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(57) ABSTRACT

In some embodiments, an apparatus comprises: a stage move-
able on first and second axes; a material removal tool move-
able on a third axis; a linear slide and a guide parallel to the
third axis; a mount for an imaging device coupled to the linear
slide using carriages; an armature coupled to the material
removal tool and the guide that moves the guide along the
third axis with the tool; a locking device for fixing the mount
along the guide; and a processor that: (a) move a sample to a
material removal position; (b) cause the tool to remove a first
thickness of the sample along the third axis; (¢) move the
sample to an imaging position located at a predetermined
location with respect to the mounting block; and repeating (a)
through (c) until a second thickness of the sample has been
removed.
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1
APPARATUSES AND METHODS FOR SERIAL
SECTIONING AND IMAGING

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application No. 61/617,559, filed Mar. 29, 2012,
which is hereby incorporated by reference herein in its
entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support under
Award No. 1028768 awarded by the National Science Foun-
dation (NSF). The government has certain rights in the inven-
tion.

TECHNICAL FIELD

The disclosed subject matter relates to apparatuses and
methods for serial sectioning and imaging.

BACKGROUND

Scientists and others are often interested in determining
features of a sample of material that are inaccessible by
merely examining the surface of the sample. For example, a
sample may contain: fossils, mineral deposits, fracturing,
vesicles and/or other microscopic and macroscopic features
that a scientist may be interested in observing in greater
detail. For example, a scientist may be interested, in the
three-dimensional structure or a three-dimensional spatial
distribution of features of the sample. There are generally
non-destructive and destructive techniques for examining
otherwise inaccessible features of a sample. For example,
non-destructive techniques can include X-ray imaging such
as X-ray computed tomography (CT) and X-ray microscopy
techniques that can be used to determine some interior fea-
tures of samples. However, these techniques are generally
limited in their ability to differentiate between objects of
similar density and/or similar mineralogy, among other short-
comings.

Destructive techniques, on the other hand, are often time
consuming and imprecise when performed manually, or lim-
ited to examining only a limited field of view of microstruc-
ture in a sample when performed automatically.

Accordingly, new apparatuses and methods for serial sec-
tioning are desirable.

SUMMARY

Apparatuses and methods for serial sectioning and imaging
are provided. In accordance with some embodiments of the
disclosed subject matter, apparatuses for serial sectioning and
imaging are provided, the apparatuses comprising: An appa-
ratus for serial sectioning, the apparatus comprising: a mate-
rial removal tool moveable on a first axis; a bed moveable on
a second axis and third axis, wherein the first axis and second
axis are perpendicular, and wherein the third axis is perpen-
dicular to both the first axis and second axis; a linear slide
positioned substantially parallel to the first axis; a guide posi-
tioned substantially parallel to the first axis; a mounting block
configured to be coupled to an imaging device, the mounting
block coupled to the linear slide using one or more carriages;
an armature coupled to the material removal tool and the
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guide, such that the guide moves along a direction parallel to
the first axis in a fixed relationship with the material removal
tool; a locking device that fixes a position of the mounting
block at a particular location along the length of the guide;
and a hardware processor that is configured to: (a) cause the
bed to be moved to a material removal position in a plane
defined by the second axis and third axis; (b) cause the mate-
rial removal tool to remove a first predetermined thickness of
a sample mounted to the sample table along the first axis; (c)
cause the bed to be moved to an imaging position in the plane
defined by the first axis and second axis such that the center of
the bed is located at a predetermined location with respect to
the mounting block; and (d) repeating (a) through (c¢) until a
second predetermined thickness of the sample has been
removed.

In accordance with some embodiments of the disclosed
subject matter, methods for serial sectioning and imaging are
provided, the methods comprising: (a) fixing a position of an
imaging device along a first axis defined by a guide based on
a working distance of the imaging device, wherein the guide
is coupled to a material removal tool; (b) fixing a distance
between the imaging device and a surface of a sample; (c)
causing, using at least one hardware processor, the sample to
be moved to a material removal position in a plane defined by
a second axis and a third axis that are both perpendicular to
the first axis; (d) causing, using the at least one hardware
processor, the material removal tool to remove a first prede-
termined thickness of the sample along a first axis direction;
(e) causing, using the at least one hardware processor, the
sample stage to be moved to an imaging position in the plane
defined by the second axis and third axis such that the center
of the sample is located at a predetermined location with
respect to the imaging device; (f) causing, using the at least
one hardware processor, the imaging device to capture an
image of a newly revealed surface of the sample; (g) repeating
(c) through (f) until a second predetermined thickness of the
sample has been removed.

BRIEF DESCRIPTION OF THE DRAWINGS

Various objects, features, and advantages of the disclosed
subject matter can be more fully appreciated with reference to
the following detailed description of the disclosed subject
matter when considered in connection with the following
drawings, in which like reference numerals identify like ele-
ments.

FIG. 1 shows an example of a perspective view of an
imaging assembly in accordance with some embodiments of
the disclosed subject matter.

FIG. 2 shows an example of a perspective view of a imag-
ing device and imaging device housing in accordance with
some embodiments of the disclosed subject matter.

FIG. 3 shows an example of another perspective view of an
imaging assembly and a sample preparation assembly in
accordance with some embodiments of the disclosed subject
matter.

FIG. 4 shows an example of a perspective view of an
imaging assembly and a sample preparation assembly
coupled to a serial sectioning apparatus in accordance with
some embodiments of the disclosed subject matter.

FIG. 5 shows an example of a process for serial sectioning
and imaging in accordance with some embodiments of the
disclosed subject matter.

FIG. 6 shows an example of a schematic diagram of a
system for serial sectioning and imaging in accordance with
some embodiments of the disclosed subject matter.
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DETAILED DESCRIPTION

Apparatuses and methods for serial sectioning and imaging
are provided. In accordance with various embodiments,
mechanisms which can include apparatuses and methods for
serial sectioning and imaging are provided.

In some embodiments, mechanisms for serial sectioning
and imaging can be used to capture images of a surface of a
sample, such as stone (e.g., composed of minerals), metals,
alloys, concrete, organic matter, or any other suitable mate-
rial, as surface layers of the sample are successively removed.
A sample may sometimes be referred to as a specimen. Infor-
mation from these captured images can be used to create a
three-dimensional reconstruction of the sample, and can
include both macroscopic features of the sample, as well as
microscopic features of the sample.

In some embodiments, a serial sectioning apparatus can
include a computer numerical control (CNC) material
removal tool such as a surface grinder, which can be used to
successively remove thin layers of material from the sample
(e.g., layers on the order of microns). After a predetermined
thickness of material is removed, in some embodiments, an
imaging device such as a Medium Format image sensor can
be used to capture an image of the surface using a lens that
projects a macro image (e.g., an image with a ratio of at least
oneto one between the image and the object that is the subject
of'the image) on an image sensor. This is merely an example,
and any suitable image sensor (such as image sensors sensi-
tive to visible light, infrared light, high energy radiation such
as X-rays, gamma rays, etc.) and/or lens combination can be
used to capture an image of the sample.

In some embodiments, a position of the imaging device
with respect to a surface of the sample to be imaged can be
determined prior to performing sectioning and imaging of the
sample using the mechanisms described herein. For example,
if the imaging device includes an image sensor and a lens, the
imaging device can be positioned at an appropriate distance
from the sample and/or the lens can be adjusted to provide a
properly focused image on the image sensor. An appropriate
distance between the imaging device and the surface of the
sample is sometimes referred to herein as a working distance.

In some embodiments, a working distance can be main-
tained between the imaging device and the surface of the
sample as the thickness of the sample is reduced by the serial
sectioning apparatus. This distance can be maintained by
coupling the imaging device to the serial sectioning apparatus
by a mechanical link that allows movement of a surface
grinder (or other material removal tool) in a first axis direction
to be translated to the imaging device, which can be config-
ured to move freely along a slide that is also coupled to the
serial sectioning apparatus. This can allow the imaging device
to move synchronously with the level of the surface grinder as
it successively removes layers of the sample, which can keep
the imaging device a substantially constant distance from the
sample surface after each successive layer is removed.

FIG. 1 shows an example of a perspective view of an
imaging assembly 100 for a serial sectioning and imaging
apparatus in accordance with some embodiments of the dis-
closed subject matter. As illustrated, imaging assembly 100
can include a rail 102 for supporting and/or aligning other
components of imaging assembly 100 with respect to a serial
sectioning device. Rail 102 can include one or more rails of
any suitable construction. For example, rail 102 can be com-
prised of metal extrusions with grooves for coupling compo-
nents. In a more particular example, rail 102 can include
extruded aluminum rails coupled to one another with steel
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brackets. In some embodiments, rail 102 can be coupled to a
serial sectioning apparatus, as described below in connection
with FIG. 4.

In some embodiments, a linear slide 104 can be coupled to
rail 102. Linear slide 104 can be any suitable hardware that
enables linear movement of a camera assembly along the
same axis as a sectioning axis of the serial sectioning appa-
ratus (e.g., the first axis). For example, linear slide 104 can
include one or more exterior grooves along which a carriage,
or the like, can move along the length of linear slide 104. As
another example, linear slide 104 can include one or more
interior grooves along which a carriage, or the like, can move
along the length of linear slide 104. As yet another example,
linear slide 104 can include exterior surfaces along which a
carriage, or the like, can move along the length of linear slide
104. These examples are given for illustrative purposes, and
are not intended to be limiting.

In some embodiments, linear slide 104 can be coupled to
rail 102 using one or more slide brackets 106. Slide brackets
106 can be secured to rail 102 and slide 104 using any suitable
technique(s). By coupling the linear rail to slide brackets 106
and coupling slide brackets 106 to rail 102 independently, the
position of slide brackets 106 can be adjusted to ensure that
linear slide 104 is substantially perpendicular to a top surface
110 of a sample 108 that is subject to a serial sectioning
process. In some embodiments, sample 108 can be secured to
a sample mounting plate 109, as described below in connec-
tion with FIG. 4.

In some embodiments, a tram and a leveling block can be
used to align slide brackets 106 and/or linear slide 104 such
that an axis of linear slide 104 and a plane of top face 110 of
sample 108 are substantially perpendicular. After aligning
slide brackets 106, hardware used to couple slide brackets
106 to linear slide 104 and/or rail 102 can be tightened to
maintain the alignment between linear slide 104 and top
surface 110. This perpendicular alignment relationship can be
maintained with any suitable degree of accuracy. In one par-
ticular example, the alignment of linear slide 104 to top sur-
face can be set within 2.5 micrometers (sometimes written as
microns, |, or um herein) of perpendicular at over the entire
length of linear slide 104, although this is just an example and
any suitable degree of accuracy can be used.

In some embodiments, camera mounting assembly 130 can
be coupled to linear slide 104 using one or more carriages 112
which can move along the length of linear slide 104. Each
carriage 112 can include any suitable components for provid-
ing movement along linear slide 104. For example, carriage
112 can include ball bearings or roller bearings that provide
points of contact between carriage 112 and a groove and/or
surface of linear slide 104. As a more particular example,
linear slide 104 and carriage 112 can include a 500 Series Ball
Spacer Linear Guide available from Thomson Linear, a brand
of Danaher Motion of Wood Dale, I11.

In some embodiments, camera mounting assembly 130 can
include a carriage plate 132 coupled to one or more carriages
112, which can allow movement of carriage plate 132, and
hence camera mounting assembly 130, along the length of
linear slide 104. In some embodiments, carriage plate 132 can
be a steel plate machined to form appropriate connection
points, or the like, for connection to one or more carriages 112
and other components of camera mounting assembly 130.

In some embodiments, as shown in FIG. 1, camera mount-
ing assembly 130 can further include a mount neck 134. A
first end of mount neck 134 can be coupled to carriage plate
132 such that mount neck 134 extends perpendicular to a
surface of carriage plate 132. The first side of mount neck 134
can be coupled to carriage plate 132 using any suitable tech-
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nique(s), such as by welding, with fasteners, etc. Mount neck
134 can have any suitable dimensions such that an imaging
axis of an imaging device (such as a camera) can be disposed
over an imaging position of sample 108.

In some embodiments, a mounting plate can be coupled to
a second side of mount neck 134. As illustrated in FIG. 1, the
mounting plate can include a rear mount plate 136 and a front
mount plate 138. Rear mount plate 136 can be coupled to
mount neck 134 using any suitable techniques (e.g., welding,
using fasteners, etc.).

In some embodiments, front mount plate 138 can be
coupled to rear mount plate 136 such that a relative position
between rear mount plate 136 and front mount plate 138 can
be adjusted. For example, front mount plate 138 can be
coupled to rear mount plate 136 using a mechanical connec-
tion, whereby a front mount plate key (not shown) can be
loosened to allow movement between the rear mount plate
136 and front mount plate 138. Such a front mount plate key
can be tightened to fix and/or lock a relationship of front
mount plate 138 and rear mount plate 136 with respect to each
other. In some embodiments, the relationship between front
mount plate 138 and rear mount plate 136 can be changed to
adjust a position and/or orientation of an imaging device with
respect to a sample. Additionally, these adjustments can be
fine adjustments (e.g., on the order of microns) and can be
made using a tram, or the like.

In some embodiments, a mount 140 can be coupled to front
mount plate 138 for mounting an imaging device to be used
with imaging assembly 100. In some embodiments, mount
140 can include atleast two parts, a first side of mount 140 can
be coupled to front mount plate 138, and the first side can be
configured to receive a second side of mount 140 that is
coupled to an imager. Any suitable mounting techniques can
be used in mount 140 for mounting the imaging device. For
example, a mount that allows for an imaging device, such as
a camera, to be attached and detached from camera mounting
assembly 130 without tools can be used. In a more particular
example, the first side of mount 140 can include a female
dovetail that is configured to receive a male dovetail, and the
second side of mount 140 can include a corresponding male
dovetail. In another particular example, mount 140 can
include a female side and a male side of a bayonet-type
mount, or the like.

In a more particular example, the male dovetail and the
female dovetail can be loosely fit and it can be determined
whether an imaging axis of the imager (e.g., an optical axis of
a camera) is at a proper angle with respect to top surface 110
of sample 108. When it is determined that a position of the
imaging device is properly aligned with top surface 110 of
sample 108, the position of the imaging device can be fixed by
fixing the relationship of front mount plate 138 and rear
mount plate 136 (as described above) and/or by fixing a
position of the female dovetail-male dovetail connection.

In some embodiments, a distance between top surface 110
and mount 140 can be adjusted using a guide 150. Guide 150
can be disposed parallel to slide 104 and can be coupled to
carriage plate 132 by a dado (e.g., a groove) in one side of
carriage plate 132. A position of carriage plate 132, and
therefore of camera mounting assembly 130, along guide 150
can be fixed using a positioning pin 152 disposed through a
portion of carriage plate 132. Positioning pin 152 can include
any suitable hardware for fixing a position of carriage plate
132 with respect to guide 150. For example, guide 150 can
include set holes into which positioning pin 152 can be
inserted. In such an example, positioning pin 152 can be
threaded (e.g., positioning pin 152 can be a threaded screw,
bolt, etc.) that can be received by suitable threading in the set
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holes of guide 150. Alternatively, positioning pin 152 can be
substantially smooth and can be inserted into set holes of
guide 150 and maintained in position by a bias (e.g., a spring,
gravity, etc.). As another example, guide 150 may not include
set holes, and a position of carriage plate 132 can be main-
tained by positioning pin 152 causing a position of carriage
plate 132 along guide 150 to be fixed by friction. As different
imaging devices may be coupled to mount 140, and these
different imaging devices may have different working dis-
tances (e.g., focal lengths, or the like) from sample 108,
positioning of carriage plate 132 at different points along
guide 150 allows for different imaging devices with different
working distances to be used without otherwise changing the
construction of camera mounting assembly 130.

In some embodiments, guide 150 can be coupled to a
translational armature 160. Any suitable technique(s) can be
used to couple guide 150 and translational armature 160. For
example, guide 150 can be secured in a slot(s) of translational
armature 160. Translational armature 160 can in turn be
coupled to the serial sectioning apparatus such that movement
of' the serial sectioning apparatus in a direction parallel to an
axis of linear slide 104 (e.g., moving in a first axis direction)
causes a corresponding movement of guide 150 of the same
magnitude in the same direction. The axis of linear slide 104
is sometimes referred to herein as a first axis direction for ease
of'explanation, and is not intended to denote a direction with
respect to gravity or any other fixed frame of reference. As
described above, a position of camera mounting assembly
130 can be fixed with respect to guide 150. Therefore, trans-
lational armature 160 can translate motion of the serial sec-
tioning apparatus (in a first axis direction) to camera mount-
ing assembly 130, by the fixed relationship of guide 150 and
carriage plate 132.

In some embodiments, translational armature 160 can be
coupled to linear slide 104 by one or more carriages 112 (not
shown), which can be similar in construction to carriages 112
coupled to carriage plate 132. Additionally, translational
armature 160 can be coupled to a serial sectioning apparatus
by a translational bridge (described in connection with FIG.
3), and a track 170. Track 170 can be coupled to a spindle
housing and/or a wheel housing (described below in connec-
tion with FIG. 4), or the like, of the serial sectioning device by
one or more spacers 172, such that a position of track 170 with
respect to the spindle housing and/or wheel housing is fixed.
For example, movement of track 170 can be in the same
direction and of the same magnitude as movement of the
spindle housing and/or wheel housing, such that as the
spindle housing and/or wheel housing moves in first axis
direction, track 170 moves in the same direction and moves
the same amount.

In some embodiments, a connection between the transla-
tional bridge and track 170 can be made through a bearing, a
carriage, or the like, such that, track 170 can move in a
direction perpendicular to the first axis direction (e.g., in a
second axis direction) under the translational bridge without
movement in the same direction of the translational bridge. In
cases where the spindle housing and/or wheel housing can
move in two-dimensions (e.g., in both the second axis direc-
tion and a third axis direction), an additional track can be used
such that the spindle housing and/or wheel housing can move
in the plane defined by the second axis and third axis without
movement of the translational bridge or translational arma-
ture 160 in the second axis-third axis plane.

FIG. 2 shows an example of a perspective view of an
imaging device 200 (of which an image sensor 202 is hidden,
but is illustrated in, for example, FIG. 1) within an imaging
device housing 210 in accordance with some embodiments of
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the disclosed subject matter. In some embodiments, for
example as shown in FIG. 1, imaging device 200 can be
mounted to camera mounting assembly 130 without enclos-
ing imaging device 200 in imaging device housing 210.

In some embodiments, imaging device 200 can include any
suitable imaging device for performing any suitable imaging.
For example, imaging device 200 can include hardware and/
or software for performing optical imaging, X-ray fluores-
cence imaging, X-ray diffraction imaging, cathodlumines-
cence imaging, infrared imaging, gamma radiation imaging,
alpha radiation imaging, surface reflectivity imaging, and/or
any other suitable imaging.

In some embodiments, imaging device 200 can include an
image sensor 202 (as shown in FIG. 1) and an imaging optics
assembly 204. Image sensor 202 can be any suitable image
sensor, such as a charge-coupled device (CCD)-type image
sensor, a complimentary metal-oxide-semiconductor
(CMOS)-type image sensor, or any other suitable image sen-
sor, and can include an image sensor housing that encloses the
image sensor and any other suitably circuitry used for gener-
ating images. Further, image sensor 202 can include any
suitable number of pixels and can be in any suitable format
(e.g., size, aspect ratio, etc.). For example, image sensor 202
can include one million pixels, two million pixels, ten million
pixels, or any other suitable number of pixels. Similarly,
image sensor 202 can be any suitable format, such as 7.6 mm
by 5.7 mm, NIKON 1/CX (e.g., 13.2 mm by 8.8 mm), APS-C
format (e.g.,22.2 mm by 14.8 mm), 35 mm full frame (e.g., 36
mm by 24 mm), Medium Format (e.g., 50.7 mm by 39 mm),
a larger format (e.g., over 50.7 mm by 39 mm), or any other
suitable format. In some embodiments, different optics and/
or different focal lengths can be used to use the full extent of
the image sensor.

In some embodiments, imaging optics assembly 204 can
include one or more lenses, such as an objective lens and any
other lenses for focusing, reducing aberrations, or any other
suitable lenses. Imaging optics assembly 204 can further
include a focusing mechanism such as a focus ring, a dia-
phragm, or any other suitable optical elements. In some
embodiments, a macro lens can be used such that an image of
sample 108 produced on image sensor 202 is reproduced at a
ratio of at least one to one with the physical size of sample
108. For example, using a 120 mm macro lens and a Medium
Format image sensor, a 60 mm by 45 mm field of view can be
captured at a ratio of approximately one to one.

In some embodiments, image sensor 202 and imaging
optics assembly 204 can be coupled using any suitable tech-
niques. For example, imaging optics assembly 204 can be
coupled to image sensor 202 in a separable manner using a
bayonet mount, or the like. As another example, imaging
optics assembly 204 and image sensor 202 can an integral
device. As yet another example, as described below, image
sensor 202 and imaging optics assembly 204 can be coupled
to the housing diaphragm.

In some embodiments, a data transmission cable 206 can
be coupled to imaging device 200. For example, data trans-
mission cable 206 can be coupled to image sensor 202 to,
among other things, transfer images captured by imaging
device 200 and/or transmit instructions that cause imaging
device 200 to capture images.

In some embodiments, as illustrated in FIG. 2, imaging
device housing 210 can include a top housing compartment
212 and a bottom housing compartment 214. Top housing
compartment 212 can enclose image sensor 202, and a hous-
ing diaphragm (not shown) can separate top housing com-
partment 212 and bottom housing compartment 214. Top
housing compartment 212 can further include a vent 216 that
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allows heat generated by image sensor 202 to dissipate, and a
top access door 218 that can provide access to image sensor
202 without disassembling top housing compartment 212.
Additionally, data transmission cable 206 can pass through
top housing compartment 212 and be coupled to image sensor
202.

In some embodiments, top housing compartment 212 can
be coupled to different bottom housing compartments 214 for
different imaging optics assemblies 204. For example one
bottom housing assembly 214 can be configured to house a 70
mm focal length lens assembly, and a different bottom hous-
ing assembly 214 can be configured to house a 120 mm focal
length lens assembly. In some embodiments, bottom housing
assembly 214 can include a bellows that can be adjusted to
accommodate various optics, which can include macroscopic
lens assemblies, microscope lens assemblies, or any other
suitable optics.

In some embodiments, a bottom housing seal 220, which
can include a bottom housing door 222, can abut bottom
housing compartment 214 during operation of the serial sec-
tioning and imaging apparatus (e.g., as described in connec-
tion with FIG. 6). Additionally or alternatively, bottom hous-
ing seal 220 can be included as part of bottom housing
compartment 214.

In some embodiments, as shown in FIG. 1, bottom housing
seal 220 can be coupled to mount neck 134 by a seal adjust-
ment armature 224. In such embodiments, bottom housing
compartment 214 can be attached to top housing compart-
ment 212 and bottom housing seal 220 by first lowering
bottom housing seal 220 by adjusting a position of seal adjust-
ment armature 224 to a position where bottom housing com-
partment 214 can be inserted between bottom housing seal
220 and top housing compartment 212. Bottom housing com-
partment 214 can then be mounted on a recessed ring (not
shown) on an interior face of bottom housing seal 220, and
bottom housing seal 220 mounted with bottom housing com-
ponent 214 can be moved into a position where bottom hous-
ing compartment 214 meets a ring (not shown) on a bottom
side of the housing diaphragm. The position of seal adjust-
ment armature 224 can be locked to inhibit movement of
bottom housing compartment 214 and bottom housing seal
220 during operation of the serial sectioning and imaging
apparatus.

In some embodiments, an air hose 226 can enter bottom
housing compartment 214 to create positive pressure during
operation of the serial sectioning and imaging apparatus.
Creating positive pressure can include, for example, introduc-
ing clean and/or dry air to the bottom housing compartment
214 through air hose 226. In some embodiments, positive
pressure introduced in bottom housing compartment 214 can
inhibit entry of dust, debris and/or other material that may be
produced during serial sectioning of sample 108 when bottom
housing door 222 is opened.

In some embodiments, a motorized and/or automated tur-
ret can include multiple imaging devices so that after each
sectioning, a variety of imaging data can be collected. Such
different imaging data can be used to determine different
information when reconstructing a three-dimensional model
of features included in sample 108, as well as performing
analyses of composition and/or mineralogy of sample 108.

In some embodiments, a shut-ter relay cable 228 can be
coupled to imaging device 200. Shutter relay cable 228 can be
used to transmit signals to transmit signals to cause imaging
device 200 to capture an image of sample 108.

In some embodiments, one or more proximity switches 230
can be coupled to bottom housing seal 220. Proximity
switches 230 can be any suitable proximity switch, such as an
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optical proximity switch, an infrared proximity switch, a
magnetic proximity switch, or any other suitable proximity
switch. Proximity switch 230 can be mounted on one or more
sides of bottom seal 220, and, in operation, can be used in
determining whether bottom housing door 222 is open for
imaging. In some embodiments, when proximity switch 230
detects that bottom housing door 222 is open, proximity
switch 230 can cause an imaging operation of imaging device
200 to be carried out.

In some embodiments, bottom housing compartment 214
can further include a bottom access door 232 for accessing
imaging optics assembly 204 after mounting bottom housing
compartment 214 between bottom housing seal 220 and top
housing compartment 212. Bottom access door 232 can be
sliding door or hinged access door that can be opened to, for
example, perform manual focusing of imaging optics assem-
bly 204. In some embodiments, bottom access door 232 can
include a bellows that can be raised or lowered to provide
access to imaging optics assembly 204.

FIG. 3 shows an example of another perspective view of the
imaging assembly 100 with the imaging device removed, in
accordance with some embodiments of the disclosed subject
matter. FIG. 3 further shows an example of a sample prepa-
ration assembly of the serial sectioning and imaging device.

As shown in FIG. 3, in some embodiments, a translational
bridge portion 302 of translational armature 160 can be used
to couple translational armature 160 to track 170 via a trans-
lational bearing 304. Translational bearing 304 can include a
bearing or carriage, as described above in connection with
FIG. 1, to allow movement of track 170 with respect to trans-
lational bridge portion 302.

In some embodiments, a fine focus adjustment portion 306
can be disposed between translational bridge portion 302 and
translational bearing 304. Fine focus adjustment portion 306
caninclude a fine adjustment knob, or the like, that when used
can adjust the height, in the first axis direction, of translational
bridge portion 302 with respect to track 170 in fine incre-
ments.

In some embodiments, translational armature 160 can
include one or more lighting arms that can be coupled to
lighting stages 308. One or more light positioning wands 310
can be coupled to each lighting stage 308 via a light rotation
adjustment 312. In some embodiments, these lighting arms
can be positioned equidistant from a center of an imaging
position located in an imaging axis of imaging device 200,
when mounted. As described below in connection with, for
example, FIG. 4, a lighting source can be mounted on light
positioning wand 310. A direction of the light can be adjusted
by loosening light rotation mechanism 312, adjusting a posi-
tion of light positioning wand 310, and then tightening light
rotation mechanism 312 to fix the position of the light
mounted to light positioning wand 310. Further, lighting
stage 308 can include a slot along which the position of light
rotation adjustment 312, light positioning wand 310, and a
light mounted to light positioning wand 310 can be adjusted
in the second axis and/or third axis directions.

In some embodiments, after a position of light positioning
wand 310 is fixed with respect to top surface 110 of sample
108, a light mounted to lighting wand 310 can move in the
first axis direction along with camera assembly 100 and the
serial sectioning apparatus. This allows for the spatial rela-
tionship of the lights to the top surface 110 of sample 108 to
be maintained and thus the lighting conditions for each imag-
ing operation to be substantially the same. Additionally or
alternatively, a ring light can be provided where a center of the
ring light can substantially coincide with an imaging axis of
an imaging device being used.
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In some embodiments, a sample preparation assembly can
be coupled to the serial sectioning and imaging assembly. The
sample preparation assembly can include a number of sprayer
nozzles 314 that can each be used for spraying compressed
air, mist, or any other suitable substance (e.g., gas, liquid,
abrasive material, etc.). Each spray nozzle 314 can be coupled
to a source via lines 316. Lines 316 can be coupled between
nozzles 314 and cylinder valves 318 which can be adjusted to
regulate the amount of air, fluid or other suitable substance
that is delivered and/or how the substance is delivered (e.g., as
adrip, amist, a jet, a stream, etc.). Any suitable substance can
be used by the sample preparation assembly. For example, in
some embodiments, one or more spray nozzles 314 can be
used to spray compressed air on top surface 110, to clean top
surface 110. As another example, one or more spray nozzles
314 can be used to spray water soluble oil on top surface 110
to prepare sample 108 for imaging. As yet another example,
for materials that are water soluble, non-water soluble oil or
any other suitable non-water soluble liquid can be used to
prepare sample 108 for imaging.

In some embodiments, each spray nozzle 314 can be inde-
pendently controlled to deliver material to top surface 110.
Additionally, in some embodiments, each spray nozzle can be
coupled to anozzle adjustment portion 320 that can be used to
change an orientation of spray nozzles 314 individually, or
together. For example, spray nozzles 314 can be aimed in any
suitable direction, which can be based on a size of sample
108. More particularly, spray nozzles 314 can be aimed far-
ther apart, closer together, closer to or farther away from the
top surface 110 of sample 108, etc. As another example,
sample 108 can be moved relative to spray nozzles 314 to
provide a more even distribution of the substance deposited
by spray nozzle 314 (e.g., liquid, gas, etc.).

In some embodiments, a pneumatic wiper 322 can be
coupled to the serial sectioning apparatus. Pneumatic wiper
322 can be actuated to evenly distribute and/or remove excess
fluid, debris, or other substance, such as water soluble oil or
specimen particulates, from top surface 110 of sample 108
prior to performing an imaging operation.

In some embodiments, the sample preparation assembly
can include a collection component (not shown) that can
collect excess coolant, debris that is generated during mate-
rial removal, or the like. For example, in some embodiments,
the collection component can include a system for collecting
mist and/or spray generated from coolant used during the
material removal. As another example, the collection compo-
nent can include a system for collecting dust and/or debris
generated from the sample (e.g., in cases where coolant is not
used).

FIG. 4 shows an example of a perspective view of the serial
sectioning and imaging apparatus in accordance with some
embodiments of the disclosed subject matter. As shown in
FIG. 4, imaging assembly 100 can be coupled to a serial
sectioning apparatus 400 by rail 102.

In some embodiments, serial sectioning apparatus 400 can
include any suitable components for performing serial sec-
tioning. For example, in some embodiments, serial sectioning
apparatus 400 can include a computer numerical control
(CNC) material removal tool. In a more particular example,
serial sectioning apparatus can include a CNC material
removal tool for controlling operation of a surface grinder. In
some embodiments, CNC material removal tool can control
positions of certain components to a high degree of accuracy
can be used. For example, a three-axis CNC material removal
tool that can be controlled to within a tolerance of 2.5 microns
orless can be used. In a more particular example, a position of
a bed of the (CNC machine for moving a sample can be






