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APPARATUS AND METHOD FOR IMAGING IONIZING RADIATION

FIELD OF THE INVENTION
The invention relates generally to the elimination of the
contribution of phosphor screen mottle to noise in phosphorescence detection 1n
an ionizing radiation imaging system, such as a radiographic or autoradiographic

imaging system.

BACKGROUND OF THE INVENTION

When imaging ionizing radiation with either film or digital
detection means, phosphor screens are used to transduce the 10onizing radiation to
visible light. Phosphor screens have the inherent problem of contributing an
artifact to the image called screen mottle. Screen mottle is the combined effect of
macroscopic structural mottle and microscopic grain mottle, often lumped into the
term “mottle”. Generally, screen mottle contributes to the noise in
phosphorescence detection, specifically high spatial frequency noise that 1s
spatially fixed with respect to the detection means. It would be desirable to
reduce or eliminate the contribution of mottle to noise in phosphorescence
detection in an ionizing radiation imaging system, such as a radiographic or
autoradiographic imaging system. This problem is particularly relevant to thin
phosphor screens, as required for high spatial resolution radiography and
autoradiography of small mammals, insects, fish, seeds, biopsy specimens, blots,
gels, and the like, due to the small number of phosphor grains through a pixel
equivalent column depth. Furthermore, this problem is particularly relevant in
cases where a reduction in the dose of ionizing radiation to achieve a desired

signal-to-noise ratio 1s desired, because a decrease in noise can compensate

-against a decrease in signal (due to reduction in dose) to maintain a desired signal-

to-noise ratio.

A number of attempts to reduce or eliminate mottle have been reported
in the literature. For example, reference may be made to Cleare et al, The Am. J. of
Roent. And Rad. Physics, Vol. 88, No. 1, pp. 168-174 (July 1962); U.S. Published
Patent Application 2006/0210135; and U.S. Patents 1,609,703; 3,717,764; 3,936,644,
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4,028,550; 4,088,894; 4,107,070; 4,208,470, 4,394,737, 4,710,637, 4,829,188;
4,891,527; 5,069,982; 5,663,005; 5,830,629; and 6,278,765. While some have
achieved a measure of improvement, these attempted solutions have required added

complexity and cost due to either the addition of complex matenals, processes, or

construction techniques, or the use of additional screens or layers. For example, some

proposed solutions use a plurality of radiographic films or a plurality of phosphor
screen layers. Some minimize the effective conversion efficiency of the screen or the
screen speed or require the use of additional materials such as the embedding of metal
strips. Others require adding extra materials such as brightening agents, combining
(Ba,SH)F, (CL,Br): Eu™ phosphors with particular rare earth oxyhalide phosphors,
admixing a small amount of particular trivalent antimony compounds with the
phosphor prior to screen preparation, or heating phosphor material while exposed to an
oxygen-containing atmosphere. Still others require stabilization or a correction image
data set.

U.S. Patent Application Publication No. 2007/0217713 and
NewScientist.com news service, December 21, 2007, describe a technique for
creating higher resolution images by combining a plurality of lower resolution
images. Forensic scientist and astronomers are currently applying the technique to
security and astronomical images respectively, to produce higher resolution
images. The method and software first acquire a series of lower resolution images
while moving the subject and holding the capture device fixed or moving the
capture device while holding the subject fixed. Then like pixels of the lower
resolution images are combined to create a higher resolution image. Researchers
are also applying this technique to radiography to obtain usable radiographic
images that require less radiation dose. Radiographic images obtained in this
fashion, however, are also subject to phosphor screen mottle, because the
phosphor screen remains fixed in relationship to either the image capture device
(whereby the mottle adds noise that is spatially fixed with respect to the plurality

of images) or the subject (whereby the mottle adds noise that is spatially fixed
with respect to the subject).

SUMMARY OF THE INVENTION
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The present invention solves the problem caused by phosphor screen
mottle essentially by virtue of blurring. Therefore, this invention solves the problem of
phosphor screen mottle independently of the complexity and cost of the phosphor
screen and the image capture process, so that even a simple an inexpensive phosphor
screen and image capture process may be used in combination with this invention.

The present invention provides, in one embodiment, an apparatus
and method for imaging an object, comprising a support member adapted to
receive the object in an immobilized state; a phosphor screen adapted to transduce
ionizing radiation from the object to visible light; and an imaging means for
imaging the immobilized object. The apparatus may be radiographic and include
a source of X rays or autoradiographic and image an object treated with
radioisotopes. The imaging means may include features for pixelwise
mathematical averaging of a sequence of individual images of the immobilized
object acquired by use of the phosphor screen. The phosphor screen 1s
incrementally displaced to facilitate reduction of phosphor screen mottle. The
incremental displacement may be by a distance larger than the phosphor grain size
and smaller than the difference between the physical size of the phosphor screen
and the field of view of the images, so as to blur the phosphor screen mottle.

Another embodiment of the invention concerns a method and a
system for capturing multimodal images of an object. The method may include
steps and the system may include elements for placing the object in an
immobilized state on an object stage; positioning a phosphor screen in an image
path from the object to transduce 1onizing radiation passing from the object to
visible light; capturing a series of images of the object using the visible light;
moving the phosphor screen incrementally to facilitate reduction of phosphor
screen mottle 1n the series; removing the phosphor screen from the image path;
and capturing at least one optical image of the object.

Yet another embodiment of the invention concerns a method and a
system for capturing an individual image of the immobilized object by the use of
the phosphor screen, wherein the phosphor screen is incrementally displaced
during the acquisition through a distance larger than the phosphor grain size and

smaller than the difference between the physical size of the phosphor screen and
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the field of view of the image, and wherein the 1onizing radiation 1s switched off
during each incremental displacement and switched on after each incremental

displacement, so as to blur the phosphor screen mottle without blurring the image.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages of the
invention will be apparent from the following more particular description of the
embodiments of the invention, as illustrated in the accompanying drawings. The
elements 0f the drawings are not necessarily to scale relative to each other.

FIG. 1 shows a diagrammatic side view of a film-based
radiographic or autoradiographic imaging system.

FIG. 2 shows a diagrammatic side view of a sample object stage
and the phosphor screen of the film-based radiographic or autoradiographic
imaging system of FIG. 1.

FIG. 3 shows a work flow diagram in accordance with a method of
the present invention, in which film is used to capture images.

FIG. 4A shows a diagrammatic side view of a digital radiographic
or autoradiographic imaging system in accordance with the present invention. '

_ FIG. 4B shows a diagrammatic front view of the imaging system of

FIG. 4A.

FIG. 5 shows a perspective view of the imaging system of FIGS.
4A and 4B.

FIG. 6 shows a diagrammatic side view of the sample object stage
of digital radiographic or autoradiographic imaging system of FIGS. 4A, 4B and
5.

FIG. 7 shows a work flow diagram in accordance with a method of
the present invention in which a digital camera is used to capture images.

FIG. 8A shows a diagrammatic side view of the sample object
stage of FIG. 6 wherein the phosphor screen is positioned for imaging MODE 1.

FIG. 8B shows a diagrammatic side view of the sample object

stage of FIG. 6 wherein the phosphor screen is positioned for imaging MODE 2.
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FIGS. 9A and 9B show a work flow diagram in accordance with a
method of the present invention in which a digital camera is used to capture
images.

FIG. 10 shows a work flow diagram of another embodiment in
accordance with a method of the present invention.

FIG. 11 shows a diagrammatic side view of another embodiment of
the sample object stage and the phosphor screen of the digital radiographic or
autoradiographic imaging system of FIGS. 4A and 4B.

FIG. 12 is a diagrammatic view of an image evaluation insert of a
digital stereotactic breast biopsy accreditation phantom.

FIG. 13A 1s a single digital radiographic image of the image
evaluation insert of FIG. 12 captured with a stationary phosphor screen for the
sake of reference.

FIG. 13B is the image average of a plurality of (specifically
sixteen) digital radiographic images of the image evaluation insert of FIG. 12
captured with a stationary phosphor screen for the sake of reference.

FIG. 13C 1s the image average of a plurality of (specifically
sixteen) digital radiographic images of the image evaluation insert of FIG. 12
captured with an incrementally displaced phosphor screen using the system and
method in accordance with the present invention.

FIG. 14A 1s a blow-up showing section H of the image evaluation
insert of the image shown in FIG. 13A.

FIG. 14B 1s a blow-up showing section H of the image evaluation
insert of the image average shown in FIG. 13B.

FIG. 14C 1s a blow-up showing section H ot the image evaluation
insert of the image average shown in FIG. 13C.

FIG. 15 1s a graphical representation of the results of measurements
of Groups E, F, G and H of the image evaluation insert of FIG. 12 acquired by the
system and method in accordance with the present invention.

FIG. 16 1s another graphical representation of the results of
measurements of Groups E, F, G and H of the image evaluation insert of FIG. 12

acquired by the system and method in accordance with the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

The following is a detailed description of the preferred
embodiments of the invention, reference being made to the drawings in which the
same reference numerals identify the same elements of structure in each of the
several figures.

Figure 1 illustrates a film-based radiographic or autoradiographic
imaging system 10 comprising an X-ray source 20, used only for radiography,
positioned opposite a sample object stage 30. A radiography or autoradiography
film cassette 40 is located on the opposite side of stage 30 from source 20 in a
film compartment 50. A phosphor screen 60 is located between stage 30 and
cassette 40. A support frame 70 locates and supports stage 30, screen 60 and
cassette 40. A linear motion device 80 is operatively connected to screen 60 by a
connecting rod 90. A computer control system 95 1s provided to control device 80
and X-ray source 20, when the source is activated for radiographic imaging and
deactivated for autoradiographic imaging. During radiographic imaging, source
20 may be turned on and off by system 95 as needed during or following capture
of an individual image or series of images.

Regarding one embodiment of imaging system 10, Figure 2 shows
a diagrammatic side view of sample object stage 30. As illustrated, phosphor
screen 60 1s positioned beneath sample object stage 30. Film cassette 40 is
positioned beneath screen 60, which is slideably mounted for motion in a plane
parallel to sample object stage 30 and film cassette 40. Phosphor screen 60 is
slideable in the direction of arrow A relative to frame 70 and in approximate
contact with film cassette 40. Linear motion device 80 may be a linear induction
motor connected to phosphor screen 60 via a connecting rod 90.

Figure 3 illustrates an embodiment of a method pertormed by
imaging system 10 in accordance with the invention. A subject such as a mouse
in an immobilized state (not shown) is placed on object stage 30 in step 200. A
series of individual images of the subject is acquired using phosphor screen 60 in
steps 210, 230 and 250. Image capture may be achieved (i) with a single film that

1s multiply exposed at different incremental positions of screen 60 or (i1) with
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multiple films exposed in series at different incremental positions of screen 60. In
the first instance, after each of the series of separate images is captured on the film
in cassette 40, source 20 is turned off and phosphor screen 60 is displaced by
device 80 by a distance “d” in steps 220 and 240, so as to facilitate reduction of
phosphor screen mottle. This distance “d” is larger than the phosphor grain size
(typically between 1 and 20 um) but smaller than the difference between the

physical size of the phosphor screen 60 and the field of view of each image on the
film in cassette 40. The position of screen 60 for each image is indicated by D1,
D2, D3...Dn in Figure 4. The time between each image taken at D1, D2,
D3...Dn, while source 20 is off, should exceed the time required for the
phosphorescence to decay to a sufficiently low level (e.g., 1% after 1.5 sec for
terbrum-doped gadolimmum oxysulfide) to achieve a desired dynamic range. The
effect of the displacement of the phosphor screen between images results in the
blurring of the phosphor screen mottle when the multiply-exposed film is
processed in step 260. In the second instance, separate films are used for each
image of the series; but otherwise, the process is the same. Alternatively, in either
instance, the phosphor screen may be moved during the capture of an individual
image, and the source 20 may be tumed off during movement of the screen.
During autoradiographic imaging, the source of radiation is within the subject and
cannot be turned on or off; so, a mechanical shutter, not illustrated, must be
provided to prevent radiation from the subject from reaching the film while the
phosphor screen is being moved.

Figures 4A, 4B and 5 show an electronic, digital radiographic or
autoradiographic imaging system 100, used for high spatial resolution radiography
or autoradiography, including an X-ray source 102 and a sample object stage 104.
Imaging system 100 may be a multimodal type of imaging system such as a
KODAK In-Vivo Imaging System FX Pro. This type of multimodal optical,
radiographic and autoradiographic imaging system 100, in addition to the X-ray
source 102, may have a programmable multispectral light source 106 with
fiberoptic bundles 108 for illumination delivery, an optical compartment 110, a
lens and camera system 114, and a communication/computer control system 116

with a display device 118, for example, a computer monitor. Such a multi-modal
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imaging system is disclosed in the previously mentioned U.S. Patent Applications
Nos. 11/221,530 of Vizard et al and 61/024,621 of Feke et al.

Sample object stage 104 is disposed within a sample environment
120, which allows access to the object being imaged. Preferably, sample
environment 120 is light-tight and fitted with light-locked gas ports for
environmental control. Such environmental control might be desirable for
controlled radiographic imaging or for support of particular specimens.

Imaging system 100 can include an access means or member 122
to provide convenient, safe and light-tight access to sample environment 120.
Access means are well known to those skilled 1n the art and can include a door,
opening, labyrinth, and the like. Additionally, sample environment 120 1s
preferably adapted to provide atmospheric control for sample maintenance or soft
X-ray transmission (e.g., temperature/humidity/alternative gases and the like).
Environmental control enables practical radiographic contrast below 8 KeV (air
absorption) and aids 1n life support for biological specimens.

Figure 6 1llustrates an embodiment of digital imaging system 100
of Figures 4A, 4B and 5. A phosphor screen or plate 124 1s slideably mounted for
motion 1n a plane parallel to sample object stage 104. Stage 104 includes a
rectangular frame 126 to support and stretch a thin plastic support sheet 128
selected so as to support the weight of a sample. Sheet 128is optically clear and
free of significant interfering fluorescence.

While those skilled in the art might recognize other configurations,
in one embodiment, phosphor screen 124 1s mounted for translation in the
direction of arrow A relative to frame 126, in intimate contact with support sheet
128 supporting an object to be imaged. A linear motion device 130 such as a

linear induction motor is connected to phosphor screen 124 via a connecting rod

132 and controlled by system 116.

Figure 7 illustrates an embodiment of a method performed by
system 100. A subject such as a mouse 1n an immobilized state (not shown) 1s
placed on object stage 104 in step 300. A series of individual radiographic images
of the subject is acquired using phosphor screen 124 in steps 310, 330 and 350.

Source 102 may be turned off between images or left on from image to image.
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During autoradiographic imaging, the source of radiation 1s within the subject and
cannot be turned on or off; so, an electrical or mechanical shutter in lens and
camera system 114, not illustrated, must be used to prevent radiation from the
subject from reaching the sensor of the camera while the phosphor screen is being
moved. As the series of separate images is captured via camera system 114,
between image captures phosphor screen 124 is displaced by device 130 by a
small distance “d” in steps 320 and 340. This distance “d” is larger than the
phosphor grain size but smaller than the difference between the physical size of
the phosphor screen 124 and the field of view of the images. The position of
screen 124 for each image is indicated by D1, D2, D3...Dn in Figure 6. When
source 102 is turned off between radiographic images or the camera shutter is
closed between autoradiographic images, the time between each image taken at
D1, D2, D3...Dn should exceed the time required for the phosphorescence to
decay to a sufficiently low level (e.g., 1% after 1.5 sec for terbrum-doped
gadolinium oxysulfide) to achieve a desired dynamic range.. The resultant digital
images are then pixelwise averaged mathematically, using techniques familiar to
those skilled in the art of digital image processing, so as to blur the phosphor
screen mottle 1n step 360. Alternatively, the phosphor screen may be moved
during the capture of an individual image, and the source 102 may be turned off
during movement of the screen.

Considering the modes of operation of system 10 and system 100,
the skilled person will understand that image capture may occur during an interval
when the film or digital camera or other imaging deﬁce captures light from the
phosphor screen under (i) on-off control of the camera or imaging device or (i)
on-off control of X-ray source 102. The skilled person further will understand

that image capture could be controlled by a combination of camera and X-ray

source control.

In another embodiment of the method of the invention, the digital
radiographic or autoradiographic imaging system 100 of Figures 4A, 4B and 5 is
used in the multimodal imaging system mode. In that mode, imaging system 100

1s capable of analytical imaging of objects such as small mammals, insects, fish,
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seedé, biopsies in differing modes, including bright-field, dark-field (e.g.,
luminescence and fluorescence), and radiographic or autoradiographic modes.

In use of the multimodal imaging mode described in the previously
mentioned U.S. Patent Application No. 11/221,530 of Vizard et al and
corresponding U.S. Publication 2006/0064000, a method of the invention 1s
illustrated in Figures 8A, 8B and the workflow of Figures 9A and 9B. The
immobilized subject (mouse) in positioned on object stage 104 in step 400.
Phosphor screen 124 is moved by device 130 into position for digital radiographic
or autoradiographic imaging MODE 1 in step 410, where it is in an overlapping,
proximate arrangement with sample object stage 104. A series of individual
images of the subject is acquired in steps 420, 440 and 460. As the series of
separate images is captured via camera system 114, phosphor screen 124 1s
displaced by a distance “d” by device 130 in steps 430 and 450. Distance “d” 1s
larger than the phosphor grain size but smaller than the difference between the
physical size of the phosphor screen 124 and the field of view of the images.
Linear motion device 130 may be controlled by the communication and computer
control system 116. The position for each image for example is indicated by D1,
D2, D3...Dn in Figure 6. The time between each image taken at D1, D2, D3...Dn
should exceed the decay time of the phosphor material in the screen. The images
are then averaged so as to blur the phosphor screen mottle in step 470. The
phosphor screen 124 then is moved in step 480 out of the image path into position
for optical imaging MODE 2 and optical images including bright-field and dark-
field (e.g. luminescence and fluorescence) images are acquired in step 490.

Still another embodiment of the invention concerns a method for
producing a high-resolution digital image from a sequence of low-resolution
digital images using a super-resolution technique. For example, an immobilized
object and camera may be incrementally displaced with respect to each other
during capture of a sequence of low-resolution digital images and the phosphor
screen may also be displaced, incoherently from the displacement of the object
and camera, for each of the low-resolution digital images by a distance larger than

the phosphor grain size and smaller than the difference between the physical size

-10-
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of the phosphor screen and the field of view of the images, so as to blur the
phosphor screen mottle.

For such a super-resolution embodiment, the workflow shown in
Figure 10 describes a method of obtaining a high resolution radiographic or
autoradiographic image with reduced or eliminated screen mottle using the system
illustrated in Figures 4A, 4B, and 11. A high-resolution digital image is computed
from a sequence of low-resolution digital images using a super-resolution

technique. Such a super-resolution technique is disclosed in detail in previously
mentioned U.S. Patent Application Publication No. 2007/0217713.

For example, the

immobilized object on sample object stage 104 and camera 114 are incrementally
displaced with respect to each other via linear motion devices 130a and 130b
controlled by the computer 116 during capture of the sequence of low-resolution
digital images in step 500. At the same time, phosphor screen 124 is also
displaced via linear motion device 130 controlled by the computer 116 by the
distance *“d”, larger than the phosphor grain size and smaller than the difference
between the physical size of the phosphor screen 124 and the field of view of the
images. Phosphor screen 124 is displaced in a manner uncorrelated with the
displacement of camera 114 and object stage 104, for each of the low-resolution
digital images, so as to blur the phosphor screen mottle in step 510. A high-
resolution digital image is then computed in step 520 in accordance with the
published application by using a data fidelity penalty term, where the data fidelity
penalty term is an L, norm penalty term to enforce similarities between low-
resolution data and a high-resolution image estimate using a spatial penalty term,

where the spatial penalty term is a penalty term to encourage sharp edges in the

high-resolution image.

Experimental Results:

Figure 12 is a diagrammatic view of an image evaluation insert of a
digital stereotactic breast biopsy accreditation phantom, such as Nuclear
Associates Model 18-250. The insert is made of wax and contains test objects to

simulate indications of breast cancer. Nylon fibers A, B, C and D of varying

-11-
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diameter simulate tissue fibrillar extensions in adipose tissue. Groups E, F, G and
H of six alumina specks, wherein the diameter varies between groups, simulate
punctuate calcifications. Lens-shaped masses I, J, K and L of varying thickness
simulate tumor-like masses.

Figure 13A is a single digital radiographic image of the image
evaluation insert of Figure 12 captured with a stationary phosphor screen for the
sake of reference. Figure 13B is the image average of a plurality of (specifically
sixteen) digital radiographic images of the image evaluation insert of Figure 12
captured with a stationary phosphor screen for the sake of reference. Figure 13C
is the image average of a plurality of (specifically sixteen) digital radiographic
images of the image evaluation insert of Figure 12 captured with an incrementally
displaced phosphor screen using the systerﬁ and method of Figures 4 to 7 in
accordance with the present invention.

The alumina specks are well-suited to serve in the demonstration of
the advantages of the present invention. Groups E, F, G, and H comprise alumina
specks of diameter 0.54 mm, 0.32 mm, 0.24 mm, and 0.20 mm, respectively.
Figure 14A 1s a blow-up of image evaluation insert section H (see Figure 12) of

the image shown in Figure 13A. Alumina specks 600 and phosphor screen defects

- 610 are visible. Figure 14B is a blow-up of image evaluation insert section H of

the image average shown in Figure 13B. Figure 14C is a blow-up of image
evaluation insert section H of the image average shown in Figure 13C. The
comparison of Figures 14A,B, and C shows that the visual impact of the mottle in
the background of the specks is reduced by averaging a plurality of images, and is
reduced further by averaging a plurality of images wherein the phosphor screen is
incrementally displaced compared to averaging a plurality of images wherein the
phosphor screen is stationary. Furthermore, artifacts due to phosphor screen
defects, such as those apparent in Figures 14A and B, are reduced by a great
proportion by averaging a plurality of images wherein the phosphor screen is
incrementally displaced.

Figure 15 is a graphical representation of the results of
measurements of the image evaluation insert of Figure 12 acquired by the system

and method of Figures 4 to 7 in accordance with the present invention. Graphs are

-12-
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shown for Groups E, F, G and H comparing a quantitative figure-of-merit for the
detection of the specks plotted against the number of images included in the image
average for each of the four sections of differently sized specks, for images
captured with an incrementally displaced phosphor screen and a stationary
phosphor screen. The figure-of-merit is the ratio of the signal, defined as the
negative of the sum of the digital counts in each pixel within a region of interest
around each speck after the median value of the digital counts in the pixels on the
perimeter of the region of interest has been subtracted from the digital count value
in each pixel within the region of interest, to the standard deviation of the digital
counts in each pixel on the perimeter of the region of interest. The data show that
the figure-of-merit generally increases (i.e., improves) with increasing number of
images included in the image average, and furthermore that the fi gure-of-merit
generally increases faster for the incrementally displaced phosphor screen
compared to the stationary phosphor screen. For the case of the speck group in
section H, which is comprised of the smallest specks, the data is so noisy that only
the incrementally displaced phosphor screen exhibits a marked improvement in
the figure-of-merit after a substantial number of images have been included in the
1mage average.

Figure 16 is another graphical representation of the results of
measurements of the image evaluation insert of Figure 12 acquired by the system
and method of Figures 4 to 7 in accordance with the present invention. Figure 16

shows the denominators used in the figures-of-merit plotted in Figure 15, namely

~ the standard deviation of the di gital counts in each pixel on the perimeter of the

region of interest. The data show that the standard deviation of the digital counts
in each pixel on the perimeter of the region of interest generally decreases (i.e.,
Improves) with increasing number of images included in the image average, and
furthermore that the standard deviation of the digital counts in each pixel on the
perimeter of the region of interest generally decreases faster for the incrementally
displaced phosphor screen compared to the stationary phosphor screen.

The invention has been described in detail with particular reference
to certain preferred embodiments thereof, but it will be understood that variations

and modifications can be effected within the scope of the invention.
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PARTS LIST

10 film-based radiographic or autoradiographic imaging system
20 X-ray source

30 sample object stage

40 X-ray film cassette

50 film compartment

60 phosphor screen or plate

70 support frame

80 linear motion device
90 connecting rod
95 computer control system

100  radiographic or radioisotopic imaging system
102  X-ray source

104  sample object stage

106 programmable multispectral light source

108  fiber optic bundles

110  optical compartment

114  lens and camera system

116 communication and computer control system
118  display device

120  sample environment

122  access means/member
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124  phosphor screen or plate

126  frame

128  sheet

130  linear motion device
132 connecting rod

200 — 520 steps of inventive methods

600 alumina specks

610 phosphor screen defects
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WHAT IS CLAIMED IS:

1. A system for capturing a radiographic or autoradiographic
image of an object, comprising: a support member adapted to receive the object 1n
an immobilized state;

a phosphor screen adapted to transduce 10nizing radiation from the
object to visible light;

means for capturing an image using the visible light; and

a device for moving the phosphor screen incrementally to facilitate

reduction of phosphor screen mottle.

2. The system of claim1, wherein the phosphor screen is

moved between 1image captures.

3. The system of claim 2 wherein the means for capturing an
image comprises film responsive to the visible light and the film is exposed after

each incremental movement of the phosphor screen.

4, The system of claim 1, further comprising an X-ray source
and means for turning the source on and off, wherein the phosphor screen is

moved during single image capture and the source is turned off during movement

of the screen.

. The system of claim 1 wherein the means for capturing an
image comprises a digital capture device responsive to the visible light; further
comprising means for averaging a series of individual images of the immobilized

object so as to blur phosphor screen mottle.

6. The system of claim 1 wherein the phosphor screen is
moved between image captures through a distance larger than phosphor grain size
of the screen but smaller than a difference between a physical size of phosphor

screen and a field of view of the image, so as to blur phosphor screen mottle.
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7. The system of claim 1, further comprising an X-ray source
and means for turning the source on and off, wherein the phosphor screen is
moved during single image capture and the source 1s turned off during movement
of the screen through a distance larger than phosphor grain size of the screen but
smaller than a difference between a physical size of the phosphor screen and a

field of view of the image, so as to blur phosphor screen mottle.

8. A method for capturing a radiographic or autoradiographic
image of an object, comprising:

placing the object in an immobilized state on an object stage;

capturing a series of images of the object via a phosphor screen
adapted to transduce ionizing radiation from the object to visible light; and

moving the phosphor screen incrementally to facilitate reduction of

phosphor screen mottle.

9. The method of claim 8, wherein the phosphor screen is

moved between image captures.

10.  The method of claim 8, further comprising exposing the
object to radiation from an X-ray source, moving the phosphor screen during

single image capture and turning off the source during movement of the screen.

11. The method of claim 10, wherein the phosphor screen is
moved between image captures through a distance larger than phosphor grain size
of the screen but smaller than a difference between a physical size of the phosphor

screen and a field of view of the image, so as to blur phosphor screen mottle.

12. The method of claim 8 wherein the images are captured on
film responsive to the visible light and the film is exposed after each incremental

movement of the phosphor screen.
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13.  The method of claim 8 wherein the images are captured
digitally in response to the visible light, further comprising averaging the series of
individual digital images of the immobilized object so as to blur phosphor screen

mottle.

14. The method of claim 8 wherein the phosphor screen is
moved between image captures through a distance larger than phosphor grain size
of the screen but smaller than a difference between a physical size of the phosphor

screen and a field of view of the image, so as to blur phosphor screen mottle.

15. A method for capturing multimodal images of an object,
comprising:

placing the object in an immobilized state on an object stage;

positioning a phosphor screen in an image path from the object to
transduce 10nizing radiation passing through the object to visible light;

capturing a series of images of the object using the visible light;

moving the phosphor screen incrementally to facilitate reduction of

phosphor screen mottle in the series;
removing the phosphor screen from the image path; and

capturing at least one optical image of the object.

16.  The method of claim 15, wherein the phosphor screen is

moved incrementally between image captures.

17.  The method of claim 15, further comprising exposing the
object to radiation from an X-ray source, moving the phosphor screen during

single image capture and turning off the source during movement of the screen.

18.  The method of claim 15 wherein the at least one optical

image captured may be bright-field or dark-field from luminescence and

fluorescence; and in the series, X-ray.
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19.  The method of claim 15 wherein the phosphor screen 1s
moved between image captures of the series through a distance larger than a
phosphor grain size of the screen and smaller than a difference between a physical
size of the phosphor screen and a field of view of the image, so as to blur

phosphor screen mottle.

20.  The method of claim 15, further comprising exposing the -
object to radiation from an X-ray source, moving the phosphor screen
incrementally during single image capture and turning off the source during
movement of the screen, wherein the phosphor screen is moved through a distance
larger than phosphor grain size of the screen but smaller than a difference between
a physical size of the phosphor screen and a field of view of the image, so as to

blur phosphor screen mottle.

21.  The method of claim 15 wherein the series of images 1s
captured digitally, further comprising averaging the series of individual images ot

the immobilized object so as to blur phosphor screen mottle.

22. A system for capturing multimodal images of an object,
comprising:
a support member adapted to receive the object in an immobilized

state;

a phosphor screen adapted to transduce 1onizing radiation from the
object to visible light;

multimodal means for capturing X-ray or optical images of the
object, or both;

a device for incrementally moving the phosphor screen to facilitate
reduction of phosphor screen mottle;

a device for removing the phosphor screen from the image path tfor
capturing optical images; and

means for capturing at least one optical image of the object.
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23.  The system of claim 22, further comprising an X-ray source
and means for turning the source on and off, wherein the phosphor screen 1s
moved during single image capture and the source is turned oft during movement

of the screen.

24.  The system of claim 22, wherein the phosphor screen is
moved during image capture through a distance larger than phosphor grain size ot
the screen but smaller than a difference between a physical size of the phosphor

screen and a field of view of the image, so as to blur phosphor screen mottle.

25.  The system of claim 24 wherein the phosphor screen is
moved between image captures through a distance larger than phosphor grain size
of the screen but smaller than a difference between a physical size of phosphor

screen and a field of view of the image, so as to blur phosphor screen mottle.

26.  The system of claim 22, wherein the phosphor screen 1s

moved incrementally between image captures.

27.  The system of claim 22 wherein the means for capturing

may be optical, X-ray or radioisotopic.

28.  The system of claim 22 wherein the image captured may be
bright-field or dark-field from luminescence and fluorescence, X-ray or

radioisotopic.
29.  The system of claim 22, wherein the means for capturing an
X-ray image comprises film responsive to the visible light and the film 1s exposed

after each incremental movement of the phosphor screen.

30. The system of claim 22, wherein the means for capturing an

X-ray image comprises a digital capture device responsive to the visible light; and
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means for averaging a series of individual images of the immobilized object so as

to blur phosphor screen mottle.
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