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SUBSTRATE PRE-SCANNING FOR HIGH THROUGHPUT MICROSCOPY

RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application No.
62/157,457, filed on May 5, 2015. The entire teachings of the above application are

incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] In microscopy, proper focus on a sample is essential for image quality. Many
image quality problems in pathology slide scanners, for example, are related to improper
focusing on the sample. There is a need for improved systems, methods, and imaging

accessories that can help to facilitate focusing on samples.

SUMMARY OF THE INVENTION

[0003] Improved systems, methods, and imaging accessories facilitate focusing on
samples, and can be used, for example, in high throughout applications where focus-related
time delays can be particularly significant. Focus related time delays can be significant, for
example, when a study requires imaging multiple fields of view, such that refocusing is
required between images. Focus-related time-delays can limit the speed and efficiency of
high throughput imaging methods. Automating focusing (“auto-focusing”) technology,
present in many automated pathology slide scanners and automated microscopes, has
provided improvements over conventional focusing, but can still introduce time-delays,
which can be particularly significant for high throughput work.

[0004] An embodiment of the present invention relates to a recognition that non-
uniformities in substrate thickness and surface topography contribute significantly to the need
for auto-focusing on a sample deposited thereon, and that these auto-focusing needs can be
reduced or eliminated by measuring and storing substrate topography for later retrieval by an
imaging system that can use the topographic information to help set appropriate focal

parameters.
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[0005] More specifically, imaging substrates, such as microscopy slides and Petri dishes,
can vary in thickness, both from one substrate to the next, and from one region to the next on
a given substrate. These variations alter the distance between the sample and the objective
lens, and can require re-focusing when changing substrates and when imaging different
regions of the same substrate. Measuring and storing substrate-specific topographical
information for later recall can facilitate focusing by allowing a microscopy system to
compensate for the topographical variations (e.g., by a corresponding change in a focal
parameter), thereby reducing, or even eliminating, the need for traditional autofocus methods.
[0006] Accordingly, in one aspect, the invention relates to first pre-scanning and storing
the topography for each substrate; and second, during imaging, recalling the substrate unique
topography for use in setting the z-height of the optical detector. This principle can, of
course, be extended to non-optical detection systems. Thus, during the imaging process, the
imaging instrument already knows the optimal focal point for each field of view.

[0007] In one embodiment, the invention relates to an imaging substrate, the imaging
substrate having a surface and the surface having a topography; and a unique identifier
associated with the imaging substrate; wherein the unique identifier is further associated with
a representation of the topography of the surface. In some embodiments: (a) the
representation of the topography of the surface of the substrate is stored in a database,
optionally wherein the database contains a representation of the surface topography of at least
two imaging substrates; (b) the database contains a representation of the unique identifier,
optionally wherein the database contains a representation of the surface topography of at least
two imaging substrates; (¢) the surface is a substantially planar surface; (d) the unique
identifier is any one or a combination of: a barcode, a QR code, and an RFID tag; (e) the
unique identifier is disposed on the surface; and/or (f) the representation of the topography of
the surface is a digital representation, optionally wherein the digital representation of the
topography of the surface is stored in a remote memory, and further optionally wherein the
digital representation stored in the remote memory is retrievable via a wide area network,
such as the Internet, based on the unique identifier.

[0008] In another embodiment, the invention relates to an imaging substrate assembly,
comprising an imaging substrate, the imaging substrate having a surface and the surface
having a topography; and an encoding device attached to the imaging substrate, wherein the

encoding device contains a representation of the topography of the surface. In some
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embodiments: (a) the encoding device is a digital memory device, optionally wherein the
representation of the topography of the surface is a two dimensional matrix; (b) the encoding
device is disposed on the surface, optionally wherein the representation of the topography of
the surface is a two dimensional matrix (e.g., QR Code); and/or (c) the representation of the
topography of the surface is a contour map.

[0009] In yet another embodiment, the invention relates to a method for manufacturing an
imaging substrate assembly, comprising: associating a unique identifier with an imaging
substrate, the imaging substrate having a surface, defining a surface topography; scanning a
region of the surface of the imaging substrate to collect surface topography data; and further
associating the unique identifier with a representation of the surface topography data.

[0010] In some embodiments: (a) the method further comprises storing the
representation of the surface topography data in a database, optionally wherein the database
contains a representation of the surface topography of at least two imaging substrates; (b) the
method further comprises storing a representation of the unique identifier in the database,
optionally wherein the database contains a representation of the surface topography of at least
two imaging substrates; (¢) the surface is a substantially planar surface; (d) the unique
identifier is any one or a combination of a barcode, a QR code, and an RFID tag; (e) the
unique identifier is disposed on the surface; and/or (f) the representation of the topography of
the surface is a digital representation, and optionally the method further comprises storing the
digital representation of the surface topography in a remote memory, and further optionally
wherein the representation is retrievable via a wide area network, such as the Internet, based
on the unique identifier.

[0011] In a further embodiment, the invention relates to a method for manufacturing an
imaging substrate assembly, comprising scanning a region of a surface of an imaging
substrate to collect surface topography data; and associating an encoding device with the
imaging substrate, the encoding device containing a representation of the surface topography
data. In some embodiments: (a) the encoding device is a digital memory device, optionally
wherein the representation of the topography of the surface is a two dimensional matrix;

(b) the encoding device is disposed on the surface, optionally wherein the representation of
the topography of the surface is a two dimensional matrix (e.g., QR Code); and/or (c) the

representation of the topography of the surface is a contour map.
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[0012] In another embodiment, the invention relates to a method for adjusting a focal
parameter of an imaging system, comprising retrieving a representation of a topography of a
surface of an imaging substrate based on at least one of an encoding device and a unique
identifier, the at least one of the encoding device and the unique identifier being associated
with the imaging substrate; and being further associated with the representation of the
topography of the surface; and adjusting the focal parameter of the imaging system based on
the retrieved representation of the topography of the surface.

[0013] In yet another embodiment, the invention relates to an imaging system,
comprising: an imager having an adjustable focal parameter; an imaging substrate, the
imaging substrate having a surface and the surface having a topography; and at least one of
(1) a unique identifier associated with the imaging substrate; wherein the unique identifier is
further associated with a representation of the topography of the surface; and (i1) an encoding
device attached to the imaging substrate, wherein the encoding device contains a
representation of the topography of the surface. In some embodiments, the system further
comprises a device configured to receive information from the one of the unique substrate
identifier and the encoding device (e.g., an RFID reader or optical scanner).

[0014] In yet another embodiment, the invention relates to a sample support assembly,
comprising: a means for supporting a sample, the means for supporting the sample having a
surface having a topography; and a means for uniquely identifying the means for supporting
the sample, associated with the means for supporting the sample and further associated with a

representation of the topography of the surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregoing will be apparent from the following more particular description of
example embodiments of the invention, as illustrated in the accompanying drawings in which
like reference characters refer to the same parts throughout the different views. The drawings
are not necessarily to scale, emphasis instead being placed upon illustrating embodiments of
the present invention.

[0016] FIG. 1 is a representation of a Petri dish, showing surface topography.

[0017] FIG. 2 is a top view representation of an imaging substrate assembly according to
aspects of the present invention.

[0018] FIG. 3 is a side view representation of an imaging system according to aspects of

the present invention.
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[0019] FIG. 4 is a representation of a method of manufacturing an imaging substrate

assembly and operating an imaging system according to aspects of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] A description of example embodiments of the invention follows.

[0021] Focusing can be time-consuming. Focus-related time delays can be particularly
significant when a study requires imaging multiple fields of view, such that refocusing is
required between images. Focus-related time-delays can limit the speed and efficiency of
high throughput imaging methods.

[0022] Automating focusing (“auto-focusing”) technology, present in many automated
pathology slide scanners and automated microscopes, has provided improvements over
conventional, manual focusing methods but still suffers from significant limitations or
drawbacks. For example, although a sample can be automatically imaged at varying
distances from the objective lens until optimal focal parameters are determined, methods that
require taking several images are time-consuming and can produce fluorescence photo-
bleaching of the sample. As another example, although laser-range finders can aid focusing
by estimating the distance between the objective lens and the sample, laser control-feedback
systems can be expensive. Accordingly, there is a need for systems, methods, and imaging
accessories that can help to facilitate focusing on samples.

[0023] Aspects of the present invention relate to the recognition that non-uniformities in
substrate thickness and surface topography contribute significantly to the need for auto-
focusing on a sample deposited thereon, and that these auto-focusing needs can be reduced or
eliminated by measuring and storing substrate topography for later retrieval by an imaging
system that can use the topographic information to help set appropriate focal parameters.
[0024] FIG. 1, for example, shows the surface topography of an imaging substrate 100 (a
Petri dish). Contour lines 170a, 170b, and 170c, spaced at contour interval D (not shown),
show that the surface is not of uniform height (along the z-axis, perpendicular to the plane of
the paper). The surface topography can be measured by determining the height of the surface
at various points in the x-y plane. A wide variety of imaging substrates can be used,
including a wide variety of materials known in the art to accept samples for imaging.
Examples of imaging substrates for optical microscopy applications include, without
limitation, glass slides and Petri dishes. In some embodiments, the imaging substrate is made

of a uniform material, e.g., glass or plastic; in some embodiments, the surface is modified
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with one or more reagents (e.g., by chemical modifications, attachment of an antibody,
protein coating, etc.)

[0025] FIG. 2 shows an imaging substrate assembly 200 according to aspects of the
present invention. Imaging substrate 210 has a surface 230 onto which is mounted a unique
substrate identifier 270. The topography of region 280 of surface 230 (e.g., the surface on
which samples for imaging are to be deposited, e.g., the polished, finished surface of a glass
microscopy slide, oriented toward the optics of an imager) is determined via a series of
measurements at the illustrated points in the x-y plane, e.g., points 281 and 282, and
represented in digital form in topography representation 297. Unique substrate identifier 270
is disposed on and uniquely associated with substrate 210. Further, unique substrate
identifier 270 is uniquely associated with topography representation 297.

[0026] A wide variety of unique substrate identifiers can be used, such as labels,
markings, etchings, codes (e.g., bar codes, QR codes, matrix codes, pictures, contour maps),
serial numbers, radiofrequency identification (RFID) tags, and other physically identifying
characteristics of an imaging substrate. Unique substrate identifiers can be, without
limitation, attached to the imaging substrate; or attached to or associated with packaging for
the imaging substrate. Unique substrate identifiers can be visible to the eye or invisible, e.g.,
microscopic. In some embodiments, unique substrate identifiers or representations thereof
(including, for example, a binary representation of a base ten number, a numerical
representation of a bar code, and a numerical transformation) are associated with the substrate
topographic data (e.g., associated in a one-to-one manner); and for example, can further be
stored along with the topographic data in a database, such that the substrate topographic data
can be uniquely identified and retrieved when the representation of the unique substrate
identifier is inputted.

[0027] While, in this example, topography of the imaging substrate has been measured, it
should be appreciated that it is within the scope of the invention to measure a wide variety of
substrate deviations or nonuniformities along the plane of the substrate, including changes in
optical density, physical density, radioopacity, electric conductance, magnetic susceptibility,
refractive index, and so on. Where one or more properties of a region of the substrate are
sufficiently aberrant to render that region unsuitable for use in imaging, exclusion masks can
be applied and associated with that region, such that any subsequent sample imaging data

from that region is discarded.
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[0028] It should be appreciated that a wide variety of measurement techniques can be
used to measure substrate nonuniformities. For example, scanning techniques can be used,
e.g., laser scanning, laser range finder, projected light surface scanning, atomic force
microscopy (AFM), ultrasound, and optical coherence tomography. Data can be collected at
discrete intervals or continuously along the x-y axis (plane of the substrate). Discrete
intervals can be uniform (evenly spaced along the x-axis, y-axis, or both), or nonuniform. In
some embodiments, topography measurements are taken approximately every 100 uM, 1
mM, or 1 cm.

[0029] Topography representation 297 is depicted as being a digital representation but a
wide variety of representations can be used. For example, the representation can be analog,
handwritten, typewritten, or otherwise represented. The topography data can be raw data,
e.g., ordered (x,y,z) triplets representing position in the plane of the substrate (x,y) and
surface height relative to baseline (z). Or the topography data associated with identifier 270
can be processed data, e.g., data that have been smoothed. In some embodiments the raw
data can be fitted to a suitable parametric equation and best-fit parameters can be stored in
representation 297.

[0030] Topography representations can be stored in a variety of media, locally or
remotely. Examples include storage on read-writable/reprogrammable devices, disk drives,
flash storage devices, hard drives, and servers. In some embodiments, a topographic
representation is stored in a database accessible via a wide area network, such as the Internet,
and/or that allows retrieval of the representation based on input of the unique identifier (or
representation thereof). In some embodiments, databases store topographic representations
for a plurality of imaging substrates, each paired with a unique identifier.

[0031] Finally, it should be recognized that an encoding device can be used in place of
unique substrate identifier 270. A wide variety of encoding devices can be used including,
for example, digital devices (e.g., a memory chip); analog devices (e.g., an adhesive label,
which can, for example, be written upon or stamped such as with a code); a region of the
imaging substrate itself, for example a surface region, which can be, for example, be etched
or marked, such as with a serial number, code, QR code, or bar code; or other device capable
of encoding information. In some embodiments, the encoding device is a map or diagram of
the surface topography, such as, for example, a contour map; a contour map could, for

example, be etched on a glass slide in a miniature form (e.g., major dimension less than about
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1 cm, less than about 0.5 c¢cm, less than about 1 mm) or a microscopic form (e.g., major
dimension less than about 1 mm, less than about 100 uM, less than about 10 uM, less than
about 1 uM). In preferred embodiments, the encoding device is further encoded with
information, further preferably topography representation 297. A wide variety of encoding
methods can be used, including digitization, compressive and noncompressive methods,
“lossy” and “non-lossy” methods, digital and analog methods, and encrypted and
unencrypted methods. In some embodiments the data is encoded with little or no processing.
For example, the encoding device can be a memory chip mounted on the imaging substrate
onto which topography representation 297 is loaded.

[0032] In some embodiments, an imaging substrate assembly is an imaging substrate
together with one or both of’ (i) a unique substrate identifier; and (ii) an encoding device. It
should be appreciated that imaging substrate assemblies can include, in some embodiments,
an assembly constructed from multiple pieces of material, e.g., a bar code added to a glass
microscope slide; in other embodiments, an imaging substrate assembly can be monolithic or
formed of a single piece of material, e.g., a glass microscope slide that is etched with a serial
number (unique substrate identifier) or etched with a contour map of surface topography
(encoding device).

[0033] FIG. 3 shows components of a microscope imaging system according to aspects of
the present invention. A wide variety of devices that acquire information regarding an
imaging substrate can be used as imagers. Examples of imagers include microscopes (e.g.,
optical microscopes, fluorescence microscopes, electron microscopes). Imaging substrate
assembly 300 includes imaging substrate 310 (glass slide, shown in cross section) and unique
substrate identifier 360. Substrate holder 580 positions the imaging substrate with respect to
other components of imager 500, e.g., with respect to the optics. The distance between the
slide and the optics can be varied by moving the holder with respect to the optics.

[0034] Surface topography of imaging substrate 310 is mapped in a region of the
substrate. FIG. 3 depicts the extent of the mapped region along the x-axis as region 312,
where the y-axis is normal to the plane of the paper. Measurements are taken at regular
intervals, e.g., at points 370a, 370b, and 370c within the mapped region (at the depicted
cross-sectional plane in the y-axis). A representation of these topographic measurements is
uniquely associated with unique substrate identifier 360 and stored in memory 400. Based on

the unique substrate identifier, imager 500 can retrieve the associated topography
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representation 402 from memory 400. It should be appreciated that memory 400 can hold
information (topographic data and/or substrate identifier data) related to a plurality of
imaging substrates, e.g., at least 2, at least 5, at least 10, at least 100, at least 1,000, at least
10,000, or at least 100,000 substrates. In some embodiments, data for one or more imaging
substrates can be downloaded from a remote memory into a local memory for an imaging
device, for later use without the need for internet connectivity.

[0035] Memory 400 can include a wide variety of devices, including magnetic storage
devices, hard disk drives, flash memory, random access memory, floppy disks, flash drives
(thumb drives), and so on. Information contained in memory 400 (or in an ultimate
repository for such information, in the event that information is relayed through memory 400)
can be organized in a wide variety of ways, including in databases, tables, lookup tables,
spreadsheets, and so on. In some embodiments, memory 400 is a digital device; in other
embodiments, it can be analog.

[0036] Imager 500 can use the retrieved topography representation to reduce or eliminate
the need to auto-focus. For example, FIG. 3 depicts that there is a difference ¢ in the height
of the substrate surface as between region 314 (the height of which can be estimated from the
measurement taken at point 370a) and region 316 (the height of which can be estimated from
the measurement taken at point 370c). In place of requiring the auto-focuser to reestablish
focus when moving between these regions, imager 500 (associated with a computer processor
unit, not shown) can calculate the deviation in focal plane resulting from the topography shift
and compensate for it by adjusting a focal parameter (e.g., adjusting the stage relative to the
objective lens) by a precise amount calculated to keep the image in focus notwithstanding the
change in topographic environment.

[0037] Imager 500 can acquire information 362 from the unique substrate identifier in a
wide variety of ways. For example, if the substrate identifier is a bar code printed on a label
on the slide, the imager can be equipped with an accessory scanner that scans the bar code.
As another example, if the substrate identifier is an RFID device, then the imager can be
equipped with a module that can read the RFID device. The imager then communicates the
information 362 acquired from substrate identifier to memory 400. Memory 400 can contain
a database or lookup table of representations of substrate identifiers, paired with topographic
representations in digital form. Based on the inputted substrate identifier, a topographic

representation 402 is returned to the imager for use in facilitating focusing.
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[0038] The alignment of the retrieved topographic representation with the mounted
imaging substrate can then be checked, and if necessary adjusted. For example, imager 500
can auto-focus on three points (or more) within the mapped region of the imaging substrate,
determining for each point an optimum focal parameter and then translate that optimum focal
parameter into a distance between the objective lenses and the surface of the imaging
substrate. The imager can then map these data onto the retrieved topographic representation,
and if necessary refine the position. Such alignment checks can be used to detect and
compensate for other sources of misalignment such as microscope stage tilt and deformation
of imaging substrates (e.g., as mounted with clips). It should be appreciated that a wide
variety of substrate holders 580 can be used. In some embodiments, the holder allows
precise, reproducible positioning of imaging substrates in the x-y plane, i.e., facile alignment
of the imaging substrate with respect to the imager optics. In some embodiments, an
alignment (e.g., an initial alignment, periodic alignment, or post-imaging alignment check)
can be performed based on fiducial markers (e.g., markers embedded in or added to the
substrate and/or using edge detection, e.g., for one, two, three, or four sides of an imaging
substrate.

[0039] In some embodiments, imager 500 assesses the degree of focus for acquired
images using any of the focus-checking algorithms known in the art. As imager 500 acquires
images in different imaging substrate regions, it adjusts for topography in those regions using
retrieved topographic data. Where, however, it detects lack of focus notwithstanding these
adjustments, it can perform additional autofocusing.

[0040] In some embodiments, if there is distortion of the imaging substrate from the pre-
scanned topography, a distance sensor can be used to measure the distance between the optics
and the substrate, thereby verifying whether the current topography matches the prescanned
topography. If it does not, via interpolation of random locations throughout the substrate, an
updated topography can be estimated given the prior pre-scanned topography.

[0041] FIG. 4 is a flow chart in accordance with aspects of the present invention. Process
400 starts by scanning imaging substrate topography in step 410. In step 420 a code (e.g., a
bar code) is affixed to the imaging substrate and in step 422 topographic information is
stored in a database, associated with the bar code information. In step 430, the imaging
substrate assembly is aligned with the instrument. In step 440 images are taken without

autofocusing, using the retrieved topographic information to set focal parameters. In step 450
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the degree of image focus is assessed, and if determined to be out of focus, in step 460 a
depth sensor is used to sample the actual slide topography at various points and compared to
the topography retrieved from the database. (In the alternative standard focusing techniques
can be used as a surrogate for depth sensing.) Differences between the on-the-fly sampled
topography and detailed, stored topography can be used to detect and correct for
misalignments, such as slide deformations, stage tilt, or substrate misalignment. Imager 500
can then update the detailed topography based on interpolative methods using the sampled
topography, and imaging continues with auto-focusing at step 440.

[0042] Further, in some embodiments the invention relates to de-coupling focusing and
imaging, either (1) in time, such that scanning the imaging substrate occurs, for example:
before samples are loaded onto the substrate for imaging, before the substrate is loaded onto
the microscope/imager or otherwise positioned for an imaging experiment, before any
autofocusing, before any adjustment of focal parameters of a substrate positioned for
imaging, before substrates are unpackaged, opened, cleaned, sterilized in preparation for
sample loading, before substrates are packaged for sale or distribution, and/or before
imaging; (2) in space, such that substrate scanning is performed using equipment separate and
distinct from the equipment on which imaging is performed, e.g., performed using equipment
in a facility, building, room, or city separate from a facility, building, room, or city that
performs the imaging analysis on the sample-loaded substrate, e.g., at a dedicated substrate
manufacturing facility or after-market scanning/tagging facility; or (3) in both time and
space. In some embodiments, decoupling the substrate scanning in time, space, or both from
image acquisition speeds the image acquisition step.

[0043] In some embodiments, the sample that is loaded for imaging onto an imaging
substrate of the present invention is loaded as a monolayer, an approximate monolayer,
and/or in a uniform manner. In other embodiments, substrate topography scanning is
performed after sample is deposited onto the substrate. Where the sample is uniform and the
sample focal plane is the same as or acceptably close to the focal plane of the surface of the
imaging substrate, then topographic data regarding the surface of the imaging substrate can
equal or approximate the topography of the sample surface after sample is added to the
imaging substrate. Otherwise, an offset can optionally be used (representing the depth of the
sample layer) in combination with the topography data of the imaging substrate to

approximate the sample surface topography. The offset can be, for example, constant (e.g., if
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deposited sample is of uniform depth) or variable. The offset can be predetermined from
direct measurement, or determined during imaging using, for example, autofocus on one or
more regions of the substrate. Finally, for some applications, it can be desirable to image
and record topographic data for imaging substrates that have been loaded with sample, such
that the measured topography is that of the surface of the sample deposited on the substrate.
Such topographic information for the surface of a deposited sample on a substrate can be
used in like manner as described herein for topographic information regarding the surface of
an imaging substrate.

[0044] In some embodiments, the manufacturer of disposable substrates (petri dishes,
microscopy slides) pre-scans each substrate to measure and record its topology in a database.
Before a particular substrate is imaged, its unique identifier code on the substrate is read to
recall its topology from the database. In this way, only a small subset of all the fields of view
need to be examined and the focusing time is reduced to the stage movement time.

[0045] In some embodiments, imaging substrate assemblies (as described herein) are
used to facilitate focusing on samples that: (a) are biological specimens (e.g, thin slices of
solid specimens prepared in the pathology laboratory, or blood smears, pap-smears, or
cervical smears on microscopy slides); (b) require several fields of view to analyze (e.g., on
the order of tens, hundreds, or thousands of fields of view, or more); or (c) both. In some
embodiments, the biological specimen is a cell. In further embodiments, a dense monolayer
of cells is deposited on the imaging substrate assembly as described herein and imaged at low
magnification, e.g, where a single cell occupies between about 1 and 9 pixels when imaged,
or about 1x to about 10x magnification.

[0046] Applications of the system include fast focusing of large biological specimens.
By large we mean that it is required to analyze several fields of view (in the order of tens or
hundreds) to reach the conclusion of the test. Such specimens can range from thin slices of
solid specimens prepared in the pathology laboratory to blood smears or cervical smears/pap-
smears in microscopy slides. Another application of the imaging substrate assemblies is in
planar cytometry.

[0047] While this invention has been particularly shown and described with references to
example embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.
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CLAIMS

What is claimed is:

10.

An imaging substrate assembly, comprising:

an imaging substrate, the imaging substrate having a surface and the surface
having a topography; and

a unique identifier associated with the imaging substrate;

wherein the unique identifier is further associated with a representation of the

topography of the surface.

The imaging substrate assembly of Claim 1, wherein the representation of the

topography of the surface of the substrate is stored in a database.

The imaging substrate assembly of Claim 2, wherein the database contains a

representation of the unique identifier.

The imaging substrate assembly of Claim 3, further wherein the database contains a

representation of the surface topography of at least two imaging substrates.

The imaging substrate assembly of Claim 1, wherein the surface is a substantially

planar surface.

The imaging substrate assembly of Claim 1, wherein the unique identifier is any one

or a combination of: a barcode, a QR code, and an RFID tag.

The imaging substrate assembly of Claim 1, wherein the unique identifier is disposed

on the surface.

The imaging substrate assembly of Claim 1, wherein the representation of the

topography of the surface is a digital representation.

The imaging substrate assembly of Claim 8, further wherein the digital representation

of the topography of the surface is stored in a remote memory.

The imaging substrate assembly of Claim 9, further wherein the digital representation
stored in the remote memory is retrievable via a wide area network based on the

unique substrate identifier.



11.

12.

13.

14.

15.

16.

17.

18.

19.
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An imaging substrate assembly, comprising:

an imaging substrate, the imaging substrate having a surface and the surface
having a topography; and

an encoding device attached to the imaging substrate, wherein the encoding

device contains a representation of the topography of the surface.

The imaging substrate assembly of Claim 11, wherein the encoding device is a digital

memory device.

The imaging substrate assembly of Claim 11, wherein the encoding device is disposed

on the surface.

The imaging substrate assembly of Claim 13, further wherein the representation of the

topography of the surface is a two dimensional matrix.

The imaging substrate assembly of Claim 13, further wherein the representation of the

topography of the surface is a contour map.

The imaging substrate assembly of Claim 14, wherein the two dimensional matrix is a

QR Code.

A method for manufacturing an imaging substrate assembly, comprising:

associating a unique identifier with an imaging substrate, the imaging
substrate having a surface, defining a surface topography;

scanning a region of the surface of the imaging substrate to collect surface
topography data; and

further associating the unique identifier with a representation of the surface

topography data.

The method for manufacturing the imaging substrate assembly of Claim 17, further

comprising storing the representation of the surface topography data in a database.

The method for manufacturing the imaging substrate assembly of Claim 18, further

comprising storing a representation of the unique identifier in the database.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
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The method for manufacturing the imaging substrate assembly of Claim 18, wherein
the database contains a representation of the surface topography of at least two

imaging substrates.

The method for manufacturing the imaging substrate assembly of Claim 17, wherein

the surface is a substantially planar surface.

The method for manufacturing the imaging substrate assembly of Claim 17, wherein
the unique identifier is any one or a combination of a barcode, a QR code, and an

RFID tag.

The method for manufacturing the imaging substrate assembly of Claim 17, wherein

the unique identifier is disposed on the surface.

The method for manufacturing the imaging substrate assembly of Claim 17, wherein

the representation of the topography of the surface is a digital representation.

The method for manufacturing the imaging substrate assembly of Claim 24, further
comprising storing the digital representation of the surface topography in a remote

memory.

The method for manufacturing the imaging substrate assembly of Claim 25, wherein
the digital representation of the surface topography stored in the remote memory is

retrievable via a wide area network based on the unique identifier.

A method for manufacturing an imaging substrate assembly, comprising:
scanning a region of a surface of an imaging substrate to collect surface
topography data; and
associating an encoding device with the imaging substrate, the encoding

device containing a representation of the surface topography data.

The method for manufacturing the imaging substrate assembly of Claim 27, wherein

the encoding device is a digital memory device.

The method for manufacturing the imaging substrate assembly of Claim 27, wherein

the encoding device is disposed on the surface.



30.

31.

32.

33.

34.

35.

36.
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The method for manufacturing the imaging substrate assembly of Claim 28, further
wherein the representation of the topography of the surface is a two dimensional

matrix.

The method for manufacturing the imaging substrate assembly of Claim 29, further

wherein the representation of the topography of the surface is a contour map.

The method for manufacturing the imaging substrate assembly of Claim 30, wherein

the two dimensional matrix is a QR Code.

A method for adjusting a focal parameter of an imaging system, comprising:
retrieving a representation of a topography of a surface of an imaging substrate
based on at least one of an encoding device and a unique identifier, the at least one of
the encoding device and the unique identifier being associated with the imaging
substrate; and being further associated with the representation of the topography of
the surface; and
adjusting the focal parameter of the imaging system based on the retrieved

representation of the topography of the surface.

An imaging system, comprising:

an imager having an adjustable focal parameter;

an imaging substrate, the imaging substrate having a surface and the surface
having a topography; and

at least one of (i) a unique identifier associated with the imaging substrate;
wherein the unique identifier is further associated with a representation of the
topography of the surface; and (ii) an encoding device attached to the imaging
substrate, wherein the encoding device contains a representation of the topography of

the surface.

The imaging system of Claim 34, further comprising a device configured to receive

information from the one of the unique identifier and the encoding device.

A sample support assembly, comprising:
a means for supporting a sample, the means for supporting the sample having

a surface having a topography; and



WO 2016/179286 PCT/US2016/030786
-17 -

a means for uniquely identifying the means for supporting the sample,
associated with the means for supporting the sample and further associated with a

representation of the topography of the surface.
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