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(57) Abstract: A user interface rendered on a display of a microscopy system provides a workflow for acquiring a survey of 2D
projection images at two different angles and then uses a region of interest (ROI) tool that can move around the images to locate the
center of the rotational axis in all 3 dimensions (X, Y, Z).
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GUIDANCE FOR GEOMETRICAL AND OPTICAL MAGNIFICATION IN X-RAY
MICROSCOPE

RELATED APPLICATIONS
100011 This application claims the benefit under 35 USC 119{e) of U.S. Provisional
Application No. 63/487,110, filed on February 27, 2023, which 1s incorporated herein by

reference in 118 entirety.

BACKGROUND OF THE INVENTION

roo021  Xeray microscopy ( XRM) is a powerful imaging technique for analyzing
internal structures on the micro to nano scale. XRM systems provide high resolution
images of samples, allowing for detailed study of their properties. XRM systems use a
beam of x-rays to iluminate the samples, which is then imaged using a detector. The x-

rays are then analyzed to produce an image or projection of the sample.

ro0031  Xeray computed tomography {CT) is a non-destructive technique for inspecting
and analyzing internal structures of samples. Tomographic volume data sets are
reconstructed from a series of these projections via standard CT reconstruction algorithms,

as the samples are scanned at different angles.

(con4a1  There are a number of different configurations for x-ray CT systems. In x-ray
microscopy systems, because the x-ray sources and detectors are large and the samples or
objects being scanned are typically small, the x-ray sources and detectors are largely fixed,
while the samples are rotated in the x-rav beam, in contrast to medical CT systems in

which the patient is stationary and the sources and detector rotate around the patient.

(o051 Xeray microscopy systems are often arranged in a relatively simaple projection
geometry, in which the x-rays penetrate the sample, and the transmitted x-rays are

collected by the detector. With this setup, the geometrical magnification of the system 1s:

where, £ is the source to sample distance and the £, is the sample to detector

distance.

roooe;  To achieve high resolution, some x-ray microscopy systems further provide for

optical magnification such as with a combination of a camera, saintillator, and microscope
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objective to provide additional optical magnification v a range between 2x and 100x, or
meore. The scintilator converts the x-rays into an optical image that is magnified by the

microscope objective and then detected by the camera.

SUMMARY OF THE INVENTION

100077 A challenge in x-ray microscopy is to locate the center of the rotational axis for
the desired tomography based only on 2D projections of the sample at that location. This
challenge 13 exacerbated for X-ray microcopy systerms that support both x-ray and optical
magnifications. The desired location within the sample and size of the final tomographic
volume can be achieved in many ways, so finding the ‘best’ system setup can be an
iterative and lengthy process performed by the user. Often the system has to first be
configured at the ‘best’ system setup. Then a projection image is taken at that desired
location in order to save it in the recipe for the tomography. This process 1s called “Scout”

as the user is scouting the possible image space to get the best tomography for their needs.

100087 The present invention concerns the ability to define a region of interest and
center of rotation in a sample by acquiring a survey of 2D projection images at two, for
example, different angles and use a region of interest (ROI) tool that can move around the
images to locate the center of the rotational axis 1o all 3 dimensions (X, Y, 7). 1o the
current example, this definition is performed in a computer user interface and associated

workflow 1o a process called projection scout.

reooey  In particular, a projection scout survey scan s performed. This scan includes at
least two projections of the sample at different angles of the sample, and these projections
are used to define the location and size of a tomography withiu that survey umage without
having to physically reconfigure the system to change the tomography system setup. The
survey scans are typically a full field of view horizontally of the sample, and the
subsequent tomography(s) are placed in the survey scan using a movable ROt tool. By
moving the ROI in both images, the unique X, Y, Z location of the center of the
tomography is specified. The ROI tool can also be sized to reflect the pixel size of the
tomography desired and will change for different camera binning. This ROI location and
size are then used to determine the best optical magnification to use, and the best
geometrical magnification based on the size of the sample from a collision model. The
user can then save this to the recipe for the tomography without having to physically

change the system setup in a process call projection scout.
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roo1or  This invention also concerns the ability define a recipe by acquiring a quick
tomography of the sample and uses a ROI tool in the 31} volume planes to focate the center
of the rotational axis of the tomography. The ROI tool can also be sized to reflect the pixel
size desired in the tomography. This RO{ location and size are then used to determine the
best optical magrification to use, and the best geometrical magnification based on the size
of the sample from a colitsion model. The user can then save this to the recipe for the
tomography without having to physically change the systern setup in a process call volure

scout,

rooiit  Preferably, in the volume scout, a tomographic reconstruction ts employed.
This 1s preferably a fast tomography that can be acquired and reconstructed then viewed in
a 3D Viewer. Using RO tools in the three (3) orthogonal views, the user can move the
RO1 to any location within the field of view, and the X, Y, Z location of the center of the
tomography is thereby specified. The RO!I tool can also be sized to reflect the pixel size of

the tomography desired and will change tor difterent binning.

rooizi  In both the projection scout survey scan and the volume scout tomographic
reconstruction, multiple R{OMs can be created and moved and sized for multiple
tomographies. Once the placement and size of an RO1is completed, the optical
magnification can be determingd, and the geometric magnification can also be determined
based on the size of the sample from the sample collision envelope. I multiple optical
magnifications can be used to achieve the desired pixel size, the user is presented with
options and allowed to select. The ‘recommended’ optical magnification is preferably

determined based on system performance knowledge.

(00131 Io general, according to cue aspect, the invention features a user interface
rendered on a display of an X-ray microscopy system including a computer that processes
projection data from the X-ray-microscopy system. The user interface displaying 2D
projection images of a sample taken at two different rotational angles that are defined with
respect to a rotational axis that is perpendicular or declined to an X-ray beam generated by
an X-ray source subsystem and detected by a detector subsystem. The user interface also
displays a region of interest (ROT) tool that 1s moved by user using user interface devices
around the images to select a ROl and/or locate a center of the rotational axis of a sample

table of the X-ray microscopy systenm.
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100141 Preferably, the location and size of a tomography of the sample can be defined
without having to physically reconfigure the X-ray microscopy system to change the
tomography system setup. Moving the ROI by user using the user interface devices in the
2D projection images specifies the unique X, Y, Z location of the center of the

tomography.

100151 The selected ROT location and size are preferably used to determine a best
geometrical magnification based on the size of the sample from a collision model. The
placement and size of the ROI can be used to determine optical magnification and
geometric magnification. o particular, the center of the rotational axis is located 1w all 3

dimensions (X, Y, Z}.

00161 Also, by moving the RO in both images, the unigque X, Y, £ location of the
center of the tomography is specified. Also, sizing the ROLis used to reflect a desired
pixel size of the tomography. In addition, placement and size of the ROIis used to
determine optical magnification and geometric magnification by the by the computer
system. The ROI is then applied by the computer subsystem to the precision 3-axis stage
that translates and positions the sample along the x, v, and z axes so that sample is

positioned to the locked ROL

(00171 In general, according to another aspect, the invention features a user interface
rendered on a display of an X-ray microscopy system including a computer that processes
projection data of a sample from the microscopy system to reconstruct a tomography. The
user interface enables the acquisition of projections a sample in a volume scout mode and
enables creating, moving and sizing of multiple regions of interest for multiple
tomographies with a RO tool. In a volure scout mode, the user interface displays the
tomography along with the ROI tool in 3D volume planes to locate the center of a
rotational axis of the tomography. The rotatioval axis is perpendicular or declined to a

bean: that is generated by an X-ray source subsystem and detected by a detector subsystem.

rco181  The user interface further displays 2D projection images of a sample taken at

two different rotational angles in a projection scout mode and displays a region of interest
(RO tool that is moved by user using user interface devices around the images to select a
ROT and/or locate a center of the rotational axis of a sarmple table of the X-ray microscopy

system in the projection scout mode.
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ooy Preferably, the ROL tool 15 sizable to reflect a desired pixel size iu the

tomography. The selected ROl location and size can determine an optical magnification.

(00201 The above and other features of the invention including various novel detatls of
construction and combinations of parts, and other advantages, will now be more
particularly described with reference to the accompanying drawings and pointed out in the
claims. [t will be understood that the particular method and device embodying the
invention are shown by way of illustration and not as a limitation of the invention. The
principles and features of this ivention may be employed 1n various and numerous

embodiments without departing from the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
fcozit  Inthe accompanying drawings, reference characters refer to the same parts
throughout the different views. The drawings are not necessarily to scale; emphasis has

instead been placed upon illustrating the principles of the invention. (O the drawings:

roozzy Fig. 1is a schematic diagram of an x-ray microscopy systen: to which the

present invention 18 applied in one embodiment; and

100231 Figs. 2 through 21 show a user interface generated by the x-ray microscopy

system for display on its display device.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
100247 The invention now will be described more fully hereinafter with reference to
the accompanying drawings, in which illustrative embodiments of the invention are shown,
This invention may, however, be embodied in many different forms and should not be
construed as himited to the embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art.

100257 As used herein, the term "and/or" includes any and all combinations of one or
more of the associated listed items. Further, the singular forms and the articles "a", "an"
and "the" are intended to include the plural forms as well, unless expressly stated
otherwise. It will be further understood that the terms: includes, comprises, including
and/or comprising, when used 1n this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence

or addition of one or more other features, integers, steps, operations, elements,
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coraponents, and/or groups thereof. Further, it will be understood that when an element,
including component or subsystem, is referred to and/or shown as being connected or
coupled to another elerent, 1t can be directly connected or coupled to the other element or

intervening elements may be present.

roo261  Unless otherwise defined, all terms (including technical and scientific terms)
used heretn have the sare meaning as coromonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further understood that terms, such as those
defined 10 commonly used dictionaries, should be interpreted as having a meaning that i3
consistent with their meaning in the context of the relevaunt art and will not be interpreted

in an idealized or overly formal sense unless expressly so defined herein.

100271 Fig 1is a schematic diagram of an XRM system 200 to which the present

invention is applicable.

fcoz281  The tllustrated microscopy system 200 1s an X-ray CT system and generally
includes several subsystems. An X-ray source subsystem 102 generates a polychromatic or
possibly monochromatic X-ray beam 103. An object stage subsystem 110 with object
holder 112 bolds a sample or object 114 in the beam and positions and repositions it to
enable scanning of the sample 114 in the stationary beam 103, 105, A detector subsystem
118 detects the beam 10S after it has been modulated by the sarple. A base, suchasa
platform or optics table 107, provides a stable foundation for the microscopy system 200

and its subsystems.

i00z9)  In general, the object stage subsystern 110 has the ability to position and rotate
the sample 114 in the beam 103, In particular, an object holder or sample table 112 rotates
around its axis of rotation R, which is perpendicular or declined to the y-axis. Thus, the
object stage subsystem 110 will typically include linear and rotation stages. The Hustrated
exarple has a precision 3-axis stage 150 that translates and positions the sample along the
X, v, and z axes, very precisely but only over relatively small ranges of travel. This allows
a region of interest RO of the object 114 to be located within the beam 103/10S. The 3-
axis stage 150 is mounted on a theta stage 152 that rotates the 3-axis stage 150 around its
axis of rotation R and thus sample 114 in the beam. The theta stage 152 is in turn mounted

on the base 107,
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10301 Thus, the frame of reference or coordinate system of the 3-axis stage 150 is
related to the frame of reference or coordinate system 10 of the microscopy system 200 by

the angular position of the theta stage 152

ro0311  The source subsystem 102 will typically be either a synchrotron x-ray radiation

source or alternatively a “laboratory x-ray source” in some embodiments.

100321 Asused herein, a “laboratory x-ray source” is any suitable source of x-rays that
is not a synchrotron x-~ray radiation source. Laboratory x-ray source 102 can be an X-ray
tube, in which electrons are accelerated in a vacuum by an electric field and shot into a
target piece of wetal, with x-rays being emitted as the electrons decelerate in the roetal.
Typically, such sources produce a continuous spectrum of background x-rays combined
with sharp peaks in intensity at certain energies that derive from the characteristic lines of

the selected target, depending on the type of metal target used.

(00221 In one example, source subsystem 102 1s a rotating anode (reflective target)
type or microfocused source, with a Tungsten target. Targets that include Molybdenum,
Gold, Platinum, Silver or Copper also can be employed. Preferably a transmission-type
target configuration 15 used i which the electron beam sirikes the thin target from its

backside. The x-rays emiited from the other side of the target are used as the beam 103.

(00241 The x-ray beam generated by source subsystem 102 is often conditioned to
suppress unwanted energies or wavelengths of radiation. For exarple, undesired
wavelengths present in the beam are eliminated or attenuated, using, for instance, energy
filters {(designed to select a desired x-ray energy range (bandwidth)) held in a filter wheel
160. These energy filters typically include an 'air’ filter corresponding to no filter along
with a set of low energy filters for filtering lower energy x-rays and high energy filters for

filtering higher energy x-rays.

100351 When the object 114 is exposed to the X-ray beam 103, the X-ray photons or
particles, which propagate through the sample 114, form a modulated bears 105 that s
received by the detector subsystem 118 Optionally, an optical magnification stage
{containing at least oue objective lens) 1s used to form an timage onto the detector

subsystem 118 of the microscopy system 200,

100361 Typically, a geometrical and/or optical magnified projection image of the object

114 1s formed on the detector subsystem 118, The geometrical magmfication of the x-ray
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stage is equal to the woverse ratio of the source-to-object distance 202 and the source-to-

detector distance 204.

(00271 To achieve high resolution, an embodiment of the x-ray CT system 200 further
utilizes several optical objectives offering different optical magnifications. In one
example, the detection system includes a very high resolution detector 124-1. In one
exarple, this high-resolution detector 124-1 has carsera, a scintillator, and a microscope
objective to provide additional optical magnification in a range between 0.4x and 100x, or
more. The scintiflator converts the x-rays into an optical image that is then magnified by

the microscope objective and then detected by the camera.

100387 Other detectors are often included as part of the detector subsystem 118, For
exarmple, the detector subsystem 118 can include a lower resolution detector 124-2. This
could be a scintillator and flat panel detector or a camera with a lower magnification
microscope objective, in examples. Configurations of one, two, or even more detectors 124

of the detector subsystem 118 are possible.

100391 Preferably, the two or more detectors 124-1, 124-2 are mounted on a turret 122
of the detector subsystern 118, so that they cau be alternately rotated into the path of the

modulated beam 105 from the sample 114

rco401  Typically, the source subsystern 102 and the detector subsystem 118 are
mounted on respective z-axis stages. For example, o the illustrated example, the source
subsysten 102 is mounted to the base 107 via a source stage 154, and the detector
subsystem 118 1s mounted to the base 107 via a detector stage 156, To practice, the source
stage 154 and the detector stage 156 are lower precision, high travel-range stages that
allow the source subsystem 102 and the detector subsystem 118 to be moved into position,
often very close to the object during scanning and then be retracted to allow the object to
be removed from, a new object to be loaded onto, and/or the object to be repositioned on

the object holder 112 of the object stage subsystem 110

fco4:t  The present microscopy system 200 has an optical camera 210 such as a video
camera that collects timage data of the sample 114 held in the object holder or saruple table
112, This camera is typically mounted directly or indirectly to the system base 107 viaa
mounting systern 215, such as a bracket. Typically, optical camera 210 collects the images
in the visible portion of the spectrum and/or in the adjacent spectral regions such as the

infrared. Usually, the optical camera 210 has a CCD or CMOS image sensor. Also
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cluded 15 a light source 212 that iluminates the object in the spectral regions employed

by the optical camera.

(00421 The operation of the microscopy system 200 and the scanning of the object 114
is controlled by a computer subsystem 224 that often includes an image processor 220 and

a controlier 222,

100437 The computer systerm 224 includes one or more processors 260 along with their
data storage resources such as disc or solid-state drives, and memory MEM. The
processors 260 execute an operating system 262 and various applications run on that
operating system 262 to allow for user control and operation of the microscopy system
200. Particularly, a user interface application 250 executes on the operating system 262
and generates a user interface that is rendered ouv a display device 236 connected to the
computer subsystem 224. The user interface enables the operator to control the system and
view projection images and tomographic reconstructions. User input device(s} 235 such as
a touch screen, computer mouse, and/or keyboard enable interaction between the operator
and the computer subsystem 224, A collision avoidance app 252 allows the user to define
the physical extent of the sample 114 and then monitors the movement of the x-ray source
subsystem 102, the object stage subsystern 110, and the detector subsystem to ensure that

the subsystems do not collide with the sample 114

ro0441  The controller 222 allows the computer subsystem 224 to control and manage
components in the X-ray CT microscope 200 under software control. The controller might
be a separate computer system adapted to handle realtime operations or an application
program executing on the processor 260. The source subsystern 102 includes a control
wnterface 130 allowing for its control and monttoring by the controlier 222, Sirotlarly, the
object stage subsystem 110 and the detector subsystem 118 have respective control
mnterfaces 132, 134 for allowing for their control and monitoring by the computer

subsystem 224 via the controller 222.

(00451 To configure the microscopy systern 200 to scan the saraple and to adjust other
parameters such as the geometrical magnification, the operator utilizes the user interface
rendered on the display device 236 and generated by the user interface application 250 to
first define the sample using the collision avoidance app 252, Then, the user can safely

adjust the source-to-object distance 202 and the source-to-detector distance 204 by
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respective operation of the source stage 154 and detector stage 156 to achieve the desired

scanning setup.

(o461 Specifically, the source stage 154 and detector stage 156 include respective
motor encoder systems or other actuator systems that allow the computer system 224 via
the controller 222 to position the respective x-ray source subsystem 102 and the detector
subsystem 118 to specified positions via the cootrol uterfaces 130, 134, Further, the

source stage 154 and detector stage 156 signal the controller 222 of their actual positions.

(00471 The operator of the system under automatic conirol operates the object stage
subsystery 110 to perform the CT scan via computer subsystem, the controller 222 and the
control interfaces 130, 132, 134, Typicaily, the object stage subsystem 110 will position
the object by rotating the object about an axis that is orthogonal to the optical axis of the x-
ray beam 103, 105 by controlling the theta stage 152 and/or position the sample in the x, vy,

z axes directions using stage 150

ro0481  Using the user interface rendered on the display device 236 by the user interface
app 250, the operator defines/selects scanning set up including the scanning setup and
acquisition parameters via the Ul devices 235, These acquisition parameters include x-ray
source voltage settings that help to determine the X-ray energy spectrum and exposure time
and number of frames on the X-ray source subsystem 102, The operator also typically
selects other settings such as the field of view of the X-ray beam 103 incident upon the
sample 114, the number of X-ray projection images to create for the samaple 114, and the
detector 124-1, 124-2 selected. Generally, the acquisition parameters inchude X-ray source
voltage, X-ray source filtration, camera exposure time, number of frames, and overall
nurmber of projections and the scanning setup includes the angles to rotate the sample by
the stage subsystem 110. In addition, the source-to-object distance 202 and the source-to-
detector distance 204 are often specified and these are converied to the necessary positions

or settings for the source stage 154 and detector stage 156 as part of the scanning setup.

(00491 In addition, the user interface 250 implements two workflows for assisting the
user in scanning setup for tomographic acquisitions. YVolume scout 254 guides the user in
the acquisition of a tomography of sample and then displays the tomography along with a
ROT ool in 3D volume planes to locate the center of the rotational axis of the tomography.
Projection scout 2506 provides for a workflow including displaying 2D projection images at

two different angles and displaying a region of interest (ROI) tool that can move around

10
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the images to detfine a ROI and/or locate the center of the rotational axis o all 3

dimensions (X, Y, Z}.

(o)
O
ot

01 Operation and worktlow:

~

roo511  Fig. 2 shows the user interface 500 generated by the user interface app 250
executing on the operating system 262 of the computer system 224 and typically rendered

on the display device 236.

100521 Here, the user interface SO0 enables the user to select between a projection

scout mode by selection of button 302 or a volume scout mode by selection of button 304,

fco521  Fig 3 shows the user interface 500 in response to user selection of the
projection scout mode implemented by the projection scout app 256 of the user iuterface
250.

100547  Acquisition settings are displayed in an acquisition setup region 350 acquisition
taly 322 of the user interface 500. There the user can specity the source filter 306, source
voltage 308, source power 310, detector (flat panel is shown as selected) 312, binning 314,
exposure per frame 316, number of frames 319, and total exposure time 320,

roo551 I the user has just generated the sample collision envelope and indicated the
height of the sample to scan, the user interface 500 displays the seftings necessary to create
a full field of view (FOV) survey view,

fcoser I a sample collision is present, the option to 'Go To Positions’ Ul button 352
can be selected that will change the system setup to the survey view settings automatically.

(00571 As shown in Fig. 4, the user can then acquire the first survey view in viewpori

100587 Here the motion control tab 324 has been selected. A sample X position control
328, sample Y position control 330, sample Z position control 332, sample theta conirol
334, source position control 336, and detector position control 338 are displayed in the tab

for setling positions.

100591 The user can switeh to viewport B 356, change the theta rotation of the sample

and acquire a second survey view.

rooecy  If the two survey views are sufficiently different in angles, the ROT tool Ul

button 358 becomes availlable to select.

11
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rco611  Inthe user interface 500, the ROI tool Ul button 358 now active,

icoszy  Fig 5 shows the user interface 500 with the ROl to0l 360 displayed in each of

viewport A 354 and viewport B 356 upon selection of the ROI tool Ul button 358.

(00631 For each tomography in the recipe, the ROI tool 360 will appear on the screen
at the location and size of the tomography. The RO1 tool is moved and sized in gither
viewport A 354 and/or viewport B 356 by the user manipulating a displayed mouse pointer
asing the Ul device(s) 230, In response, the user interface updates the other view to match

the new location.

(00641 When the user resizes the RO tool, the updated pixel size, FOV, and binning

displayed inset 362 in each view.

rooes1  Multiple ROIs can be displayed, representing the different tomographies, and

can be color-coded for easier identification.

icoe6t A tomography can be ‘locked’ so the RO cannot be moved or sized. The RO
is then applied by the computer subsystem 224 to the precision 3-axis stage 150 that
translates and positions the sample along the x, v, and z axes so that sample is positioned to

the locked ROL

100671 As shown in Fig 6, if the survey view does not include the position of a
tomography from the recipe, an arrow 1n the user interface 500 indicating the location of

that tomography will be displayed to the user.

(00688}

Also, if a tomography 18 not within the survey view, the user has the option to
move it 1o the center of the Survey view automatically by selecting box 364 associated
with each of viewport A 354 and viewport B 356,

rooe9;  Fig 7 shows the ROT tool to Zoom Tool.

rco701  The ROT location and size can be used to select the optimum objective
magnification and determine the safe yet fastest geometric magnification that can be used
tfor that tomography by selecting Ul button 366.

roo71l When in volume scout mode implemented by the volume scout 254 app of the
user interface 250, the user can choose to collect a “Quick Tomo™ of the sample in order to
determine where to run subsequent tomographies. For some samples, it 18 just better to

visualize the interior in 3D rather than 2D,

12
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100721 The user can select to acquire a new quick tomography or load a priot
tomography to display and locate subsequent tomographies as illustrated in Fig. 8 1in

transifioning to volume scout.

(00731 As shown in Fig. 9, the user can use the visual light camera 210 to select where
to center the quick tomography. In the illustrated mode, the user interface 500 includes an
optical camera pane 318, This displays the current tmage data received from the optical

camera 210.

(00741 Preferably, the size of the sample has been entered into the system. Thus, the
systern can move stages and select the best objective or flat panel to use to scan the tull

sample at the desired location as shown in Fig. 10.

100751 The user interface SO0 enables the user to set the time to spend acquiring the
quick tomography among a set of radio buttons 340, For smaller, simpler samples, a fast
tomography 1s sufticient, but for bigger or more complicated samples, more time 18 likely

necessary. This is shown in Fig 11

(00761 As shown in Fig. 12, after moving the system to the quick tomography
positions, the user can confirm that the sample 1s in the correct location and can modify the

posttions if necessary.

(00771 A reference scan is necessary for all tomographies, including the quick
tomography. The sample needs to be moved out of the field of view, and the user has to
pick an axis option {direction {+/-} and orientation (XY or Z}} one that actually moves the

sample far enough to be completely out of the tomography field of view.

rco781  As shown in Fig. 13, the user can select an option it the user is confident that
the sample will move far encugh. Alternatively, the user can select that the sample is too
large to be moved by one of the sample stages, in which case, the systemn will promupt the
user to remove the sample from the sample stage in order to acquire the reference scan.
The user can ask for help in determining which direction to move and the system will
guide the user by moving through the possible positions and take a reference at each

{ocation until the user finds a direction that will be successful.

(00791 As shown in Figs. 14 and 15, parameter guidance for the quick tomography
automatically takes a series of reference corrected 2D projections of the sample and will

select the best x-ray source voltage (kV) and source filter to use for the quick tomography.

13
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10001 As shown in Fig. 16, the Parameter Guidance will then determine the exposure

per frame to use for the quick tomography.

rooe1l  Parameter Guidance will then determine the rest of the quick tomography
acquisition parameters based on the exposure per frame and how much total time the user

wanted to spend acquiring the quick tomography, as shown in Fig. 17

100821 As shown in Fig. 18, the Quick Tomo is acquired and reconstructed and the full
tomography loaded into a 3D Viewer where the user can view the volume in all 3 axial

planes (XY, XZ, and YZ) plus a 3D render of the volume.

[coe21  As shown in Figs. 19 and 20, the system then creates one or more color-coded
RQOs 380, 382, 384 in the 3D volume planes, each adjustable in location and in size which
will determine where to acquire subsequent tomographies and at what field of view for the

tomographies.

rcoe4t  These ROIs 380, 382, 384 are labeled as “Volume Scout’” or "V’ tomographies

to distinguish themselves from any 2D projection scout tomographies.

(00851 As shown in Fig. 21, for each VS tomography, the best objective to use can be
determined based on the size of the FOV and the sample geometry. In addition, the ROl is
then applied by the computer subsystem 224 to the precision 3-axis stage 150 that
translates and positions the sample along the x, v, and z axes so that sample is positioned to
the selected ROL

(00861 While this invention has been particularly shown and described with references
to preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be rade therein without departing from the scope

of the invention encompassed by the appended claims.

14
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CLAIMS

What is claimed is:

1. A user interface rendered ou a display of an X-ray microscopy system including
a computer that processes projection data from the X-ray-microscopy system, the
uset interface:
displaving 2D projection images of a sample taken at two different rotational
angles that are defined with respect to a rotational axis that s perpendicular
or declined to an X-ray beam generated by an X-ray source subsystem and
detected by a detector subsystem; and
displaying a region of interest (ROI} tool that s moved by user using user
interface devices around the images to select at least one RO and/or locate
a center of the rotational axis of a sample table of the X-ray microscopy

systermn.

2. The user interface as claimed in claim 1, wherein the location and size of a
tomography of the sample can be defined without having to physically reconfigure
the X-ray microscopy system to change the tomography system setup and after
definition, the location and size 1s then applied to a 3-axis stage that translates and
positions the sample along the x, v, and z axes so that sample is positioned

according to the location and size

3. The user interface as claimed in any of claims 1-2, wherein moving the RO1 by
user using the user interface devices in the 2D projection images specifies the

unique X,Y,7Z location of the center of the tomography.

4. The user interface as claimed in any of claims 1-3, wherein using the selected
ROI location and size to determine a best geometrical magnification based ou the

size of the sample from a collision model.

5. The user interface as claimed in any of claims -4, wherein placement and size

of the ROI is used to determine optical wagnification and geometric magnification.

6. The user interface as claimed in claim 1, wherein the center of the rotational axis

is located in all 3 dimensions (X, Y, Z).

15
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7. An X-ray microscopy system, coraprising
an X-ray source subsystem of generating X-rays;
an object stage subsystem for holding a sample 1n the X-rays, wherein the object
stage has a rotation axis and is movable in x, y, z directions;
a detector subsystem for detecting the X-rays after interaction with the sample;
and
a computer for receiving projections from the detector subsystem and generating

a user interface according to any of claims -6,

8. A user interface rendered on a display of an X-ray microscopy system including
a computer that processes projection data of a sample from the microscopy system
to reconstruct a tomography, the user interface:
enabling the acquisition of the tomography of sample;
enabling creating, moving and sizing of one or roore regions of 1uterest for
multiple tomographies with a ROl tool; and
displaying the tomography along with the ROI tool in 3D volume planes to
locate the center of the tomography, wherein the RO of the sample is
moved to the rotational axis that 18 perpendicular or declined to a beam
generated by an X-ray source subsystem and detected by a detector

subsystem.

9. The user interface as claimed in claim 8, wherein the ROl tool 1s sizable to

reflect a desired pixel size in the tomography.

10. The user interface as claimed in any of claims 8-9, further comprising using the

selected RO location and size fo determine an optical magnification.

t1. The user interface as claimed in any of claims 8-10, further comprising using
the selected ROT location and size to determine a best geometrical magnification

based on the size of the sample from a collision model.

12. The user interface as claimed in any of claims 8-11, enables the user to confirm
that the sample 15 in the correct location and enables the user to modify the

focation.

16
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13, An X-ray microscopy system, comprising:
an X-ray source subsystem of generating X-rays;
an object stage subsystem for holding a sample 1n the X-rays, wherein the object
stage has a rotation axis and is movable in x, y, z directions;
a detector subsystem for detecting the X-rays after interaction with the sample;
and
a computer for receiving projections from the detector subsystem and generating

a user interface according to any of claims 8-12.
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