information. In this case, several 2-D images are ac-
quired by moving probe 802 across a surface of sample
609 or rotating an inserted probe. The two-dimensional
data is then combined by software stored in memory 808
to form a 3-D image. Some ultrasound imaging systems
800 offer 2-D or 3-D spatial image resolution of anatom-
ical and physiological structures down to 30 microns. In
addition, a user may view and analyze multiple arbitrary
planes and perform volume measurements, such as de-
termining a tumor volume. Ultrasound systems suitable
for use with the present invention may include the Vevo
660 as provided by VisualSonics of Toronto, Canada.
Ultrasound systems 800 are also relatively inexpensive;
a combined ultrasound imaging system 800 and light im-
aging system 10 thus offers a low cost multi-mode imag-
ing alternative.

4. Object Handling System

[0060] An object handling system moves the object to
be imaged between the light imaging system 10 and sec-
ond imaging system 8. FIG. 6A illustrates an object han-
dling system 700 in accordance with one embodiment of
the present invention. Object handling system 700 trans-
fers an object 701 between an interior cavity 720 of light
imaging system 702 and a receiving area 704 of a second
imaging system 706.
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[0061] Object handling system 700 comprises manip-
ulator 708 and a portable stage 710 detachably coupled
to manipulator 708. Manipulator 708 positions portable
stage 710 near light imaging system 702 and the second
imaging system 706, and may also provide precise po-
sitioning and orientation of portable stage 710 within the
imaging or receiving areas of each system. As described
above, each imaging system 8 comprises a receiving ar-
ea that receives object 701, which may also correspond
to or comprise the area in which the object is imaged,
such as the tubular cavity 303 of an MRI machine. In this
case, handling system 700 positions object 701 into the
tubular cavity 303 and sets position of stage 710 and
object 701 for MRI imaging. Manipulator 708 may include
any number of arms and joints suitable for movement,
positioning and orientation of portable stage 710 between
or within the two imaging systems. For example, several
commercial robotic manufacturers provide 5-and 6-de-
gree of freedom manipulators suitable for payload
weights ranging from about 1 kg to about 20 kg. One
robotic manipulator suitable for use with object handling
system 700 is the Denso Model VM available from Bruker
BioSpin of Billerica, MA.
[0062] When the second imaging system 706 is an MRI
imaging system disposed in a second room for magnetic
purposes, manipulator 708 may also include track 714
to allow for gross movement between rooms. An auto-
mated track interface 716 travels along track 714 and
attaches to the bottom of base arm 718 of manipulator
708. Track interface 716: a) allows manipulator 708 to
move large distances such as those used between
rooms; and b) provides a stationary reference for the first
rotary joint of base arm 718 (or any other first or base
link in a robot). Computer control via one or more proc-
essors, such as those described above, may be used to
move and position manipulator 708 and the automated
track interface 716. Collectively, manipulator 708 and
track 714 provide both large gross motion over a long
distance and the ability to precisely position and orient
portable stage 710.
[0063] Object handling system 700 may also be re-
sponsible for precise positioning of object 701 within the
interior cavity of imaging chamber 712 or another imaging
system. FIG. 6B illustrates the manipulator of FIG. 6A
positioning the portable stage within an MRI receiving
area in accordance with one embodiment of the present
invention. In this case, manipulator 708 positions and
orients portable stage 710 along a central axis of the
cylindrical central cavity of MRI imaging system 706.
[0064] Portable stage 710, which is detachably cou-
pled to the last arm or link of manipulator 708, supports
object 701 during positioning by manipulator 708. Stage
710 refers generally to any flat surface or portable table
suitable to support obj ect 701. In one embodiment, the
same stage 710 supports object 701 in each imaging
system and during transfer between the imaging sys-
tems. Portable stage 710 may comprise a specialized
robotic end effector designed for multiple imaging system

usage. Object 701 rests on portable stage 710 and is
positioned by object handling system 700 - without sub-
stantially moving between imaging systems. According-
ly, object handling system 700 may insert and position
stage 710 in interior cavity 720 of imaging chamber 712,
remove stage 710 from the interior cavity 720, transfer
stage 710 to receiving area 704 of second imaging cham-
ber 706, and position stage 710 within receiving area 704
- all without disturbing object 701. This is particularly ad-
vantageous for maintaining the positional accuracy pro-
vided by each imaging system or maintain an anesthesia
state for a mammalian sample 701. A stage 710 com-
prising a substantially transparent mesh table or wire ar-
ray (such as fishing line) supported by a non-metallic
perimeter is suitable not to affect imaging in MRI system
300. In addition, the stage 710 or light imaging system 10.
[0065] To facilitate positional accuracy and object ref-
erencing between the two imaging systems, portable
stage 710 comprises a light reference having a position
detectable by the light imaging system 10 and a second-
ary reference having a position detectable by a second
imaging system 8. Fixturing pegs and other fiducial tools
are suitable to provide spatial referencing information.
The pegs and tools may be marked with items that in-
crease detectability for each imaging system. That is, the
marks are configured to be optically detectable and dis-
tinguishable from the object 701 under test. Bull’s eyes,
crosses, bar-codes, known polygonal shapes, etc., hav-
ing a known location on portable stage 710 are suitable
as a positional reference for light imaging system 10. The
secondary reference marking will depend on the type of
second imaging system 8. Led markers may be suitable
in conjunction with an x-ray system, for example. An MRI
imaging system may reference a positioning peg having
a hydrogen source or other distinct material of known
density. In a specific embodiment, the reference position
detectable by the light imaging system 10 and the refer-
ence position detectable by the second imaging system
8 includes the same position on stage 710.
[0066] Object handling system 700 is also well suited
to position object 701 in the interior cavity of the light
imaging system 704. Referring to FIG. 6D, exterior wall
744 of chamber 712 includes a hole 742 that permits
stage 710 access into interior chamber 720. A light im-
aging chamber 702 may be configured such that the in-
terior cavity 720 is substantially light tight from the space
outside imaging chamber 702. To accommodate the light
tight requirements used in a light imaging system, the
object handling system 700, light imaging chamber 702,
or both, may include specialized adaptations such as light
seals and other parts that maintain low light levels em-
ployed in imaging chamber 702. In one embodiment, the
object handling system 700 and imaging chamber 702
comprise a complementary circular light seal configured
to provide a substantially light tight barrier between inte-
rior cavity 720 of imaging chamber 712 and the space
outside chamber 712 while portable stage 710 is within
interior cavity 720. A plug may seal hole 742 when im-
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aging system 10 is not in use. Without the plug, hole 742
enables manipulator 708 access to interior cavity 720.
[0067] FIG. 6C shows a light seal 761 established
when manipulator 708 positions portable stage 710 with-
in interior cavity 720 in accordance with one embodiment
of the present invention. Wall 750 extends around the
perimeter of hole 742, outward from and perpendicular
to wall 744. Wall 750 includes a distal edge portion po-
sitioned substantially adjacent a rear wall 770 on manip-
ulator 708 when manipulator 708 positions portable stage
710 within interior cavity 720.
[0068] Walls 748 and 750 of imaging chamber 712 co-
operate with walls 764 and 766 on manipulator 708 to
form a capture space 774, which extends perimetrically
around the circular perimeter of hole 742. In this case,
the capture space 774 has a rectangular cross-sectional
area where a vertex A formed by box walls 748 and 750
opposes a vertex B formed by door walls 764 and 766.
Walls 766, 764 and 770 on manipulator 708 cooperate
with external surfaces on light imaging box walls 748 and
750 to define a capture space 772.
[0069] A compressible material 762 attaches to wall
764 of manipulator 708 within capture space 772. Com-
pressible material 762 prevents light penetration by light
from the ambient room into interior cavity 720. When ma-
nipulator 708 positions portable stage 710 within interior
cavity 720, compression of material 762 creates a sub-
stantially "light-tight" seal. Compressible material 762
thus minimizes the amount of external light that enters
cavity 720 when manipulator 708 positions portable
stage 710 within interior cavity 720. In one embodiment,
collar wall 770 is adapted to compress the compressible
material 762 substantially along a first side 763a of com-
pressible material 762 and wall 748 is adapted to com-
press compressible material 762 substantially along a
side portion 763b when manipulator 708 positions port-
able stage 710 within interior cavity 720. Compressible
material 762 comprises a non-transparent, preferably
black, and resiliently deformable material.
[0070] Manipulator 708 comprises a front wall 764, a
side wall 766 and a second wall segment 768. A collar
rear wall 770 attaches to an inner surface of collar 764
included manipulator 708 to facilitate light sealing with
the light imaging chamber. In a specific embodiment, ma-
nipulator 708 collar wall 770 has a wall section 771 that
extends perimetrically around hole 742 when manipula-
tor 708 positions portable stage 710 within interior cavity
720. In another embodiment, the wall section 771 ex-
tends toward the body front wall 748 at an orientation
engaging a fourth side portion 763d of the compressible
material 762 between a second side portion 763b thereof
engaged by the body front wall 748 and a first side portion
763a of the compressible material 762 engaged by the
manipulator 708 collar wall 770.
[0071] FIG. 6E illustrates a light-tight seal 61d in ac-
cordance with another embodiment of the present inven-
tion. Light-tight seal 61d includes two compressible ma-
terials, 62d and 62e, retained inside two channels 77a

and 77b, respectively. Channel walls 78 and 79, both of
which extend from manipulator 708, form channel 77a.
Channel 77b is formed by generally parallel channel walls
50a and 50b, both of which extend from the front wall 48
of chamber 12 and substantially perimetrically around
hole 91. In this case, channel wall 79 is received in chan-
nel 77b when manipulator 708 inserts stage 310 in cavity
44. Thus, channel wall 79 engages the second com-
pressible material 62e such that light entering the second
channel 77b from the exterior of the body 14 is intercept-
ed by the second compressible material 62e.
[0072] The materials 62d and 62e fill only a portion of
the channels 77a and 77b respectively. In one embodi-
ment, materials 62d and 62e fill at most about � of the
channel 75 depth as measured from the walls 70 and 48
respectively. In another embodiment, materials 62d and
62e fill at most about � the channel depth. In a specific
embodiment, materials 62d and 62e fill at most about �
the channel depth. Thus, the interengaged walls 50a and
50b and channel walls 78 and 79 substantial overlap,
relative their respective depth, when manipulator 708 in-
serts stage 310 in cavity 44. Any light attempting to pen-
etrate the light barrier requires at least six right angle
turns (including four through the compressible materials
62d and 62e) before it can enter the interior cavity 44
from the ambient room.
[0073] Light-tight seal 61d further includes manipulator
side wall 66 extending outwardly from the manipulator
708 toward the front wall 48 when manipulator 708 inserts
stage 310 in cavity 44. In this case, manipulator side wall
66 is positioned perimetrically outside and generally par-
allel to the channel walls 78 and 79 and the interengaging
front wall 50. Manipulator 708 further includes a second
wall segment 68 extending from side wall 66, and orient-
ed substantially adjacent to the front wall 48 when ma-
nipulator 708 inserts stage 310 in cavity 44. As shown,
the second wall segment 68 extends in the inward direc-
tion toward interengaging front wall 50 and the channel
walls 78 and 79.
[0074] FIG. 6D illustrates manipulator 708 positioning
portable stage 710 within interior cavity 720 of light im-
aging chamber 712. In this case, manipulator 708 moves
portable stage 710, and object 701 resting thereon, in
two dimensions within the interior cavity of the light im-
aging chamber 712. More specifically, manipulator 708
moves portable stage 710 in a circular orbit about a cam-
era or common viewing datum in chamber 712. As the
object may be variably and multiply located within cham-
ber 712, a light transport device 711 transmits light emit-
ted or reflected from the object to a common datum as-
sociated with a side mounted camera 20. In one embod-
iment, the light transport device 711 comprises a mirror
713 that rotates with stage 710 about the common datum
and so as to always face object 701 and reflect light from
the object on stage 710, along the common datum, and
into fixed camera 20. This allows a light image of the
object, or portions thereof, to be captured by a camera
from different views, angles, and positions within imaging
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chamber 12 without repositioning the posture of the ob-
ject 701 on stage 710 or moving camera 20.
[0075] To facilitate such movement, an exterior wall
740 of imaging chamber 710 comprises a) a moveable
interface having a hole 742 that receives portable stage
710 therethrough, b) a first circular bearing 741 disposed
between exterior wall 740 and a wall 742 of the moveable
interface; and c) a second circular bearing 743 that per-
mits rotation between wall 742 and the object handling
system 708. Together, circular bearings 741 and 743 per-
mit opposing free rotation - which eliminates any relative
rotation between stage 710 and chamber 712 - and per-
mits stage 710 to remain horizontal while moving in an
orbital path.
[0076] Portable stage 710 allows imaging to be con-
ducted in multiple imaging systems 8 and 10 without dis-
turbing the object 701. For an animal 701, turning or flip-
ping the animal over to view a ventral side results in a
significant shift in the animal’s internal organ position,
which could affect observation. Imaging in each of the
systems 8 and 10 and transfer between the systems may
require significant time. Obtaining a luminescence rep-
resentation may also involve image capture over an ex-
tended period, such as several minutes. To prevent
movement of a living specimen during imaging, object
handling system 700 may comprise an anesthesia deliv-
ery system that delivers anesthesia gas to outlets in prox-
imity to one or more living specimens. The anesthesia
delivery system is also useful for anesthetizing living
specimens during transfer between imaging systems. An
exemplary anesthesia delivery system and gas delivery
system suitable for use with the present invention are
described in commonly owned co-pending U.S. Patent
No. 10/081,040 (Attorney Docket No. XENOP008), enti-
tled "Multiple Output Anesthesia System" by Richard
George Dalgetty et al. filed on February 20, 2002.
[0077] Imaging techniques described herein are im-
plemented in conjunction with a suitable processor or
computer-based apparatus. Referring to FIG. 7, an ex-
emplary computer system 350 includes a central
processing unit (CPU) 352, read only memory (ROM)
354, random access memory (RAM) 356, expansion
RAM 358, input/output (I/O) circuitry 360, display assem-
bly 362, input device 364, and expansion bus 366. Com-
puter system 350 may also optionally include a mass
storage unit 368 such as a disk drive unit or nonvolatile
memory such as flash memory and a real-time clock 360.
Mass storage unit 368 may include units which utilizes
removable computer readable media, such as floppy
disks, opto-magnetic media, optical media, and the like
for the storage of programs and data.
[0078] CPU 352 is preferably a commercially available
microprocessor such as one of the Intel (including Pen-
tium™) or Motorola family of chips, a reduced instruction
set computer (RISC) chip such as the PowerPC™ mi-
croprocessor available from Motorola, Inc, or any other
suitable processor. CPU 352 is coupled to ROM 354 by
a data bus 372, control bus 374, and address bus 376.

ROM 354 may partially contain the basic operating sys-
tem for the computer system 350. CPU 352 is also con-
nected to RAM 356 by busses 372, 374, and 376 to permit
the use of RAM 356 as scratch pad memory. Expansion
RAM 358 is optionally coupled to RAM 356 for use by
CPU 352. CPU 352 is also coupled to the I/O circuitry
360 by data bus 372, control bus 374, and address bus
376 to permit data transfers with peripheral devices.
[0079] Via suitable I/O inputs, CPU 352 is in logical
communication with light imaging system 10, in logical
communication with the second imaging system 8, and
in logical communication with the object handling system
6. CPU 352 operates on stored instructions to combine
spatial information provided by the second imaging sys-
tem 8 with information provided by the light imaging sys-
tem 10. ROM 354 may store the image processing in-
structions. ROM 354 may also store protocol for control-
ling the object handling system 6 according to positioning
needs of the multimodal imaging system, e.g., store pro-
prietary robotic control commands that dictate robot
movement according to positioning instructions for the
imaging.
[0080] I/O circuitry 360 typically includes a number of
latches, registers and direct memory access (DMA) con-
trollers. The purpose of I/O circuitry 360 is to provide an
interface between CPU 352 and such peripheral devices
as display assembly 362, input device 364, mass storage
368, and/or any other I/O devices in imaging systems 8
and 10. I/O circuitry 360 may also include analog-to-dig-
ital (A/D) converters, digital-to-analog (D/A) converters,
as well as other control circuits for controlling and receiv-
ing feedback data from the I/O devices. Display assembly
362 of computer system 350 is an output device for dis-
playing objects and other visual representations of data.
[0081] The screen for display assembly 362 can be a
device that uses a cathode-ray tube (CRT), liquid crystal
display (LCD), or the like, of the types commercially avail-
able from a variety of manufacturers. Input device 364
can be a keyboard, a mouse, a stylus working in coop-
eration with a position-sensing display, or the like. Alter-
natively, input device 364 can be an embedded RF dig-
itizer activated by an "active" RF stylus. As a further al-
ternative, input device 364 may be any type of switch
capable of communicating a test subject’s response to
computer system 350. Therefore, as used herein, the
term input device will refer to any mechanism or device
for entering data and/or pointing to a particular location
on a screen of a computer display. One or more input
devices may be provided to control computer 350 and/or
to receive responses from the test subject. The afore-
mentioned input devices are available from a variety of
vendors and are well known in the art.
[0082] Some type of mass storage 368 is generally
considered desirable. However, mass storage 368 can
be eliminated by providing a sufficient amount of RAM
356 and expansion RAM 358 to store user application
programs and data. In that case, RAMs 356 and 358 can
optionally be provided with a backup battery to prevent
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the loss of data even when computer system 350 is
turned off. However, it is generally desirable to have
some type of long term mass storage 368 such as a com-
mercially available hard disk drive, nonvolatile memory
such as flash memory, battery backed RAM, PC-data
cards, or the like.
[0083] Regardless of computer system 350 configura-
tion, it may employ one or more memories or memory
modules configured to store program instructions for ro-
botic control, obtaining a three-dimensional representa-
tion of a light source, and other imaging functions of the
present invention described herein. Such memory or
memories may also be configured to store data struc-
tures, imaging data, or other specific non-program infor-
mation described herein. It should be borne in mind that
although computer system 350 is discussed in some de-
tail herein to facilitate discussion, the invention may be
practiced using a variety of suitable computer-imple-
mented techniques. In general, any suitable computer
system may be employed for obtaining a three-dimen-
sional representation of a light source located inside a
sample.
[0084] Because information and program instructions
may be employed to implement the systems/methods
described herein, the present invention relates to ma-
chine-readable media that include program instructions,
state information, etc. for performing various operations
described herein. Examples of machine-readable media
include, but are not limited to, magnetic media such as
hard disks, floppy disks, and magnetic tape; optical me-
dia such as CD-ROM disks; magneto-optical media such
as floptical disks; and hardware devices that are specially
configured to store and perform program instructions,
such as read-only memory devices (ROM) and random
access memory (RAM). Examples of program instruc-
tions include both machine code, such as produced by
a compiler, and files containing higher level code that
may be executed by the computer using an interpreter.
[0085] FIG. 8 illustrates a process flow 900 for obtain-
ing multiple types of imaging data for an object in accord-
ance with one embodiment of the present invention.
Processes in accordance with the present invention may
include up to several additional steps not described or
illustrated herein in order not to obscure the present in-
vention.
[0086] Process flow 900 begins by capturing light data
emitted from a light source located inside the object while
the object is in the interior cavity of a light imaging system
(902). For imaging system 10, the surface light emission
data is contained in images captured by camera 20. The
images include a set of measurements of the light emis-
sion over one or more portions of the surface. In one
embodiment, multiple images of the sample are obtained
from multiple views of the sample relative to a camera.
In this case, each image provides a different two-dimen-
sional view of the surface light emission from the sample.
Multiple images may be taken to provide additional data
from multiple angles.

[0087] Process flow 900 then continues by obtaining
imaging data of an internal portion of the object while the
object is in a receiving area of a second imaging system
(904). When the second imaging system is a magnetic
resonance imaging system, obtaining imaging data com-
prises receiving the imaging data using a magnetic res-
onance imaging magnet. For a computer tomography im-
aging system, obtaining imaging data generally compris-
es receiving the imaging data using an array of X-ray
sensors that detect X-rays emitted from the object.
[0088] It is understood that light imaging or the imaging
in the second imaging system occurs in no set order.
Regardless of which imaging system is used first, the
object is transferred between the interior cavity of the
light imaging system and the receiving area of the second
imaging system (906). In one embodiment, the transfer
occurs without substantially moving the object on the
portable stage that the object rests upon. Transfer may
also comprise sealing the light imaging chamber, while
the portable stage is within the interior cavity of the light
imaging chamber, using a light seal included in the object
handling system.
[0089] Process flow 900 may also combine the output
of each imaging system. For example, software and user
input may be used to combine spatial data provided by
the magnetic resonance imaging system with functional
data provided by the light imaging system. In some cases,
software may combine three-dimensional spatial infor-
mation provided by an MRI or computer tomography sys-
tem with three-dimensional functional information provid-
ed by the light imaging system.
[0090] 3-D light reconstruction techniques may be em-
ployed to reconstruct light data emitted from a sample
surface. The reconstruction techniques use data that pro-
vides information about the geometry of the sample and
the spatial distribution of the light emission from the sam-
ple surface. This may include data that comprises a) a
surface representation of the sample (e.g., from the sec-
ond system 8), and b) a set of measurements (e.g. im-
ages) of the light emission over at least a portion of the
surface. One format for this data comprises (1) a surface
representation defining the surface of the sample, (2) a
set of light emission images from the sample surface,
and (3) a set of parameters that define the spatial rela-
tionship between the sample and each image. 3-D light
reconstruction then comprises converting surface light
image data into light data internal to the object surface
to obtain a three-dimensional representation of the inter-
nal light source. This may include creating a set of volume
elements within the object.
[0091] A surface representation may also be obtained
via the secondary imaging system or structured light
techniques. For example, three-dimensional spatial in-
formation provided by a computer tomography imaging
system 8 may be used to build a surface representation.
To facilitate light 3-D light reconstruction, the surface rep-
resentation is divided into surface elements or a suitable
surface mesh approximating the actual surface of the

23 24 



EP 1 643 902 B1

14

5

10

15

20

25

30

35

40

45

50

55

sample. For example, the surface mesh may be defined
by a set of connected polygons, where each polygon is
a surface element. The number of surface elements var-
ies according to the object size and a desired solution
accuracy. Accuracy of a surface representation generally
improves by increasing the number of surface elements.
[0092] While this invention has been described in
terms of several preferred embodiments, there are alter-
ations, permutations, and equivalents which fall within
the scope of this invention which have been omitted for
brevity’s sake. For example, although imaging chamber
12 is described with multiple options for obj ect access
into interior cavity 44, it is understood that the present
invention may include only one form of access (e.g., man-
ual access or automated access, not both). It is therefore
intended that the scope of the invention should be deter-
mined with reference to the appended claims.

Claims

1. A system, for providing multiple types of imaging da-
ta for an internal portion of an object (302, 308, 610,
701) the system comprising:

a first imaging system (10); and
a second imaging system (8, 300, 600) config-
ured to provide imaging data for the internal por-
tion of the object (302, 308, 610, 701) and having
a receiving area that allows the internal portion
to be imaged while the object is in the receiving
area; and
an object handling system (6, 604, 700) for
transferring the object (302, 308, 610, 701) be-
tween the first imaging system and the second
imaging system (8, 3 00, 600),
characterised in that:

the first imaging system is a light imaging
system (10) for providing light data related
to light emitted from a light source (305) lo-
cated inside the object (302, 308, 610, 701)
and including:

an imaging chamber (12) comprising a
substantially light tight interior cavity
(44), and
a camera (20) configured to capture
light data from light in the visible to near-
infrared part of the spectrum emitted
from the object (302, 308, 610, 701) of
between about 103 and about 1010 pho-
tons/second/centimeter squared/
steradian while the object (302) is in the
interior cavity (44), and

wherein the object handling system can
transfer the object between the interior cav-

ity of the light imaging system (10) and the
receiving area of the second imaging sys-
tem, and wherein the imaging chamber (12)
or object handling system includes a light
seal that can maintain the interior cavity as
substantially light tight while the object is in
the interior cavity.

2. The system of claim 1 wherein the second imaging
system (8) is a magnetic resonance imaging system
(300) comprising:

a tubular cavity (303) passing through a mag-
netic resonance imaging magnet (304), the tu-
bular cavity (303) comprising the receiving area
that receives the object while resting on a stage
included in the object handling system (700).

3. The system of claim 2 further comprising at least one
processing device (352) in logical communication
with the light imaging system (10), in logical commu-
nication with the second imaging system (8, 300),
and in logical communication with the object han-
dling system (700), wherein the processor (352)
combines information provided by the second imag-
ing system (8, 300) with, information provided by the
light imaging system (10).

4. The system of claim 3 wherein the processor com-
bines spatial information provided by the magnetic
resonance imaging system with functional informa-
tion provided by the light imaging system.

5. The system of claim 2 wherein the object handling
system (700) comprises a portable stage (710) with
no metal parts.

6. The system of claim 1 wherein the second imaging
system (8) is a computer tomography imaging sys-
tem (600) comprising:

an X-ray producer (606) configured to emit X-
rays that pass through the object (610) while
resting on a portable stage (609) included in the
object handling system (604) and positioned in
the receiving area; and
an array of X-ray sensors (602) that receive the
X-rays.

7. The system of claim 1 wherein the object handling
system (6, 604, 700) comprises a portable stage
(609, 710) that supports the object (302, 308, 610,
701) during light imaging in the light imaging system
and imaging in the second imaging system (8, 300,
600).

8. The system of claim 7 wherein the object handling
system (6, 604, 700) is configured to transfer the
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object (302, 308, 610, 701) between the interior cav-
ity (44) of the light imaging system (10) and the re-
ceiving area of the second imaging system (8, 300,
600) without substantially moving the object (302,
308, 610, 701) on the portable stage.

9. The system of claim 1, 2 or 6 wherein the second
imaging system (8, 300, 600) is configured to pro-
duce spatial information for the internal portion.

10. The system of claim 1 or 7 wherein the light seal
comprises a first light seal included in the object han-
dling system which is configured to interface with a
second light seal (61d) on an exterior wall (740) of
the imaging chamber (12).

11. The system of claim 1 wherein the second imaging
system is a nuclear medicine imaging system (8)
comprising:

one or more sensors that detect radioactive
emissions produced by a radioactive substance
within the object (302, 308, 610, 701),

12. The system of claim 1 wherein the second imaging
system (8, 300, 600) is an ultrasound imaging sys-
tem that comprises:

a probe (802) configured to generate sound
waves that travel through the object and config-
ured to detect reflected waves produced in the
object.

13. A method for obtaining multiple types of imaging data
for an object, the method comprising:

obtaining imaging data (904) of an internal por-
tion of the object while the object is in a receiving
area of a second imaging system; and
characterised by the further steps of:

capturing light data (902) from light in the
visible to near-infrared part of the spectrum
emitted from a light source located inside
the object while the object is in a substan-
tially light tight interior cavity of a light imag-
ing system, wherein between about 103 to
about 1010 photons/second/centimeter
squared/steradian is emitted from the object
when the object is being imaged; and,
transferring (906) the object between the in-
terior cavity of the light imaging system and
the receiving area of the second imaging
system using an object handling system
and wherein a seal is created by the object
handling system or the interior cavity to
maintain the interior cavity as substantially
light tight while the object is in the interior

cavity.

14. The method of claim 14 wherein the transfer occurs
without substantially moving the object on a portable
stage (609, 710) that supports the object (302, 308,
610, 701) in both the interior cavity (44) and the re-
ceiving area.

15. The method of claim 14 wherein the second imaging
system is a magnetic resonance imaging system
(300).

16. The method of claim 16 further comprising:

combining spatial information provided by the
magnetic resonance imaging system (300) with
functional information provided by the light im-
aging system (10).

17. The method of claim 14 wherein the second imaging
system is a computer tomography imaging system
(600) and obtaining imaging data comprises receiv-
ing the imaging data using an array of X-ray sensors
(602) that detect the X-rays emitted from the object
(610).

18. The method of claim 14, 16 or 18 further comprising
converting surface light image data into light data
internal to the object surface to obtain a three-dimen-
sional representation of the light source.

19. The method of claim 20 further comprising obtaining
anatomical information regarding the object from the
second imaging system and using the anatomical
information to obtain the three-dimensional repre-
sentation of the light source located inside the object.

Patentansprüche

1. System zur Bereitstellung mehrerer Arten von Bild-
daten von einem inneren Teil eines Untersuchungs-
objekts (302, 308, 610, 701), wobei das System auf-
weist:

ein erstes Bildgebungssystem (10); und
ein zweites Bildgebungssystem (8, 300, 600),
das Bilddaten vom inneren Teil des Untersu-
chungsobjekts (302, 308, 610, 701) bereitstellt
und einen Aufnahmebereich aufweist, der den
Abbildungsvorgang für den inneren Teil ermög-
licht, während das Untersuchungsobjekt darin
positioniert ist; und
ein Untersuchungsobjekt-Weitergabesystem
(6, 604, 700) zur Bewegung des Untersu-
chungsobjekts (302, 308, 610, 701) zwischen
dem ersten und dem zweiten Bildgebungssy-
stem (8, 300, 600),
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dadurch gekennzeichnet, dass:

das erste Bildgebungssystem ein Lichtwel-
len-Bildgebungssystem ist (10), welches
Lichtwellen-Bilddaten anhand des von ei-
ner innerhalb des Untersuchungsobjekts
(302, 308, 610, 701) befindlichen Lichtquel-
le (305) emittierten Lichts bereitstellt und
welches aufweist:

eine Bildkammer (12) mit einem im We-
sentlichen lichtdichten Innenhohlraum
(44), und
eine Kamera (20), die Bilddaten aus
Lichtwellen im sichtbaren bis zum na-
hen Infrarotbereich des Spektrums er-
zeugt, die vom Untersuchungsobjekt
(302, 308, 610, 701) mit etwa 103 bis
etwa 1010 Photonen/Sekunden/Qua-
dratzentimeter/Steradianten emittiert
werden, während das Untersuchungs-
objekt (302) im Innenhohlraum (44) po-
sitioniert ist, und
wobei das Untersuchungsobjekt-Wei-
tergabesystem das Untersuchungsob-
jekt zwischen Innenhohlraum des Li-
chiwellen-Bildgebungssystems (10)
und Aufnahmebereich des zweiten
Bildgebungssystems bewegen kann
und wobei Bildkammer (12) oder Un-
tersuchungsobjekt- Weitergabesystem
eine Lichtschleuse aufweisen, die den
Innenhohlraum im Wesentlichen licht-
dicht halten kann, während das Unter-
suchungsobjekt darin positioniert ist.

2. System nach Anspruch 1, wobei das zweite Bildge-
bungssystem (8) ein Magnetresonanz-Bildgebungs-
system (300) ist, welches aufweist:

einen röhrenförmigen Hohlraum (303), der sich
durch einen Magnetresonanz-Bildgebungsma-
gneten (304) erstreckt, wobei der röhrenförmige
Hohlraum (303) den Aufnahmebereich enthalt
der das Untersuchungsobjekt aufnimmt, wäh-
rend es auf einem im Untersuchungsobjekt-
Weitergabesystem (700) angeordneten Objekt-
tisch positioniert ist.

3. System nach Anspruch 2, welches weiterhin minde-
stens ein Prozessorgerät (352) aufweist, das in lo-
gischer Kommunikation mit dem Lichtwellen-Bildge-
bungssystem, in logischer Kommunikation mit dem
zweiten Bildgebungssystem (8, 300) und in logischer
Kommunikation mit dem Untersuchungsobjekt-Wei-
tergabesystem (700) steht, wobei der Prozessor
(352) Informationen aus dem zweiten Bildgebungs-
system (8, 300) mit Informationen aus dem Lichtwel-

len-Bildgebungssystem (10) verknüpft.

4. System nach Anspruch 3, wobei der Prozessor
räumliche Informationen aus dem Magnetresonanz-
Bildgebungssystem mit funktionellen Informationen
aus dem Lichtwellen-Bildgebungssystem verknüpft.

5. System nach Anspruch 2, wobei das Untersu-
chungsobjekt-Weitergabesystem (700) einen trag-
baren Objekttisch (710) ohne metallische Teile auf-
weist.

6. System nach Anspruch 1, wobei das zweite Bildge-
bungssystem (8) ein Computertomografie-Bildge-
bungssystem (600) ist, welches aufweist:

einen Röntgengenerator (606), der Röntgen-
strahlen emittiert, die das Untersuchungsobjekt
(610) durchleuchten, während es sich auf einem
im Untersuchungsobjekt-Weitergabesystem
(604) angeordneten und im Aufnahmebereich
positionierten tragbaren Objekttisch (609) befin-
det; und
ein Röntgensensorfeld (602) zur Erfassung der
Röntgenstrahlen.

7. System nach Anspruch 1, wobei das Untersu-
chungsobjekt-Weitergabesystem (6, 604, 700) ei-
nen tragbaren Objekttisch (609, 710) aufweist, auf
dem das Untersuchungsobjekt (302, 308, 610, 701)
während des Lichtwellen-Bildaufnahmevorgangs im
Lichtwellen-Bildgebungssystem und während des
Bildaufnahmevorgangs im zweiten Bildgebungssy-
stem (8, 30, 600) positioniert ist.

8. System nach Anspruch 7, wobei das Untersu-
chungsobjekt-Weitergabesystem (6, 604, 700) das
Untersuchungsobjekt (302, 308, 610, 701) zwischen
Innenhohlraum (44) des Lichtwellen-Bildgebungs-
systems (10) und Aufnahmebereich des zweiten
Bildgebungssystems (8, 30, 600) bewegt, ohne die
Position des Untersuchungsobjekts (302, 308, 610,
701) auf dem tragbaren Objekttisch (609, 710) we-
sentlich zu verändern.

9. System nach Anspruch 1, 2 oder 6, wobei das zweite
Bildgebungssystem (8, 30, 600) räumliche Informa-
tionen über den inneren Bereich erzeugen kann.

10. System nach Anspruch 1 oder 7, wobei die Licht-
schleuse eine im Untersuchlungsobjekt-Weiterga-
besystem angeordnete erste Lichtschleuse auf-
weist, die an eine zweite Lichtschleuse (61d) an ei-
ner Außenwand (740) der Bildkammer (12) an-
schließt.

11. System nach Anspruch 1, wobei das zweite Bildge-
bungssystem ein Nuklearmedizin-Bildgebungssy-
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stem (8) ist, welches aufweist:

einen oder mehrere Sensoren, welche die von
einer radioaktiven Substanz innerhalb des Un-
tersuchungsobjekts (302, 308, 610, 701) aus-
gehende radioaktiven Emissionen erfassen.

12. System nach Anspruch 1, wobei das zweite Bildge-
bungssystem (8, 300, 600) ein Ultraschall -Bildge-
bungssystem ist, welches aufweist:

eine Sonde (802), welche Schallwellen erzeugt,
die das Untersuchungsobjekt durchdringen,
und welche im Untersuchungsobjekt reflektierte
Wellen erfasst.

13. Verfahren zur Gewinnung mehrerer Arten von Bild-
daten eines Untersuchungsobjekts, wobei das Ver-
fahren aufweist:

Gewinnung von Bilddaten (904) von einem in-
neren Teil des Untersuchungsobjekts, während
das Untersuchungsobjekt in einem Aufnahme-
raum eines zweiten Bildgebungssystems posi-
tioniert ist; und
das gekennzeichnet ist durch folgende weite-
ren Schritte:

Erfassung von Lichtwellen-Bilddaten (902)
anhand von Lichtwellen im sichtbaren bis
zum nahen Infrarotbereich des Spektrums,
welche von einer innerhalb des Untersu-
chungsobjekts (302, 308, 610, 701) befind-
lichen Lichtquelle (305) emittiert werden,
während das Untersuchungsobjekt in ei-
nem im Wesentlichen lichtdichten Innen-
hohlraum eines Lichtwellen-Bildgebungs-
systems positioniert ist, wobei vom Unter-
suchungsobjekt während des Bildaufhah-
mevorgangs etwa 103 bis etwa 1010 Photo-
nen/ Sekunden/ Quadratzentimeter/ Stera-
dianten emittiert werden; und
Bewegung (906) des Untersuchungsob-
jekts zwischen Innenhohlraum des Licht-
wellen-Bildgebungssystems und Aufnah-
mebereich des zweiten Bildgebungssy-
stems mittels eines Untersuchungsobjekt-
Weitergabesystems, und wobei durch Un-
tersuchungsobjekt- Weitergabesystem
oder Innenhohlraum eine Schleuse erzeugt
wird, um den Innenhohlraum im Wesentli-
chen lichtdicht zu halten, während das Un-
tersuchungsobjekt darin positioniert ist.

14. Verfahren nach Anspruch 13, wobei die Bewegung
so erfolgt, dass die Lage des auf einem tragbaren
Objekttisch (609, 710) positionierten Untersu-
chungsobjekts (302, 308, 610, 701) weder im Innen-

hohlraum (449) noch im Aufnahmebereich wesent-
lich verändert wird.

15. Verfahren nach Anspruch 13, wobei das zweite Bild-
gebungssystem ein Magnetresonanz-Bildgebungs-
system (300) ist.

16. Verfahren nach Anspruch 15, das weiterhin auf-
weist:

Verknüpfung räumlicher Informationen aus dem
Magnetresonanz-Bildgebungssystem (300) mit
funktionellen Informationen aus dem Lichtwel-
len-Bildgebungssystem (10).

17. Verfahren nach Anspruch 13, wobei das zweite Bild-
gebungssystem ein Computertomografie-Bildge-
bungssystem (600) ist und die Gewinnung von Bild-
daten den Empfang von Bilddaten mittels eines
Röntgenstrahlsensorfelds (602) aufweist, das die
vom Untersuchungsobjekt (610) emittierten Rönt-
genstrahlen erfasst.

18. Verfahren nach Anspruch 13, 15 oder 17, das wei-
terhin die Umwandlung von Lichtwellen-Bilddaten
von der Objektoberfläche in Lichtwellen-Bilddaten
von unterhalb der Objektoberfläche aufweist, um ei-
ne dreidimensionale Darstellung der Lichtquelle zu
erhalten.

19. Verfahren nach Anspruch 18, das weiterhin die Ge-
winnung anatomischer Informationen über das Un-
tersuchungsobjekt durch das zweite Bildgebungssy-
stem sowie die Verwendung der anatomischen In-
formationen zur Gewinnung der dreidimensionalen
Darstellung der im Untersuchungsobjekt befindli-
chen Lichtquelle aufweist.

Revendications

1. Système pour fournir de multiples types de données
d’imagerie pour une partie interne d’un objet (302,
308, 610, 701), le système comprenant :

un premier système d’imagerie (10) ; et
un deuxième système d’imagerie (8, 300, 600)
configuré pour fournir des données d’imagerie
pour la partie interne de l’objet (302, 308, 610,
701) et comportant une zone de réception qui
permet la formation d’une image de la partie in-
terne alors que l’objet est dans la zone de
réception ; et
un système de manipulation d’objet (6, 604, 700)
pour transférer l’objet (302, 308, 610, 701) entre
le premier système d’imagerie et le deuxième
système d’imagerie (8, 300, 600),
caractérisé en ce que :
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le premier système d’imagerie est un sys-
tème d’imagerie de lumière (10) pour fournir
des données de lumière concernant une lu-
mière émise par une source de lumière
(305) située à l’intérieur de l’objet (302, 308,
610, 701) et comprenant :

une chambre d’imagerie (12) compre-
nant une cavité intérieure (44) sensi-
blement étanche à la lumière, et
une caméra (20) configurée pour cap-
turer des données de lumière d’une lu-
mière dans la partie du visible au pro-
che infrarouge du spectre émis par l’ob-
jet (302, 308, 610, 701) d’environ 103

à environ 1010 photons/seconde/centi-
mètre carré/stéradian alors que l’objet
(302) est dans la cavité intérieure (44),
et
dans lequel le système de manipulation
d’objet peut transférer l’objet entre la
cavité intérieure du système d’imagerie
de lumière (10) et la zone de réception
du deuxième système d’imagerie, et
dans lequel la chambre d’imagerie (12)
ou le système de manipulation d’objet
comprend un système d’étanchéité à la
lumière qui peut maintenir la cavité in-
térieure sensiblement étanche à la lu-
mière alors que l’objet est dans la cavité
intérieure.

2. Système selon la revendication 1, dans lequel le
deuxième système d’imagerie (8) est un système
d’imagerie par résonance magnétique (300)
comprenant :

une cavité tubulaire (303) traversant un aimant
d’imagerie par résonance magnétique (304), la
cavité tubulaire (303) comprenant la zone de ré-
ception qui reçoit l’objet alors qu’il repose sur un
plateau inclus dans le système de manipulation
d’objet (700).

3. Système selon la revendication 2, comprenant en
outre au moins un dispositif de traitement (352) en
communication logique avec le système d’imagerie
de lumière (10), en communication logique avec le
deuxième système d’imagerie (8, 300), et en com-
munication logique avec le système de manipulation
d’objet (700), dans lequel le processeur (352) com-
bine les informations fournies par le deuxième sys-
tème d’imagerie (8, 300) avec les informations four-
nies par le système d’imagerie de lumière (10).

4. Système selon la revendication 3, dans lequel le pro-
cesseur combine les informations spatiales fournies
par le système d’imagerie par résonance magnéti-

que avec les informations fonctionnelles fournies par
le système d’imagerie de lumière.

5. Système selon la revendication 2, dans lequel le sys-
tème de manipulation d’objet (700) comprend un pla-
teau portable (710) sans parties métalliques.

6. Système selon la revendication 1, dans lequel le
deuxième système d’imagerie (8) est un système
d’imagerie de tomodensitométrie (600)
comprenant :

un élément de production de rayons X (606) con-
figuré pour émettre des rayons X qui traversent
l’objet (610) alors qu’il repose sur un plateau por-
table (609) inclus dans le système de manipu-
lation d’objet (604) et positionné dans la zone
de réception ; et
un réseau de capteurs de rayons X (602) qui
reçoivent les rayons X.

7. Système selon la revendication 1, dans lequel le sys-
tème de manipulation d’objet (6, 604, 700) comprend
un plateau portable (609, 710) qui supporte l’objet
(302, 308, 610, 701) pendant l’imagerie de lumière
dans le système d’imagerie de lumière et l’imagerie
dans le deuxième système d’imagerie (8, 300, 600).

8. Système selon la revendication 7, dans lequel le sys-
tème de manipulation d’objet (6, 604, 700) est con-
figuré pour transférer l’objet (302, 308, 610, 701) en-
tre la cavité intérieure (44) du système d’imagerie
de lumière (10) et la zone de réception du deuxième
système d’imagerie (8, 300, 600) sans déplacer sen-
siblement l’objet (302, 308, 610, 701) sur le plateau
portable.

9. Système selon la revendication 1, 2 ou 6, dans lequel
le deuxième système d’imagerie (8, 300, 600) est
configuré pour produire des informations spatiales
pour la partie interne.

10. Système selon la revendication 1 ou 7, dans lequel
le système d’étanchéité à la lumière comprend un
premier système d’étanchéité à la lumière inclus
dans le système de manipulation d’objet qui est con-
figuré pour s’interfacer avec un deuxième système
d’étanchéité à la lumière (61d) sur une paroi exté-
rieure (740) de la chambre d’imagerie (12).

11. Système selon la revendication 1, dans lequel le
deuxième système d’imagerie est un système d’ima-
gerie de médecine nucléaire (8) comprenant :

un ou plusieurs capteurs qui détectent les émis-
sions radioactives produites par une substance
radioactive dans l’objet (302, 308, 610, 701).

33 34 



EP 1 643 902 B1

19

5

10

15

20

25

30

35

40

45

50

55

12. Système selon la revendication 1, dans lequel le
deuxième système d’imagerie (8, 300, 600) est un
système d’imagerie ultrasonore qui comprend :

une sonde (802) configurée pour générer des
ondes acoustiques qui se propagent à travers
l’objet et configurée pour détecter les ondes ré-
fléchies produites dans l’objet.

13. Procédé d’obtention de multiples types de données
d’imagerie pour un objet, le procédé consistant à :

obtenir des données d’imagerie (904) d’une par-
tie interne de l’objet alors que l’objet est dans
une zone de réception d’un deuxième système
d’imagerie ; et
caractérisé par les étapes supplémentaires
consistant à :

capturer des données de lumière (902)
d’une lumière dans la partie visible à proche
infrarouge du spectre émis par une source
de lumière située à l’intérieur de l’objet alors
que l’objet est dans une cavité intérieure
sensiblement étanche à la lumière d’un sys-
tème d’imagerie de lumière, dans lequel,
entre environ 103 et environ 1010 photons/
seconde/centimètre carré/stéradian sont
émis par l’objet lors de l’imagerie de l’objet ;
et
transférer (906) l’objet entre la cavité inté-
rieure du système d’imagerie de lumière et
la zone de réception du deuxième système
d’imagerie en utilisant un système de ma-
nipulation d’objet, et dans lequel un systè-
me d’étanchéité est créé par le système de
manipulation d’objet ou la cavité intérieure
pour maintenir la cavité intérieure sensible-
ment étanche à la lumière alors que l’objet
est dans la cavité intérieure.

14. Procédé selon la revendication 14, dans lequel le
transfert s’effectue sans déplacer sensiblement l’ob-
jet sur un plateau portable (609, 710) qui supporte
l’objet (302, 308, 610, 701) à la fois dans la cavité
intérieure (44) et dans la zone de réception.

15. Procédé selon la revendication 14, dans lequel le
deuxième système d’imagerie est un système d’ima-
gerie par résonance magnétique (300).

16. Procédé selon la revendication 16, consistant en
outre à :

combiner les informations spatiales fournies par
le système d’imagerie par résonance magnéti-
que (300) avec les informations fonctionnelles
fournies par le système d’imagerie de lumière

(10).

17. Procédé selon la revendication 14, dans lequel le
deuxième système d’imagerie est un système d’ima-
gerie de tomodensitométrie (600) et l’obtention de
données d’imagerie comprend la réception des don-
nées d’imagerie en utilisant un réseau de capteurs
de rayons X (602) qui détectent les rayons X émis
par l’objet (610).

18. Procédé selon la revendication 14, 16 ou 18, con-
sistant en outre à convertir les données d’image de
lumière de surface en données de lumière internes
à la surface de l’objet pour obtenir une représenta-
tion tridimensionnelle de la source de lumière.

19. Procédé selon la revendication 20, consistant en
outre à obtenir des informations anatomiques con-
cernant l’objet à partir du deuxième système d’ima-
gerie et utiliser les informations anatomiques pour
obtenir la représentation tridimensionnelle de la
source de lumière située à l’intérieur de l’objet.
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