wo 2017/132172 A1 | IO OO0 O AR

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/132172 Al

3 August 2017 (03.08.2017) WIPOIPCT
(51) International Patent Classification: (74) Agent: FIELITZ, Ellen, E.; Siemens Corporation, Intel-
GOIN 21/17 (2006.01) GOIN 21/25 (2006.01) lectual Property Dept., 3501 Quadrangle Blvd Ste 230, Or-
GOIN 21/00 (2006.01) GOIN 21/62 (2006.01) lando, FL 32817 (US).

GOIN 21/01 (2006.01) (81) Designated States (uniess otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,
PCT/US2017/014778 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
. . BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
(22) International Filing Date: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
24 January 2017 (24.01.2017) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
(25) Filing Language: English KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
(26) Publication Language: English NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
(30) Priority Data: RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
62/288,387 28 January 2016 (28.01.2016) Us Eg g\/{ Té\’\[{]TN» TR, TT, TZ, UA, UG, US, UZ, VC, VN,

(71) Applicant: SIEMENS HEALTHCARE DIAGNOSTICS . L
INC. [US/US]; 511 Benedict Avenue, Tarrytown, NY (84) D.e51gnated. States (unle.ss othef"wzse indicated, for every
10591 (US). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(72) Inventors: WISSMANN, Patrick; Einsteinstrasse 179, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

81677 Munich (DE). POLLACK, Benjamin, S.; 115
Morris Street, Apt. 1328, Jersey City, NJ 07302 (US).

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,

[Continued on next page]

(54) Title: METHODS AND APPARATUS FOR IMAGING A SPECIMEN CONTAINER AND/OR SPECIMEN USING MUL -
TIPLE EXPOSURES

Computer

!
143

FiG. 44

(57) Abstract: A method of imaging a specimen container
and/or specimen. The method includes providing a specimen
container containing a specimen at an imaging location,
providing one or more cameras configured to capture images
at the imaging location, providing one or more light sources
adjacent to the imaging location, illuminating the imaging
location with the one or more light sources, and capturing
multiple images including: specimen images of the image
location at multiple different exposures, with the specimen
container and specimen being present at the image location.
Quality check modules and specimen testing apparatus in-
cluding a quality check module are described herein, as are
other aspects.



WO 2017/1321:72 A1 WK 00N 0T AN A0

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, Published:

GW, KM, ML, MR, NE, SN, TD, TG). —  with international search report (Art. 21(3))



WO 2017/132172 PCT/US2017/014778

METHODS AND APPARATUS FOR IMAGING
A SPECIMEN CONTAINER AND/OR SPECIMEN USING MULTIPLE EXPOSURES

RELATED APPLICATION
[001] This application claims priority to U.S. Provisional Patent Application
Serial Number 62/288,387 entitled “METHODS AND APPARATUS FOR IMAGING A
SPECIMEN CONTAINER AND/OR SPECIMEN?’ filed on January 28, 2016, the

disclosure of which is hereby incorporated by reference in its entirety herein.

FIELD

[002] The present invention relates to methods and apparatus for testing of a
biological specimen, and, more particularly to methods and apparatus for imaging a

specimen and/or specimen container.

BACKGROUND

[003] Automated testing systems may conduct clinical chemistry or assays
using one or more reagents to identify an analyte or other constituent in a specimen
such as urine, blood serum, blood plasma, interstitial liquid, cerebrospinal liquids, and
the like. For various reasons, these specimens may be contained in specimen
containers (e.g., blood collection tubes). The assay or test reactions may generate
various changes that may be read and/or otherwise manipulated to determine a

concentration of analyte or other constituent in the specimen.

[004] Improvements in automated testing technology have been
accompanied by corresponding advances in pre-analytical sample preparation and
handling operations such as batch preparation, centrifugation of specimen to
separate specimen constituents, cap removal to facilitate specimen access, and the
like by automated pre-analytical specimen preparation systems, which may be part of
a Laboratory Automation System (LAS). The LAS may automatically transport the
specimens contained in specimen containers and as carried on carriers to a number
of pre-analytical specimen processing stations as well as to analytical stations
containing clinical chemistry analyzers and/or assay instruments (collectively referred

herein to as “analyzers”).
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[005] LASs may handle any number of different specimens contained in
barcode-labeled specimen containers at one time. The LAS may handle all different
sizes and types of specimen containers, and they may also be intermingled. The
barcode label may contain an accession number that may be correlated to
demographic information that may be entered into a hospital’'s Laboratory Information
System (LIS), along with test orders and other information. An operator may place
the barcode-labeled specimen containers onto the LAS system, such as on a track,
which may automatically transport the specimen containers for pre-analytical
operations such as centrifugation, decapping, aliquot preparation, and the like; all
prior to the specimen actually being subjected to clinical analysis or assaying by one
or more analyzers that are part of the LAS. In some cases, one or more barcode
labels may be adhered to the specimen container such that they may obscure views

of the specimen from at least some viewpoints.

[006] For certain tests, an amount of a serum or plasma portion of the
specimen obtained from whole blood by fractionation (e.g., centrifugation) may be
aspirated and used. A gel separator may be added to the specimen container to aid
in the separation of a settled blood portion from the serum or plasma portion in some
cases. After fractionation and de-capping, the specimen container may be
transported to an appropriate analyzer that may extract, via aspiration, serum or
plasma portion from the specimen container and combine it with one or more
reagents in a reaction vessel (e.g., cuvette). Analytical measurements may then be
performed, often using a beam of interrogating radiation, for example, or by using
photometric or fluorometric absorption readings, or the like. The measurements allow
for the determination of end-point or rate or other values, from which a concentration

of analyte or other constituent may be determined using well-known techniques.

[007] Unfortunately, the presence of certain interferents or artifacts in the
specimen, as a result of sample processing or patient disease condition, may
possibly adversely affect the accuracy of the test results of the analyte or constituent
measurement obtained from the analyzer. For example, the presence of hemolysis,
icterus, and/or lipemia (hereinafter HIL) may affect specimen testing results.
Likewise, a clot in the specimen (e.g., a blood clot), which may be unrelated to the
patient disease state, may cause a different interpretation of the disease condition of

the patient. Further, aspiration of a clot may present other problems, such as
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clogging, contamination, or shut down time for cleaning. Presence of bubbles and/or
foam may also cause a different interpretation of the disease condition of the patient

via possible aspiration of air by the probe.

[008] In the prior art, the integrity of the serum or plasma portion of the
specimen may be visually inspected by a skilled laboratory technician. This may
involve a review of the color of the serum or plasma portion of the specimen for the
presence of HIL and visual examination for the presence of clots, bubbles, and foam.
A normal (hereinafter “N”) serum or plasma portion has a light yellow to light amber
color, and may be free of clots, bubbles, and foam. However, visual inspection is very

subjective, labor intensive, and fraught with the possibility of human error.

[009] Because manual inspection includes the above-listed problems, it is
becoming increasingly important to evaluate specimen integrity without using visual
inspection by a laboratory technician, but rather by using an automated screening
method to the extent practical. The screening method is carried out prior to analysis
at an analyzer. However, in some instances, the one or more barcode label(s)
adhered directly to the specimen container may partially occlude the view of the
specimen, so that there may not be clear opportunity to visually observe the serum or

plasma portion of the specimen.

[0010] In some systems, such as in US Pat. No. 9,322,761 to Miller, itis
described that rotating the specimen container enables the finding of a view window
that is unobstructed by the label(s). Imaging may take place upon finding the view

window. However, such systems may be less prone to ease of automation.

[0011] Because of problems encountered when different sized specimen
containers are used, as well as when HIL or an artifact (such as a clot, bubble, or
foam) is present in a specimen to be analyzed, and the obstruction caused by the
barcode label(s), there is an unmet need for a method and apparatus adapted to
readily and automatically image and analyze such specimens. The method and
apparatus should not appreciably adversely affect the speed at which analytical or
assaying test results are obtained. Furthermore, the method and apparatus should
be able to be used even on labeled specimen containers, where one or more labels

occlude a view of at least some portion of the specimen.
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SUMMARY

[0012] According to a first aspect, a method of imaging a specimen container
and/or a specimen is provided. The method includes providing a specimen container
containing a specimen at an imaging location, providing one or more cameras
configured to capture images at the imaging location, providing one or more light
sources adjacent to the imaging location, illuminating the imaging location with the
one or more light sources, and capturing multiple images including specimen images
of the image location at multiple different exposures, with the specimen container and

specimen being present at the image location.

[0013] According to another aspect, a quality check module is provided. The
quality check module includes an imaging location within the quality check module
configured to receive a specimen container containing a specimen, one or more
cameras arranged at one or more viewpoints adjacent to the imaging location, one or
more spectrally-switchable light sources located adjacent the imaging location and
configured to provide illumination for the one or more cameras, and a computer
configured to cause: the one or more spectrally-switchable light sources to switch
between multiple different spectra (e.g., having different nominal wavelengths), and
the one or more cameras to capture images at multiple exposures for each of the

multiple different spectra.

[0014] According to yet another aspect, a specimen testing apparatus is
provided. The specimen testing apparatus includes a track, a carrier on the track that
is configured to contain a specimen container, a quality check module on the track,
the quality check module including: an imaging location within the quality check
module configured to receive a specimen container containing a specimen, one or
more cameras located at one or more viewpoints adjacent to the imaging location,
one or more spectrally-switchable light sources located adjacent the imaging location
and configured to provide lighting for the one or more cameras, and a computer
configured to cause: the one or more spectrally-switchable light sources to switch
between multiple different spectra (e.g., having different nominal wavelengths), and
the one or more cameras to capture images at multiple exposures for each of the

multiple different spectra.
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[0015] Still other aspects, features, and advantages of the present invention
may be readily apparent from the following description by illustrating a number of
example embodiments and implementations, including the best mode contemplated
for carrying out the present invention. The present invention may also be capable of
other and different embodiments, and its several details may be modified in various
respects, all without departing from the scope of the present invention. Accordingly,
the drawings and descriptions are to be regarded as illustrative in nature, and not as
restrictive. The invention is to cover all modifications, equivalents, and alternatives

falling within the scope of the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The drawings, described below, are for illustrative purposes only and
are not necessarily drawn to scale. The drawings are not intended to limit the scope

of the invention in any way.

[0017] FIG. 1 illustrates a top schematic view of a specimen testing apparatus
including one or more quality check modules and one or more analyzers according to

one or more embodiments.

[0018] FIG. 2 illustrates a side view of a specimen container including a
specimen, one or both of which may be characterized using a method according to

one or more embodiments.

[0019] FIG. 3 illustrates a side view of a specimen container including a
specimen and a gel separator, one or both of the specimen and specimen container

may be characterized using a method according to one or more embodiments.

[0020] FIG. 4A illustrates an isometric view of a quality check module
configured to take and analyze multiple images in order to characterize a specimen

and/or specimen container according to one or more embodiments.

[0021] FIG. 4B illustrates an isometric view of a light panel assembly of the

quality check module of FIG. 4A according to one or more embodiments.
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[0022] FIG. 4C illustrates an exploded isometric view of various components of
the light panel assembly of FIG. 4B and the quality check module of FIG. 4A

according to one or more embodiments.

[0023] FIG. 4D illustrates a schematic side view of an alternate quality check
module including a spectrally-switchable light source including a light panel assembly

and a filter assembly according to one or more embodiments.

[0024] FIG. 4E illustrates a schematic top view (with ceiling removed) of a
quality check module including a plurality of cameras and a plurality of light panel

assemblies according to one or more embodiments.

[0025] FIG. 4F illustrates a schematic side view of the quality check module of

FIG. 4E taken along section line 4F-4F according to one or more embodiments.

[0026] FIG. 4G illustrates a schematic top view of an alternate quality check
module including a plurality of light panel assemblies according to one or more

embodiments.

[0027] FIG. 5A illustrates a block diagram of components of a quality check
module configured to characterize a specimen according to one or more

embodiments.

[0028] FIG. 5B illustrates a diagram of a specimen container image projected

onto a virtual 3D voxel grid according to one or more embodiments.

[0029] FIG. 6 illustrates a block diagram of functional components of a
specimen testing apparatus including capability to characterize a specimen and

specimen container according to one or more embodiments.

[0030] FIG. 7 is flowchart of a method of imaging a specimen container and

specimen according to one or more embodiments.

DETAILED DESCRIPTION

[0031] In a first broad aspect, embodiments of the present invention provide
methods and apparatus adapted to image, and to characterize, a specimen and/or a
specimen container. Further embodiments of the present invention provide methods

and apparatus adapted to characterize a specimen contained in a specimen
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container and/or the specimen container. In one or more embodiments, the end result
of the characterization method may be the quantification of the specimen contained

in the specimen container. For example, the quantification may include characterizing
the volume or depth of the serum or plasma portion, and/or the volume or depth of
the settled blood portion of a fractionated specimen. These values may be used to
determine if sufficient volume of the serum or plasma portion are present for the
testing that has been ordered, for determining disease state of the patient (e.g., via
determining a ratio between the serum or plasma portion and the settled blood
portion), for more exact probe tip placement during later aspiration, and/or may be
used to avoid contact or crashes of a robot gripper or probe tip with the specimen

container during maneuvers.

[0032] Furthermore, according to one or more embodiments, the present
invention may be used to determine characteristics of the specimen container, such
as tube height and tube width, and/or cap type or cap color. The obtained
dimensional characteristics may be used to properly guide the positioning of the
probe (otherwise referred to as a “pipette”) and/or robot gripper, during a subsequent
aspiration, robot gripping moves, and may be used in the volume calculations. The

cap type or cap color may be used to cross check orders.

[0033] In some embodiments, the characterizing method may be used for
making a determination about the presence of an interferent, such as the presence of
hemolysis (H), icterus (1), and/or lipemia (L) in the serum or plasma portion.
Additionally, or optionally, the method may be used to determine if an artifact (e.q.,

clot, bubble, foam) is present in the serum or plasma portion.

[0034] The specimen, as described herein, may be collected in a specimen
container, such as a blood collection tube and may include a settled blood portion
and a serum and plasma portion after separation (e.qg., fractionation using
centrifugation). The settled blood portion is made up blood cells such as white blood
cells (leukocytes), red blood cells (erythrocytes) and platelets (thrombocytes) which
are aggregated and separated from the serum or plasma portion. It is generally found
at the bottom part of the specimen container. The serum or plasma portion is the
liquid component of blood that is not part of the settled blood portion. It is generally
found above the settled blood portion. Plasma and serum differ primarily in the

content of coagulating components, primarily fibrinogen. Plasma is the un-clotted



WO 2017/132172 PCT/US2017/014778

liquid, whereas serum refers to blood plasma that has been allowed to clot, either
under the influence of endogenous enzymes or exogenous components. In some
specimen containers, a small gel separator (e.g. plug) may be used, which positions
itself between the settled blood portion and the serum or plasma portion during
fractionation. It serves as a barrier between the two portions and minimizes remixing

thereof.

[0035] In accordance with one or more embodiments, the characterization
method may be carried out as a screening method. For example, in one or more
embodiments, the characterization method may be carried out prior to the specimen
being subjected to analysis (clinical chemistry or assaying) on one or more analyzers
of a specimen testing system. In one or more embodiments, the characterization of
the specimen may be determined at one or more quality check modules. The one or
more quality check modules may include one or more cameras arranged to provide
lateral 2D images of the specimen container and specimen from one or more
different lateral viewpoints. During image capture, the specimen container and
specimen may be illuminated by one or more light sources. The illumination may be
by one or more light panel assemblies in one or more embodiments. In particular, the
illumination may be provided by back lighting with the one or more light panel
assemblies in some embodiments. In others, the illumination may be by provided by
front lighting or even side lighting with one or more light panel assemblies. The light
sources may be spectrally-switchable light sources configured to switch between

multiple different spectra (e.g., having different nominal wavelengths).

[0036] In one or more embodiments, the characterization of the specimen
and/or specimen container may be carried out by using illumination with one or more
light panel assemblies, coupled with high dynamic range (HDR) image processing.
However, in one aspect, to achieve even higher dynamic range, the method may
undertake certain additional image capture and processing approaches. One or more
embodiments herein utilize both a “dark reference image” and “spectral reference
images” in combination with specimen images. In one or more embodiments, a
transmittance image data set is generated based upon each of the optimally-exposed
and normalized specimen image data, optimally-exposed and normalized dark
reference image data, and optimally-exposed and normalized spectral reference

image data. In one or more embodiments, the transmittance image data set is
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operated on by a multi-class classifier to classify the various components of at least

the specimen and/or specimen container.

[0037] The method of image processing may also be used to determine or
verify information about the specimen, such as if an artifact (e.g., clot, bubble, foam)
is present, and/or whether an interferent (e.g., hemolysis, icterus, and/or lipemia -
hereinafter “HIL”) is present. Furthermore, the method may be used to identify
characteristics of the specimen container, such as the container type (via

identification of height and width thereof), the cap type, and/or the cap color.

[0038] If after characterization according to the method, the serum or plasma
portion is found to contain an artifact, or H, |, or L, the specimen may be subjected to
further processing. If an artifact such as a clot, bubble, or foam is found, the
specimen container may be manually removed by an operator and may be sent for
further processing. After such further processing, the specimen may be allowed, in
some embodiments, to continue on and undergo routine analysis by the one or more
analyzers. In other cases, the specimen may be discarded and redrawn. If the
screening by the method finds that the specimen is normal (N), then the specimen

may be directly routed to undergo routine analysis by one or more analyzers.

[0039] In one or more embodiments, a quality check module may be
configured to carry out the image capture and processing according to the method.
The quality check module may be provided as part of the LAS where a track
transports the specimen to the one or more analyzers in a carrier, and the quality
check module may be provided at any suitable location on or along the track. In a
specific embodiment, the quality check module is provided on or adjacent to the track

and includes back lighting with one or more light panel assemblies.

[0040] The characterization may be accomplished in one or more
embodiments by using HDR image processing coupled with capture of dark
reference images and spectral reference images. By capturing the dark and spectral
reference images as well as the HDR images of the specimen and specimen
container, images may be obtained allowing excellent discrimination between the
various classes of components present in the image. The dark images may be
captured with all light sources of the light panel assemblies turned off, and without

the specimen or specimen container. The spectral reference images may be
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captured for each of the emission spectra, but without the specimen or specimen
container. The specimen images may be taken at the quality check module at
multiple exposure times and at multiple discreet spectra (e.g., having different
nominal wavelengths). In some embodiments, the images may be obtained using
multiple cameras arranged to take the images from different viewpoints. The
specimen and reference images may be produced using panelized back illumination
for each viewpoint, in some embodiments. Each of the specimen and reference
images may be processed by a computer in order to characterize (classify and and/or

quantify) the specimen, specimen container, or both.

[0041] Images at multiple exposures (e.g., exposure times) for each spectra
may be obtained at the quality check modules of the specimen and specimen
container. For example, 4-8 or more images at different exposure times may be
obtained for each wavelength spectra. Dark reference images may be obtained,
either before or after specimen imaging using HDR. Likewise, the spectral reference
images may be taken before or after specimen imaging using HDR. These multiple
specimen and reference images may then be further processed by a computer to
generate transmittance image data sets. The transmittance image data sets may be

operated upon by a multi-class classifier to yield characterization results.

[0042] Further details of the inventive imaging and characterization methods,
quality check modules, and specimen testing apparatus including one or more quality

check modules will be further described with reference to FIGs. 1- 7 herein.

[0043] FIG. 1 shows a specimen testing apparatus 100 capable of
automatically processing multiple ones of the specimen containers 102 (e.qg.,
specimen collection tubes - see FIGs. 2 and 3). The specimen containers 102 may
be contained in one or more racks 104 at a loading area 105 prior to transportation
to, and analysis by, one or more analyzers (e.qg., first analyzer 106, second analyzer
108, and third analyzer 110 that may be arranged about the specimen testing
apparatus 100). It should be apparent that more or less numbers of analyzers can be
used. The analyzers may be any combination of clinical chemistry analyzers and/or
assaying instruments, or the like. The specimen containers 102 may be a transparent
or translucent container, such as a blood collection tube, test tube, sample cup,
cuvette, or other generally clear glass or plastic container configured to contain a

specimen 212.

-10-
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[0044] Typically, the specimen 212 (FIGs. 2 and 3) to be automatically imaged
and processed may be provided to the specimen testing apparatus 100 in specimen
containers 102, which may be capped with a cap 214 (FIGs. 2 and 3 - otherwise
referred to as a “stopper”). The caps 214 may have different shapes and/or colors
(e.q., red, royal blue, light blue, green, grey, tan, or yellow, or combinations of colors),
which may have meaning in terms of what test the specimen container 102 is used
for, the type of additive contained therein, or the like. Other cap colors may be used.
According to one aspect, it may be desirable to image the cap 214 in order to
characterize information about the cap 214 and so that it can be used to cross check
with test orders.

[0045] Each of the specimen containers 102 may be provided with
identification information 215 (i.e., indicia), such as a barcode, alphabetic, numeric,
alphanumeric, or combination thereof that may be machine readable at multiple
locations about the specimen testing apparatus 100. The identification information
215 may indicate, or may otherwise be correlated, via a Laboratory Information
System (LIS) 147, to a patient’s identification as well as tests to be accomplished
upon the specimen 212, or other information from the LIS system 147, for example.
Such identification information 215 may be provided on a label 218 adhered to, or
otherwise provided on the side of, the specimen container 102. The label 218
generally does not extend all the way around the girth of the specimen container 102,
or all along a height of the specimen container 102. In some embodiments, multiple
ones of the label 218 may be adhered, and may slightly overlap each other.
Accordingly, although the label(s) 218 may occlude a view of some portion of the
specimen 212, some portion of the specimen 212 may still be viewable from one or
more viewpoints. In some embodiments, the racks 104 may have additional
identification information thereon. One or more embodiments of the method and
quality check modules described herein enable the characterization of the specimen

212 without any rotation of the specimen container 102.

[0046] As best shown in FIGs. 2 and 3, the specimen 212 may include a
serum or plasma portion 212SP and a settled blood portion 212SB contained within
the tube 212T. Air 212A may be provided above the serum and plasma portion
212SP and the line or demarcation between the air 212A and the serum and plasma

portion 212SP is defined herein as the liquid-air interface (LA). The line of

-11-
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demarcation between the serum or plasma portion 212SP and the settled blood
portion 212SB is defined herein as the serum-blood interface (SB), and is shown in
FIG. 2. The interface between the air 212A and the cap 214 is referred to herein as
the tube-cap interface (TC). The height of the serum or plasma portion 212SP is
(HSP) and is defined as the height from the top of the serum or plasma portion
212SP to the top of the settled blood portion 212SB, i.e., from LA to SB in FIG. 2.
The height of the settled blood portion 212SB is (HSB) and is defined as the height
from the bottom of the settled blood portion 212SB to the top of the settled blood
portion 212SB at SB in FIG. 2. HTOT in FIG. 2 is the total height of the specimen 212
and HTOT = HSP + HSB.

[0047] In cases where a gel separator 313 is used (see FIG. 3), the height of
the serum or plasma portion 212SP is (HSP) and is defined as the height from the
top of the serum or plasma portion 212SP at LA to the top of the gel separator 313 at
SG in FIG. 3. The height of the settled blood portion 212SB is (HSB) and is defined
as the height from the bottom of the settled blood portion 212SB to the bottom of the
gel separator 313 at BG in FIG. 3. HTOT in FIG. 3 is the total height of the specimen
212 and is defined as HTOT = HSP + HSB + height of the gel separator 313 as
shown in FIG. 3. In each case, the wall thickness is Tw, the outer width is W, and the
inner width Wi of the specimen container 102 may be determined. The height of the
tube (HT) is defined herein as the height from the bottom-most part 212B of the tube
212T to the bottom of the cap 214.

[0048] In more detail, specimen testing apparatus 100 may include a base 120
(e.q., aframe or other structure) upon which a track 121 may be mounted or rest.
The track 121 may be a railed track (e.g., mono-rail or multiple-rail track), a collection
of conveyor belts, conveyor chains or links, moveable platforms, or any other suitable
type of conveyance mechanism. Track 121 may be circular, serpentine, or any other
suitable shape and may be a closed track (e.g., endless track) in some embodiments.
Track 121 may, in operation, transport individual ones of the specimen containers

102 to destination locations spaced about the track 121 in carriers 122.

[0049] Carriers 122 may be passive, non-motored pucks that may be
configured to carry a single specimen container 102 on the track 121, where the track
121 is moveable. Optionally, carrier 122 may be automated including an onboard

drive motor, such as a linear motor and is programmed to move about the track 121

-12-
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and stop at pre-programmed locations, where the track 121 is stationary. In either
case, the carriers 122 may each include a holder 122H (FIGs. 4A-4B) configured to
hold the specimen container 102 in a defined generally upright position. The holder
122H may include a plurality of fingers or leaf springs that secure the specimen
container 102 in the carrier 122, but are laterally moveable or flexible to
accommodate for different sizes of specimen containers 102 to be received therein.
In some embodiments, the carrier 122 may include multiple receptacles therein. In
some embodiments, carriers 122 may exit from the loading area 105 having one or
more racks 104 staged thereat. In some embodiments, loading area 105 may serve a
dual function of allowing offloading of the specimen containers 102 from the carriers
122 after analysis thereof is completed. Otherwise, a suitable offloading lane (not

shown) may be provided elsewhere on the track 121.

[0050] A robot 124 may be provided at the loading area 105 and may be
configured to grasp the specimen containers 102 with a gripper (not shown) from the
one or more racks 104 and load the specimen containers 102 onto the carriers 122,
such as on an input lane or other location of the track 121. Robot 124 may also be
configured and operable to remove specimen containers 102 from the carriers 122
upon completion of testing. The robot 124 including one or more (e.q., at least two)
robot arms or components capable of Xand Z, Y and Z, X, Y, and Z, r and theta, orr,
theta, and Z motion. Robot 124 may be a gantry robot, an articulated arm robot, an
R-theta robot, or other suitable robot wherein the robot 124 may be equipped with
robotic gripper fingers that may be sized to pick up and place the specimen
containers 102.

[0051] Upon being loaded onto track 121, the specimen containers 102 carried
by carriers 122 may, in some embodiments, progress to a centrifuge 125 (e.qg.,
configured to carry out fractionation of the specimen 212). Carriers 122 carrying
specimen containers102 may be diverted to the centrifuge 125 by inflow lane 126 or
a suitable local robot (not shown). After being centrifuged, the specimen containers
102 may exit on outflow lane 128, or otherwise be moved by the local robot, and
continue on the track 121. In the depicted embodiment, the specimen container 102
in carrier 122 may next be transported to a quality check module 130 to be further

described herein with reference to FIGs. 4A-4C.
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[0052] The quality check module 130 is configured and adapted to
characterize the specimen 212 contained in the specimen container 102, and may be
adapted to characterize the specimen container 102 in some embodiments.
Quantification of the specimen 212 may take place at the quality check module 130
and may include determination of HSP, HSB, or even HTOT, and determination of
location of LA, SB or SG, and/or BG). The quality check module 130 may also be
configured for determining a presence of an interferent in the serum or plasma
portion 212SP of the specimen 212, such as one or more of hemolysis (H), icterus (1),
and/or lipemia (L). In some embodiments, the serum or plasma portion 212SP of the
specimen 212 may also be tested for the presence of an artifact (e.g., clot, bubble, or
foam) at the quality check module 130. In some embodiments, quantification of the
physical attributes of the specimen container 102 may take place at the quality check
module 130, such as determining HT, tube outer width (W) and/or tube inner width

(Wi), TC, or even cap color and/or cap type.

[0053] Once the specimen 212 is characterized, the specimen 212 may be
forwarded to be analyzed in the one or more analyzers (e.qg., first, second and third
analyzers 106, 108, and/or 110) according to the ordered tests before returning each

specimen container 102 to the loading area 105 for offloading.

[0054] In some embodiments, a remote station 132 may be provided on the
specimen testing apparatus 100 even though the remote station 132 is not directly
linked to the track 121. For instance, an independent robot 133 (shown dotted) may
carry specimen containers 102 containing specimens 212 to the remote station 132
and return them after testing/processing/characterization. Optionally, the specimen
containers 102 may be manually removed and returned. Remote station 132 may be
used to test for certain constituents, such as a hemolysis level, or may be used for
further processing, such as to lower a lipemia level through one or more additions, or
to remove a clot, bubble or foam, for example. Other testing, processing or
characterization may be accomplished on remote station 132. Furthermore,
additional stations (not shown), including additional quality check modules 130, may
be arranged around the track 121 at various desirable locations, such as a de-

capping station, or the like.

[0055] The specimen testing apparatus 100 may include sensors 116 at one or

more locations around the track 121. Sensors 116 may be used to detect a location
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of specimen containers 102 along the track 121 by means of reading the
identification information 215 (FIG. 2) placed on the specimen container 102, or like
information (not shown) provided on each carrier 122. In some embodiments, a
barcode may be provided on the carrier 122. Optionally, a distinct RFID chip may be
embedded in each carrier 122 and conventional barcode reader or RFID reader may
be employed in the tracking operation, for example. Other means for tracking the
location of the carriers 122 may be used, such as proximity sensors. All of the
sensors 116 may interface with the computer 143 so that the location of each

specimen container 102 may be known at all times.

[0056] Centrifuge 125 and each of the analyzers 106, 108, 110 may be
generally equipped with robotic mechanisms and/or inflow lanes (e.g., inflow lanes
126, 134, 138, 144) configured to remove carriers 122 or specimen containers 102
from the track 121, and robotic mechanisms and/or outflow lanes (e.g., outflow lanes
128, 136, 141 and 146) configured to reenter carriers 122 or specimen containers
onto the track 121.

[0057] Specimen testing apparatus 100 may be controlled by the computer
143, which may be a microprocessor-based central processing unit (CPU), having a
suitable memory and suitable conditioning electronics, drivers, and software for
operating the various components. Computer 143 may be housed as part of, or
separate from, the base 120. The computer 143 may operate to control movement of
the carriers 122 to and from the loading area 105, motion about the track 121, and
motion to and from the centrifuge 125, motion to and from the quality check module
130. Computer 143 may also control operation of the quality check module 130.
Computer 143 or a separate computer may control operation of the centrifuge 125,
and motion to and from each analyzer 106, 108, 110. Usually a separate computer

may control operation of each analyzer 106, 108, 110.

[0058] For all but the quality check module 130, the computer 143 may control
the specimen testing apparatus 100 according to software, firmware, and/or
hardware commands or circuits such as those used on the Dimension® clinical
chemistry analyzer sold by Siemens Healthcare Diagnostics Inc. of Tarrytown, New
York, and such control is typical to those skilled in the art of computer-based
electromechanical control programming and will not be further described herein.

However, other suitable systems for controlling the specimen testing apparatus 100
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may be used. The control of the quality check module 130 may also be provided by
the computer 143, but according to an inventive imaging method, as will be further

described in detail herein.

[0059] Embodiments of the present invention may be implemented using a
computer interface module (CIM) 145 that allows the user to readily access a variety
of status and control display screens. These status and control screens may describe
some or all aspects of a plurality of interrelated automated devices used for
preparation and analysis of specimens 212, as well as information describing the
location of any specimen 212 and status of tests to be performed on, or being
performed on, the specimen 212. The CIM 145 may thus be adapted to facilitate
interactions between an operator and the specimen testing apparatus 100 and may
include a display screen adapted to display a menu including icons, scroll bars,

boxes, and buttons.

[0060] In one aspect, screening the specimen 212 in accordance with one or
more embodiments of the invention allows accurate quantification of the relative
amounts of the serum or plasma portion 212SP and/or the settled blood portion
212SB, and/or a ratio there between. Further, screening may determine physical
vertical locations of LA, SB or SG, and/or a bottom-most part 212B of specimen
container 102 or another datum. Quantification ensures that the specimen 212 can
be stopped from progressing on to the one or more analyzers 106, 108, 110, if there
is insufficient amount of serum or plasma portion 212SP available to carry out the
ordered tests. In this way, inaccurate test results may be avoided via avoiding the

possible aspiration of air.

[0061] Advantageously, the ability to accurately quantify the physical location
of LA and SB or SG may minimize not only the possibility of aspirating air, but also
minimize the possibility of aspirating either settled blood portion 212SB or gel
separator 313 (if the gel separator 313 is present). Thus, clogging and contamination
of the specimen aspirating probe used to aspirate serum or plasma portion 212SP for

the analyzers 106, 108, 110 may be avoided or minimized.

[0062] With reference to FIGs. 4A-4C, a first embodiment of a quality check
module 130 including a spectrally-switchable light source 449 embodied as a light

panel assembly 450 including switchable light sources is shown and described.

-16-



WO 2017/132172 PCT/US2017/014778

Quality check module 130 may be configured and adapted to automatically
characterize the specimen 212 (e.g., the serum or plasma portion 212SP, the settled
blood portion 212SB, or both) and/or may also characterize the specimen container
102. The information obtained by the quality check module 130 may allow for precise
aspiration probe and gripper positioning, determination that a sufficient amount (e.qg.,
volume or height) of the liquid portion is available for the tests ordered, identification
of H, |, or L, and/or determining the presence of an artifact (clot, bubble, or foam).
Thus, using the quality check module 130 may help avoiding gripper crashes, probe
clogging, air aspiration by the probe, identify HIL, and/or identify an artifact so that
valuable analyzer resources are not wasted and that confidence in the test results of

the analyzers (e.g., analyzers 106, 108, 110) may be improved.

[0063] Now referring to FIG. 4A, a first embodiment of a quality check module
130 is shown. Quality check module 130 may include a camera 440 that may be
conventional digital camera capable of capturing a digital image (i.e., a pixelated
image). Pixel as used herein may be a single pixel. In some instances, processing of
the images by computer 143 may be by processing superpixels (a collection or
grouping of pixels) to lower computational burden. However, camera 440 may be a
charged coupled device (CCD), an array of photodetectors, one or more CMOS
sensors, or the like in some embodiments. The camera 440, in this embodiment, is
configured to take multiple images of the specimen container 102 and specimen 212
from a single lateral viewpoint. The camera 440 may be capable of taking a digital
image having any suitable image size, such as 2560 pixels x 694 pixels in some
embodiments. In another embodiment, the camera 440 may have an image size of

1280 pixels x 384 pixels. Other pixel densities may be used.

[0064] The camera 440 may be provided in close proximity to, and trained or
focused to capture an image window at an imaging location 441 including an
expected location of the specimen container 102. In some embodiments, the
specimen container 102 may be placed at or stopped at the imaging location 441,
such as by stopping on a track 121 or being placed at the imaging location 441 by a
robot, so that it is approximately located in a center of the image window. As
configured, the camera 440 can generate images that include portions of the serum
or plasma portion 212SP, portions of the settled blood portion 212SB, some of the
cap 214, and the bottom-most part 212B of the tube 212T, and a reference datum
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442, for example. The reference datum 442 may aid in quantification of the specimen
212 and determining a vertical location of the specimen container 102 within the view
window. Reference datum 442 may be a visible mark or marks (e.g., one or more
crosses, rings, etc.) placed on the specimen container 102 at a known vertical
location, for example, that can be viewed regardless of the rotational orientation of

the specimen container 102 in the holder 122H of the carrier 122.

[0065] Referring now to FIGs. 4A-4C, the quality check module 130 may
include spectrally-switchable light source 449 as an active backdrop provided by the
light panel assembly 450 to provide spectrally-switchable backlighting. The light
panel assembly 450 may include a frame 452, a light guide 454, and a light source
456 operational to cause light emission from a panel front surface 450S thereof. In
the depicted embodiment, the light source 456 may be aligned with and emit light into
the lateral edges 454L (e.q., the side edges) of the light guide 454 as best shown in
FIG. 4C. The light panel assembly 450 may further include a diffuser 457, where one
surface of the diffuser 457 is the panel front surface 450S of the light panel assembly
450.

[0066] The frame 452 may be made of a rigid material, such as plastic, and
may include suitable fastening structures, such as bores 455 that are adapted to be
mounted onto fixed mounting rods (not shown) adjacent to the imaging location.
Other suitable mounting features may be included for mounting the light panel
assembly 450 in a fixed orientation relative to the imaging location 441. Frame 452
may include a pocket 458 that may include an open front and top and a back surface
458B and bottom that are configured to receive and position the, light source 456,
light guide 454, and the diffuser 457 (if used) therein. The light source 456, light
guide 454, and diffuser 457 may be inserted into the pocket 458 from the top and
secured in place with securement member 459 in some embodiments. Other means
for securing the light source 456, light guide 454, and the diffuser 457 in the frame
452 may be used. The light guide 454 may be made of a suitably transparent light
guide material including light diffusing capability, such as provided by a plastic sheet
including internal light diffusing particles or other means of internal light diffusion.
One suitable material is Acrylite LED® EndLighten, a product available from Evonik
Industries AG of Essen, Germany. The light guide 454 may be made of a sheet

having a width of between about 60mm and about 150mm, a height of between
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about 120mm and 180mm, and a thickness of between about 3mm and about 5 mm,
for example. Sheets of different dimensions may be used. In one embodiment useful
for backlighting, the light guide 454 may be made of a sheet having a width of about
60mm, a height of about 150mm, and a thickness of about 4mm, for example. Other

suitable sizes may be used.

[0067] In the depicted embodiment of FIGs. 4A and 4B, the light guide 454
functions by guiding light emitted laterally into the lateral edges thereof by light arrays
456L (LED strip modules) of the light source 456 through the bulk material of the light
guide 454 and emitting light on the front surface 454Fand rear surface 454R of the
light guide 454 due to light interactions with the light diffusing particles therein. In
some embodiments, the rear surface 454R of the light guide 454 may include a
highly-reflective material formed thereon to reflect or backscatter any light
transmission passing towards the back surface 458B and direct it back into the bulk
material of the light guide 454 so that it may then be emitted from the front surface
454F. Optionally, a highly-reflective material may be provided on the back surface
458B of the frame 452 or as an individual element between the back surface 458B
and the light guide 454. The highly-reflective material may be provided as a mirror or
a white plastic element in some embodiments. The light emitted from the front
surface 454F is radiated substantially uniformly across the entire surface of the light
guide 454 and illuminates the specimen container 102 and specimen 212. The
highly-reflective material may be advantageous in cases where light emission power
of the light panel assembly 450 is to be maximized. In cases where light emission
power is not critical, a light absorbing material may be provided on the back surface
458B of the frame 452 or as an individual element between the back surface 458B
and the light guide 454 to reduce backscattering of light incident on the panel front

surface 450S, which may enhance signal quality for optical analysis.

[0068] The light source 456 may include light arrays 456L arranged adjacent to
both lateral edges 454L of the light guide 454. The light arrays 456L may be LED
strip modules including a linear array of individual lighting elements (e.g., light
emitting diodes - LEDs) arranged linearly along the lateral edges 454L of the light
guide 454. The light arrays 456L each may include a plurality of LEDs, such as
between about 8 and 80 LEDs, for example, that may be arranged on a circuit board

with a connector 456C provided to allow electrical connection to the computer 143.
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The light arrays 456L may be provided along the respective sides of the pocket 458
and are configured such that the emitting portion of each of the lighting elements
(e.g., LEDs) are provided directly adjacent to the lateral edges 454L, and even

touching the lateral edge 454L, if possible.

[0069] The light arrays 456L provide switchable multi-spectral illumination. For
example, in one embodiment, the light arrays 456L may include a plurality of
independently-switchable lighting elements, or lighting elements that may be
switchable in groups, such as LEDs that have different light emission spectra. The
switching of the lighting elements may be accomplished by software operable on the
computer 143 coupled with an appropriate power source and one or more drivers.
Thus, the light panel assembly 450 may be illuminated at multiple different spectra
(e.g., having different nominal wavelengths) by selecting only some of the lighting
elements for illumination at a time. For example, LEDs may include different colored
LEDs such as red LEDs 460 (R), green LEDs 461 (G), and blue LEDs 462 (B) that
emit light at different spectra. The light panel assembly 450 may emit red light at
634nm +/- 35nm, green at 537nm+/-35nm, and blue at 455nm +/-35nm, for example.
In particular, the light arrays 456L may include clusters of R, G, & B LEDs 460, 461,
462 that may be repeatedly arranged along the height of the light arrays 456L. Oslon
SSL model LEDs available from Osram Opto Semiconductors GmbH of Regensburg,
Germany may be used, for example. However, other suitable LEDs or light sources
may be used, such as ultraviolet (UV) light sources, near infrared (NIR) light sources,
or even infrared light sources, for example. Each of the same-colored LEDs or light
sources may be illuminated at once. For example, each or the red LEDs 460 may be
turned on simultaneously to provide red illumination from the light panel assembly
450 to illuminate the specimen container 102 containing specimen 212 during
imaging thereof. Likewise, each of the green LEDs 461 may be turned on
simultaneously to provide green illumination during imaging. Similarly, each of the
blue LEDs 462 may be turned on simultaneously to provide blue illumination during
imaging. It should be recognized that R, G, and B are only examples, and that other
spectral light sources may be used. Thus, it should be apparent that the light panel
assembly 450 can be configured as a switchable, multi-spectral emitter thus
illuminating the specimen 212 and specimen container 102 sequentially at different

spectra.
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[0070] In some embodiments, some of the lighting elements may include white
light sources, such that white light (e.g., wavelength range of about 400nm to about
700nm) may be selected for certain types of imaging. In other embodiments, UV
lighting elements (wavelength range of about 10nm to about 400nm), NIR lighting
elements (wavelength range of about 700nm to about 1200 nm), or even IR lighting
elements (wavelength range of about 1200nm to 2500nm) may be included. Thus,
the light panel assembly 450 may include at least two switchable lighting elements
having different emission spectra. In some embodiments, narrowband, switchable R,
G, and B lighting elements may be provided. In some embodiments, switchable R, G,
B, and broadband, white lighting elements may be provided. In yet other
embodiments, narrowband, switchable R, G, B, and UV lighting elements may be
provided. In yet other embodiments, narrowband, switchable R, G, B, and NIR
lighting elements may be provided. In yet other embodiments, narrowband,
switchable R, G, B, and broadband white, and NIR lighting elements may be
provided. Any combination of two or more of switchable UV, R, G, B, or broadband
white, NIR, or IR lighting elements may be provided in the light panel assembly 450.
For NIR, in some embodiments a narrowband LED having a wavelength of 850nm +/-
20nm may be used. In such embodiments, the combination of switchable lighting
elements may be provided in equal amounts and generally evenly spaced along the
height of the light guide 454.

[0071] The light panel assembly 450 may optionally include a diffuser 457
including diffusing properties. Diffuser 457 may be provided as a sheet of Acrylite®
Satince available from EVONIK of Essen, Germany in some embodiments, for
example. The 0D010 DF colorless was found to work well. The diffuser 457 may be a
sheet having height and width dimensions approximately the same as the light guide
454 and a thickness of between about 2mm and about 4 mm, for example. The
diffuser 457 functions by scattering light passing through it. The diffuser 457 and the
light guide 454 may be provided in spaced relationship to one another with a slight
gap formed there between. The gap may be, for example, between about 1mm and
about 5mm, and about 2.4mm in some embodiments. The quality check module 130
may include a housing 446 (shown dotted) that may at least partially surround or
cover the track 121. The housing 446 may be a box-like structure provided to

eliminate outside lighting variances.
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[0072] Another embodiment of quality check module 430 including a light
panel assembly 450W is shown and described in FIG. 4D. Quality check module 430
may be configured and adapted to automatically characterize the specimen 212
and/or the specimen container 102 at the imaging location 441. Quality check module
430 may include a camera 440, as described above, that is configured to take

images from a single lateral viewpoint.

[0073] The light panel assembly 450W may be constructed as previously
indicated, however in this embodiment the LEDs or lighting elements arranged along
the height of the light guide 454 may be white light LEDs or other white light elements
emitting elements. The emitted white light range may be over a wavelength range of
about 400nm to about 700nm. In this embodiment, the spectrally switchable light
source 449 includes the light panel assembly 450W and a filter assembly 463
arranged in a line of sight between the camera 440 and the light panel assembly
450W. The filter assembly 463 may be a mechanically-switchable filter assembly,
where two or more (three as shown) filter elements 464A, 464B, 464C may be
individually moved into the view window at selected times. Each of the filter elements
464A, 464B, 464C may comprise a band-pass filter having a designed wavelength
range of light that is allowed to pass through, while other wavelengths outside the
range are effectively blocked. For example, the blue band-pass range for filter
element 464A may be 455nm +/-35nm (e.q., blue), the green band-pass range for
filter element 464B may be 537nm +/-35nm (e.g., green), and the red band-pass
range for filter element 464C may be 634nm +/-35nm (e.g., red). Other numbers
and/or transmission spectra of multiple filter elements may be used. For example, a
broadband lighting element coupled with a selectable filter allowing certain selected
NIR spectra to pass may be used in some embodiments. In other embodiments,
combinations of white light lighting elements and NIR lighting elements may be used
to emit broadband emissions (e.g., 400nm-2500nm), which may then be filtered with
multiple selectable band-pass filters to allow only desired narrowband spectra to

pass.

[0074] The filter assembly 463 may be moveable in front of the viewing
window of the camera 440 by a drive assembly 468 so that each of the filter elements
464A, 464B, 464C can be individually selected to filter the light received from the light

panel assembly 450W as transmitted through the specimen container 102 and
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specimen 212. The drive assembly 468 may include a linear rack 469 attached to
and moveable with the filter assembly 463. Suitable bearings or slides may be
provided (not shown) to allow the filter assembly 463 to translate smoothly. A pinion
or gear 470 may be driven by a motor 471 via control signals from the computer 143
to move the linear rack 469 and the filter assembly 463 to align the various filter
elements 464A, 464B, 464C with the camera 440 as selected. Other suitable
techniques and mechanisms for moving filter assembly 463 or exchanging the filter
elements 464A, 464B, 464C may be used, such as a linear motor, or even a

rotational filter wheel.

[0075] With reference to FIGs. 4E-4F, another embodiment of a quality check
module 430 including spectrally-switchable light sources is shown and described.
Quality check module 430 may include multiple cameras 440A-440C and multiple
light panel assemblies 450A-450C that are selectively switchable to multiple spectra
as described above. Quality check module 430A may be configured and adapted to

automatically characterize the specimen 212 and/or the specimen container 102.

[0076] Three cameras 440A-440C are shown in FIG. 4E, but two or more,
three or more, or even four or more cameras can be used. To minimize edge
distortion, three or more cameras 440A-440C may be used. Cameras 440A-440C
may be the same as camera 440 discussed above. For example, three cameras
440A, 440B, 440C are illustrated in FIG. 4E and are configured to take images from
multiple (e.g., three) different lateral viewpoints. Each camera 440A, 440B, 440C may
be capable of taking a digital image having an image size as discussed above, for

example.

[0077] Each camera 440A-440C may be configured and operable to take
multiple lateral images of at least a portion of the specimen container 102 and at
least a portion of the specimen 212. The images taken according to the method may
include images at different wavelengths, at different exposures, and may also include
reference images, such as dark reference images and spectral reference images as
will be described below. For example, the cameras 440A-440C may capture a part of
the label 218 or cap 214, part of the tube 212T, and the specimen 212 (see FIGs. 2-
3). Eventually, from the multiple images, 2D data sets, including reference image
data, may be generated by each camera and stored in memory in the computer 143.

From these 2D data sets for each viewpoint, a detailed composite model of the
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specimen 212 in the specimen container 102 can be developed. The composite
model may be a 3D model in some embodiments, and may be used to make final
determinations about the specimen 212, or to confirm determinations made by using
the 2D data from the images taken by the individual cameras 440A-440C.

[0078] In the embodiment shown, the plurality of cameras 440A-440C are
arranged around the imaging location 441 and configured to capture lateral images
from multiple viewpoints. The viewpoints may be spaced so that they are
approximately equally spaced from one another, such as about 120 degrees from
one another, as shown, when three cameras 440A, 440B, 440C are used. As
depicted, the cameras 440A-440C may be arranged around the edges of the track
121. Other arrangements and spacing of the plurality of cameras 440A-440C may be
used. In this way, the images of the specimen 212 in the specimen container 102
may be taken while the specimen container 102 is residing in the carrier 122 on the

track 121. The images may overlap slightly in some embodiments.

[0079] In one or more embodiments, the carriers 122 may be stopped at a pre-
determined location in the quality check module 430A, such as at a point where the
optical axes of each camera 440A-440C intersect with each other at the imaging
location 441. In some embodiments, a gate may be provided to stop the carriers 122,
so that good quality images may be taken. Gate may be opened and closed in
response to a signal provided by computer 143. In other embodiments, the carriers
122 may include a linear motor configured to stop the carrier 122 at desired locations,
as programmed, and to move the carrier 122 to the next station on the track 121
subject to program signals. In embodiments including a gate at the quality check
module 430A, one or more sensors (like sensors 116) may be used to determine the

presence of a carrier 122 at the quality check module 430A.

[0080] The cameras 440A-440C may be provided in close proximity to and
trained or focused to capture an image window, i.e., an imaging location including an
expected location of the specimen container 102, wherein the specimen container
102 may be stopped so that it is approximately located in a center of the view
window. As configured, the cameras 440A-440C can capture images that include
portions of the serum or plasma portion 212SP, portions of the settled blood portion
212SB, some or all of the cap 214, and a bottom-most part 212B of the tube 212T or

a reference datum 442. The reference datum 442 may aid in quantification of the
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specimen 212. Reference may be made to TC, the bottom-most part 212B of the
specimen container 102, or to the reference datum (e.g., a visible mark placed on the

specimen container 102 in a known location), for example.

[0081] In operation, each image being taken may be triggered and captured
responsive to a triggering signal send by computer 143 and provided in
communication lines 443A-443C when the computer 143 receives a signal or
otherwise determines that the carrier 122 is located at the desired location in the
quality check module 430A. Each of the captured images may be processed
according to one or more embodiments of the method provided herein. In particular,
HDR image processing may be used to capture and process the images in order to
characterize the specimen 212 and specimen container 102 with a high level of detail
and informational content. The method may include capturing reference images

either prior to or after screening.

[0082] In more detail, multiple images may be captured of the specimen 212 at
the quality check module 430A at multiple different exposures times, at multiple
different spectra (or one or more wavelength ranges), and from different viewpoints.
For example, each camera 440A-440C may take 4-8 or more images at different
exposures times and at the multiple wavelengths. Other numbers of exposure time
images may be taken. Reference images, including a dark reference image for each
viewpoint and spectral reference images for each viewpoint may be taken by

cameras 440A-440C according to an embodiment of the imaging method.

[0083] In one embodiment, the multiple spectral images may be accomplished
as back illuminated by using the light panel assemblies 450A-450C. The spectrally-
switchable light sources 449 embodied as the light panel assemblies 450A-450C may
back light the specimen container 102 as shown in FIGs. 4E-4F and may include
switchable light sources, as described above. Optionally, in another embodiment,
light panel assemblies 450A-450C may back light the specimen container 102 with
white light between 400nm and 700nm or even broadband light (e.g., between
400nm and 2000nm) and selectable band-pass filters may be used to capture
images at multiple selected spectra as discussed above, for example. Thus, in each
embodiment, the spectrally-switchable light source provides multiple emission
spectra that are switchable between spectra (e.g., colors R, G, B, and others). The

capture and use of the multiple images illuminated at different selectable spectra
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increases the information content for analysis and may emphasize certain

characteristic absorption spectra.

[0084] For example, to capture images illuminated at a first spectrum, the red
LEDs 460 of each of the light panel assemblies 450A-450C (nominal wavelength of
about 634nm with a spectral variation of about +/-35nm) may first be used to
illuminate the specimen 212 from three lateral locations. The red illumination by the
light panel assemblies 450A-450C may be provided as the multiple images (e.g., 4-8
or more images) at different exposures are captured by each camera 440A-440C. In
some embodiments, the exposure times may be varied between about 0.1ms and
256ms. Other exposure times may be used. Each of the respective exposure time
images being illuminated with red light for each camera 440A-440C may be taken

simultaneously and stored in memory in computer 143.

[0085] Once the red illuminated images are captured, the red LEDs 460 may
be turned off and another light spectrum, for example, green LEDs 461 may be
turned on (nominal wavelength of about 537nm with a spectral variation of about +/-
35nm), and multiple images (e.g., 4-8 or more images) at different exposures may be
captured at that nominal wavelength by each camera 440A-440C. This may be
repeated with blue LEDs 462 (nominal wavelength of about 455nm with a spectral
variation of about +/-35nm) for each camera 440A-440C. In some embodiments, light
panel assemblies 450W may be accomplished via use of white light LEDs coupled
with the use of exchangeable filter assemblies 463 as described with reference to
FIG. 4D. The light panel assemblies 450A-450C or 450W may provide homogeneous

light emission over the entire field of view of the cameras 440A-440C.

[0086] In yet other embodiments, the light panel assemblies 450A-450C may
include a light source matrix of individual light sources (e.g., R, G, and B LEDS)
provided behind the diffuser 457, each of which may be individually switchable or
switchable in color groups. Thus, different colored lighting (e.g., R, G, B and/or a
multitude of other colors) can be selectively turned on and off, for example, to

illuminate the imaging location 441 at multiple selectable spectra of light.

[0087] In yet other embodiments, light panel assemblies 450A-450C may back
light the specimen container 102 with broadband light (e.g. between 400nm and

2000nm) and one or more spectrally-selective cameras may be used as the cameras
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440A-440C. The spectrally-selective camera (also multispectral or hyperspectral
camera) is suited to generate spectrally-selective images, i.e. multiple images at
respective discrete spectra (e.g., R, G, B and/or a multitude of other colors). The
spectrally-selective camera may comprise a spectral filter pattern similar to the Bayer
pattern spectral filter of a conventional color camera, but with potentially different
wavelengths relevant for analysis of the serum or plasma portion 212SP. The filter
pattern results in spectral selectivity on the pixel level, e.g. one pixel may be suited to
receive light at one nominal wavelength and another pixel may be suited to receive
light at a different nominal wavelength. Therefore, using one preferably broadband
illumination spectrum, multiple images acquired at multiple respective spectra can be
generated. Other techniques to achieve spectral selectivity in a camera can be used.
The one or more spectrally-selective cameras may be used in combination with one
or more spectrally-switchable light sources to provide more imaging options while

using less light sources.

[0088] In the various embodiments, the quality check module 130, 430, 430A,
430B may include a housing 446 that may at least partially surround or cover the
track 121, and the specimen container 102 may be located inside the housing 446
during the specimen image taking and reference image taking phases. Housing 446
may include one or more doors 446D to allow the carriers 122 to enter into and/or
exit from the housing 446. In some embodiments, the ceiling may include an opening
4460 to allow a specimen container 102 to be loaded into the carrier 122 by a robot

including a gripper adapted to grasp the specimen container 102.

[0089] In another embodiment, as best shown in FIG. 4G, the specimen
container 102 may be illuminated in the quality check module 430B, such as by
including light panel assemblies 450D, 450E, and 450F arranged across from the
respective cameras 440A-440C. In this embodiment, the cameras 440A-440C may
be digital monochrome cameras and the spectrally switchable light source 449
including light panel assemblies 450D, 450E, and 450F may emit selectively
switchable spectra, such as R,G, and B spectra at approximately 634nm +/- 35nm,

537nm +/- 35nm, and 455nm +/- 35nm, respectively.

[0090] In this alternate embodiment, it is possible to achieve multiple
illumination modes that may be desirable for different types of characterizations by

focusing on transmissive imaging, absorbance imaging, and/or reflective imaging. For
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example, with the configuration of FIG. 4G, the imaging location 441 may include
frontlit and backlit illumination or various combinations thereof using the light panel
assemblies 450D, 450E, and 450F. In the depicted embodiment, the light panel
assemblies 450E, 450F are arranged such that the frontal surfaces 450SE, 450SF
are substantially parallel with one another and may be substantially parallel with the
direction of the track 121. For example, illumination of light panel assemblies 450E
and 450F, with light panel assembly 450D not being illuminated, may be used to front
illuminate the specimen 212 and specimen container 102 for the camera 440A. In
some embodiments, the camera 440A may be a monochrome camera and the front
lighting may occur during imaging at multiple spectra by switching the illumination by
the light panel assemblies 450E and 450F between multiple discreet spectra, such as

from red (R) to green (G) to blue (B), and/or to other spectra, in any order.

[0091] In an optional embodiment, the light panel assemblies 450E and 450F
may front light the imaging location 441 with white light and the camera 440A may be
a color camera. Multiple images at different exposures may then be taken by camera
440A. Each image taken by camera 440A may be stored in memory of the computer
143 and then separated into color components at multiple wavelengths to provide the
captured specimen images at multiple spectra. For example, computer 143 may
separate the images into at least three captured spectra between about 400nm and
about 700nm. For example, RGB components having nominal wavelengths at about
455nm, 537nm, and 634nm, respectively, may be separated out of the image data
stored by the computer 143 to generate the multi-spectral, multi-exposure captured
images from the frontlit viewpoint. Images may be taken, as before, via signals from
the computer 143 in lines 443A while being illuminated by the light panel assemblies
450E and 450F. Such frontlit imaging may be suitable for determining color of the cap
214, determining the location of the label 218, reading a barcode, or even for

segmentation, for example.

[0092] In another embodiment all three cameras and all three light panel
assemblies 450D-450F may be operable and the light panel assemblies 450D-450F
may act as back lighting sources for the cameras 440A-440C for transmissive
imaging such as for an absorbance measurement, such as for HIL detection, artifact

detection, or even segmentation, for example. Other uses may be possible.
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[0093] In yet another configuration, the side lighting mode may be provided by
the quality check module 430B. The side lighting may be accomplished, for example,
by illuminating with light panel assembly 450D and imaging with camera 440B or
440C or both. The illumination mode may be used for turbidity analysis or for

determining refractive index, for example. Other uses may be possible.

[0094] For each of the above setups, all of these multiple images taken at
multiple exposure times for each respective wavelength (e.g., R, G, and B, and/ or
white light, and/or other spectra) may be obtained in rapid succession, such that the
entire collection of images for the specimen 212 from multiple viewpoints may be

obtained in less than about 2s, for example. Other lengths of time may be used.

[0095] For example, using the quality check module 130 of FIGs. 4A, 4
different exposure images for each spectrum using the camera 440 and back lighting
with spectrally-switchable light source 449 comprising light panel assembly 450 will
result in 4 images x 3 colors x 3 cameras = 36 images. In another example using the
quality check module 430B of FIGs. 4G, 4 different exposure images using the
camera 440A and front lighting with white light sources of the light panel assemblies
450E, 450F will result in 4 images x 3 cameras = 12 images. However, RGB images
may then be captured by the computer 143 by separating the white light images
taken into the individual RGB components thereof. Thus, after separation, 36 images
are also captured. The 2D image data may be stored in memory of the computer 143
along with the reference images and subsequently further processed thereby.

Additional reference images may be taken, as will be described below.

[0096] According to a method of processing the image data, the processing of
the image data may first involve, for example, selection of optimally-exposed pixels
from the image data of the multiple captured images at the different exposure times
and at each wavelength, and for each camera 440A-440C if multiple cameras are
used, so as to generate optimally-exposed image data for each spectrum (e.g., RGB
colored images) of illumination and for each camera 440A-440C. This is referred to
as “image consolidation” herein. For each corresponding pixel, for each of the
different wavelength illuminated images from each viewpoint, pixels exhibiting optimal
image intensity may be selected. Optimal image intensity may be pixels that fall
within a predetermined range (e.g., between 180-254 on a scale of 0-255), for

example. However, even lower intensities may be considered optimal in some
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embodiments, such as between 16-254 on a scale of 0-255. If more than one pixel in
the corresponding locations of two different wavelength illuminated images (from one
camera) is determined to be optimally exposed, the higher intensity of the two may
be selected. The resultis a plurality of consolidated 2D specimen image data sets
(e.g., for each of R, G, and B) for each viewpoint where all of the pixels of the images
are optimally exposed (e.g., one specimen image data set per spectrum (e.g., R, G,

and B) and viewpoint.

[0097] The respective consolidated intensity values S(x,y,eq) of the pixels in

each of the specimen image data sets may be normalized according to the equation:
Sn (X, Y) = S(X, Y, €opt) / €opt

Thus, normalized 2D specimen image data sets are provided after normalization for

each viewpoint.

[0098] As part of the characterization method, the quality check modules 130,
430, 430A, 430B may commence with capturing multiple reference images (e.g., in
510A, 510B of FIG. 5A). The reference images may be taken of the backstop at the
imaging location 441, but without a carrier 122 or specimen container 102 at the
imaging location 441. In this way, the effect of any ambient light present in the quality
check modules 130, 430, 430A, 430B can be minimized and signal quality may be
enhanced.

[0099] In one aspect, one or more dark reference images may be taken for
each viewpoint at multiple exposures (e.g., multiple different exposure times). The
dark reference images may be captured for each viewpoint with all of the light
sources turned off, and without a specimen container 102 or carrier 122 at the
imaging location 441. Optimally-exposed pixels for each of the multiple exposure time
images may be selected to provide a dark reference image data set that is
consolidated. The selected optimally-exposed pixels of the dark reference image may
then be normalized. Normalizing may be provided by dividing the optimally-exposed
pixel intensity of a pixel of the dark reference image by the exposure time for that

pixel to generate D, (X, y), where:
Dn(xy)=D (X,y,eopt) / €opt

[00100] In some embodiments, spectral reference images for each exposure

and illumination condition (R, G, B, or white light) may also be captured by the quality
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check module 130, 430, 430, 430A (e.g., in 510B of FIG. 5A). The spectral reference
images may be images for each viewpoint without a specimen container 102 or
carrier 122 located at the imaging location 441. The spectral reference image data
may be consolidated into one image data set per spectrum by selecting optimally-
exposed pixels per spectrum for all corresponding pixel locations to arrive at R, (X, y).
Normalizing may be provided by dividing the optimally-exposed pixel intensity of the

spectral reference data set by the optimal exposure for each pixel as follows:

Ron(Xy)=R (X,y,eopt) / €opt

[00101] The reference dark and spectral images may be taken before carrying
out the specimen imaging according to the method. For example, they may be timed
to be taken as a next carrier 122 to be screened at the quality check module 130,
430, 430A, 430B exits the centrifuge 125. Optionally, but less desired, the reference
images may be taken after specimen imaging at the quality check module 130, 430,
430A, 430B.

[00102] The normalized specimen data S, (x, y) and the normalized spectral
reference data R, (X, y) and the normalized dark reference data D, (x, y) may be
used to determine the spectral transmittance image data T(x, y) according to the

relationship below:

T (X,y) = {(Sn (X,y) - Dn (X,¥)}/ {Rn (X,y) - Dn (X,¥)}

The transmittance 2D data set for each viewpoint may allow for accommodating and
eliminating the effect of spectral drift of the lighting source, and also accommodates

for light element intensity differences over different areas of the light source.

[00103] For each transmittance 2D data set for each viewpoint, a segmentation
process continues to identify a class for each pixel for each viewpoint. For example,
the pixels may be classified as serum or plasma portion 212SP, settled blood portion
212SB, gel separator 313 (if present), air 212A, tube 212T, or label 218. Cap 214
may also be classified. In some embodiments, background and carrier 122 may be
classified. Classification may be based upon a multi-class classifier (e.g., multi-class

classifier 515 of FIG. 5A) generated from multiple training sets.

[00104] To carry out the pixel-level classification, statistical data may be
computed for each of the optimally-exposed pixels of the 2D transmissive data set at

the different wavelengths (e.g., R, G, B) and for each viewpoint to generate 2D
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statistical data sets (e.g., in 514). The 2D statistical data sets may include mean
values and covariance. Other statistics may be generated. The statistical data may
include attributes up to second order which may include mean values, variance, and
correlation values. In particular, the covariance matrix is computed over

multidimensional data representing discriminative patterns.

[00105] Once generated, each 2D statistical data set is presented to, and
operated on, by the multi-class classifier 515, which may classify the pixels in the
image data sets as belonging to one of a plurality of class labels discussed above.
The result of the segmentation in 511 is one or more consolidated 2D data sets, one

data set for each viewpoint where all the pixels therein are now classified.

[00106] The multi-class classifier 515 may be any suitable type of supervised
classification model that is linear or non-linear. For example, the multi-class classifier
515 may be a support vector machine (SVM). Optionally, the multi-class classifier
515 may be a boosting classifier such as an adaptive boosting classifier (e.g.,
AdaBoost, LogitBoost, or the like), any artificial neural network, a tree-based
classifier (e.g., decision tree, random decision forests), and logistic regression as a
classifier, or the like. An SVM may be particularly effective for classification between
liquids and non-liquids, such as found in the analysis of the specimen 212 and
specimen container 102. A SVM is a supervised learning model with associated
learning algorithms that analyzes data and recognizes patterns. SVMs are used

for classification and regression analysis.

[00107] Multiple sets of training examples are used to train the multi-class
classifier 515, and then the 2D image data sets are operated on by the multi-class
classifier 515 and each pixel is classified as a result. The multi-class classifier 515
may be trained by graphically outlining various regions in a multitude of examples of
specimen containers 102 having various specimen conditions (e.g., including H, |, or
L or an artifact), occlusion by label 218, levels of serum or plasma portion 212SP and
settled blood portion 212SB, containing gel separator 313 or not, and including tube
212T and carrier 122, and the like. As many as 500 or more images may be used for
training the multi-class classifier 515. Each training image may be outlined manually

to identify and teach the multi-class classifier 515 the areas that belong to each class.
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[00108] A training algorithm may be used to build the multi-class classifier 515
that assigns pixels of any new specimen into one of the classes. The SVM model
represents examples as points in space that are mapped so that the examples of the
separate classes are divided by a clear gap that is as wide as possible. New pixels
from the image data sets may be mapped into that same space and predicted to
belong to a particular class based on where they fall on the map. In some
embodiments, SVMs can efficiently perform a non-linear classification using what is
called a kernel trick (e.g., kernel-based SVM classifier), implicitly mapping their inputs
into high-dimensional feature spaces. SVM, tree-based classifiers, and boosting are

particularly preferred. Other types of multi-class classifiers may be used.

[00109] A flow chart of the imaging and characterization method according to
one or more embodiments is shown in FIG. 5A. According to the method 500, the
specimen container 102 including specimen 212, carried by carrier 122, is provided
at the quality check module (e.g., quality check module 130, 430, 430A, 430B) in
502. Multiple images are captured at 504; the multiple images being multi-spectral
images taken at multiple different exposures and at multiple different spectra, and at
one or more viewpoints, as described above. For quantification, the front lighted
setup of quality check module 430B may be used. For detecting interferent in 521 or
detecting artifact in 522, the backlit setup in FIGs. 4A, 4D, 4E and 4F, or 4G may be
used. In each case, the multiple images taken in 504 may be stored in memory of the
computer 143. From these images, the background variations may optionally be
removed in a background removal phase. Background removal may be accomplished
by subtracting reference images (e.g., dark reference images) that may be previously
taken in 510A.

[00110] After image capture in 504, segmentation may be undertaken in 511.
The segmentation in 511 may include an image consolidation and normalization in
512. During image consolidation in 512, the various exposure time images at each
wavelength spectra (R, G, and B) and for each viewpoint are reviewed pixel-by-pixel
to determine those pixels that have been optimally exposed, as compared to a
standard (described above). For each corresponding pixel location of the exposure
time images for each viewpoint, the best of any optimally-exposed pixel is selected
for each spectra and viewpoint and included in an optimally-exposed 2D image data

set. Normalization may also occurin 512. Thus, following image consolidation and

-33-



WO 2017/132172 PCT/US2017/014778

normalization in 512, there is produced one optimally-exposed 2D image data set for
each spectra (R, G, and B) and for each viewpoint (e.g., for each camera 440, or
cameras 440A-440C). The use of HDR processing may function to enrich the details
of the images, especially with respect to reflection and absorption and to enhance

characterization and quantification accuracy. Normalization is described fully above.

[00111] Following image consolidation in 512 or possibly concurrent therewith,
statistics generation may be undertaken in 514, where statistical attributes up to
second order are generated for each pixel, such as mean and covariance. These 2D
statistical data sets are then operated on by the multi-class classifier 515 to identify
the pixel classes presentin 516. For each superpixel location a statistical description
is extracted within a small patch (e.g. a superpixel of 11x11 pixels). Each patch
provides a descriptor which is considered in the evaluation process. Typically, the
classifiers operate on feature descriptors and use output class labels. The final class
for each superpixel may be determined my maximizing confidence values for each
superpixel. The calculated statistical values encode specific properties of classes and

are thus used for discrimination between different classes.

[00112] From this segmentation of 511, a consolidated 2D image data set is
generated for each of the viewpoints, wherein each pixel in the consolidated image
data set is given a classification as one of a plurality of class types in 516 described
above. From this segmentation in 511, a 3D model may be generated and
constructed in 517 from the consolidated 2D image data sets. The 3D model may be
used to ensure a result that is consistent among the various viewpoints (if multiple
cameras 440A-440C are used) or the 3D model may be used directly for displaying

the various classifications and quantifications.

[00113] According to the method, the liquid region (e.g., the serum or plasma
portion 212SP) may be identified in 518. This may involve grouping all the pixels from
class - serum or plasma portion 212SP, and then determining a location of the upper
interface between liquid (serum or plasma portion 212SP) and air 212A (i.e., LA) in
519 for the consolidated 2D image data sets. This may be done for each viewpoint. A
numerical value for LA may be calculated for each of the consolidated 2D image data
sets by averaging the locations of the uppermost pixels classified as serum or plasma
portion 212SP for each viewpoint. Any substantial outliers may be rejected and not

used in the average. Previously performed pixel space to machine space (e.g., in
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mm) calibration may be accomplished by any known machine space to image space
calibration technique and may be used to convert pixel space to machine space
useable by the robot 124 for gripping or by other robots used for aspiration. These
numerical values for LA for each viewpoint (if more than one viewpoint) can be
aggregated to identify a final value of LA that may be used in the 3D model. The
aggregation may be by any suitable method to fuse the respective results of the
viewpoints, such as by averaging the numerical values for LA for each of the
viewpoints, for example. If one value is substantially below the other two, it may be

discarded as an outlier.

[00114] Depending on whether a gel separator 313 is present (e.g., used), the
quantification method then may determine the location of SB or SG (if gel separator
is present) in 520 for each viewpoint. A numerical value for SB or SG for each
viewpoint may be calculated in 520 by averaging or aggregating the locations of the
lowermost pixels classified as serum or plasma portion 212SP in 516. A single value
for SB or SG may be determined for the 3D model by averaging the SB or SG values
for the viewpoints. From the locations of LA and SB or SG, the height of the serum or
plasma portion HSP (FIGs. 2 and 3) may be determined via subtraction of the

averages for LA and SB or SG.

[00115] Quantifying the liquid region (e.g., the serum or plasma portion 212SP)
may further include determining an inner width (Wi) of the specimen container 102 in
526. In some embodiments, the outer width (W) may first be determined in 526 by
identifying the pixels that are classified as tube 212T for each consolidated 2D image
data set and subtracting the locations of corresponding ones of the pixels that are
located on the lateral outside edges of the tube 212T (for example, as measured
between LA and SB or SG), and then averaging the subtracted values for each
viewpoint. A final value of W may be determined by averaging the W values from the
viewpoints. Substantial outliers may be ignored. Wi may be determined from W by
subtracting twice the wall thickness Tw. Tw may be an average wall thickness value
that has been estimated for all specimen containers 102 and stored in memory or Wi
may be obtained from a lookup table based upon the tube type determined based

upon the outer width W and the height HT value for the specimen container 102.
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[00116] From HSP, and Wi, the volume of the liquid region (e.g., the serum or
plasma portion 212SP) may be determined using Eqn. 1 below in 528 for the 3D

model.
Eqn. 1 VSP = HSP x Pi/4 Wi 2

[00117] To quantify the settled blood portion 212SB, a similar method may be
followed. The pixels corresponding to the class of settled blood portion 212SB may
first be identified in 530. Depending on whether a gel separator 313 is present, height
of the settled blood portion HSB for each viewpoint may be determined in 532 by
locating the lowermost pixel of the settled blood portion 212SB in each consolidated
2D image data set and then subtracting either SB or BG. SB may be determined in
520. In the gel separator 313 is present, then BG may be determined for each
viewpoint by averaging the lowermost vertical locations of pixels classified as gel
separator 313. The lowermost pixel of the settled blood portion 212SB may be
determined by finding the lowest-most vertical dimension of the specimen container
102 and then subtracting the wall thickness Tw for each viewpoint. Wi may be
determined in 526. A final value of HSB may be determined by averaging the
respective HSB values of each of the viewpoints. From the final value of HSB and Wi,
the volume of the settled blood portion 212SB may be determined in 534 using Eqgn.
2 below for the 3D model.

Eqn. 2 VSB = (HSB x Pi/4 Wi?) - %5 Wi? + (Pi/24) Wi

[00118] Optionally, the various pixel classes of the consolidated 2D images for
each of the viewpoints can be aggregated and mapped to reconstruct a 3D virtual
voxel grid 345 surrounding the specimen container 102. Each pixel has a defined
location in a 2D virtual grid, which than can be projected onto the 3D virtual voxel grid
345 from the three directions to generate the 3D model in 517. Grids from the 2D
perspective are aligned with the 3D virtual voxel grid 345 based upon calibration
information between the camera 440A-440C and pose for each viewpoint. Some
redundancy (overlap) between the edge structures of each 2D grids may be present.
The classes, having been assigned for each consolidated 2D image data set, may be
grouped together for each viewpoint to form regions of: serum or plasma portion
212SP, settled blood portion 212SB, gel separator 313 (if present), air 212A, tube

212T, label 218, and possibly even cap 214, for each viewpoint. Voxels of each
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respective region are traversed onto the 3D virtual voxel grid 345, and if the classes
are consistent between the adjacent viewpoints then the pixels in the overlapping

region are assigned the common class.

[00119] As a result, the various regions are mapped to the 3D model and each
region can be quantified using the calibration information and measurements from
the 3D virtual voxel grid 345. The region locations of the 3D model may be used to
determine where to place the aspiration probe tip so that no air 212A or settled blood

portion 212SB or gel separator 313 are aspirated.

[00120] Once the liquid region is identified in 518, a presence of an interferent
(e.qg., H, |, and/or L) therein may be determined by operating on the 2D data sets of
the liquid region with one or more interferent classifiers. In one embodiment, a
separate classifier may be used for each of H, |, and L as described in co-pending
US Provisional Patent Application No. 62/288,375 entitled “Methods and Apparatus
for Detecting an Interferent in a Specimen,” filed January 28, 2016. It should also be
recognized that averaged values may also be used to provide HIL index values
(Havg, lavg, Lavg) in 521 that may be used to provide interferent levels for the
specimen 212 as an average of the multiple viewpoints. In this way, one consistent

classification may be obtained for H, I, L, or N for the 3D model.

[00121] At the quality check module 130, 430, 430A, 430B, a presence of an
artifact (e.qg., clot, bubble, and/or foam) may be determined by operating on the 2D
data sets of the liquid region in 522 with one or more artifact classifiers. If multiple
viewpoints, each viewpoint may be used to generate an area for that particular view.
The areas of the artifacts from the various viewpoints may then be used to determine
an estimated volume of the artifact. 2D images may be used to triangulate structures
in 3D where volume may be derived from geometric computation. An estimated
volume of the artifacts may be subtracted from the volume VSP, so that a better
estimate of the available liquid is provided. The various viewpoints can be used to
project the location of the artifact onto the virtual 3D voxel grid and the dimensions
from each 2D projection can be used to even better estimate the volume and 3D

location of the artifact.

[00122] Accordingly, it should be apparent that the model-based quantification
method 500 carried out by the quality check module 130, 430, 430A, 430B herein
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may result in a rapid quantification of the serum or plasma portion 212SP and/or the
settled blood portion 212SB of the specimen 212. Final results and determinations

can be aggregated across the multiple viewpoints and displayed as a 3D model.

[00123] FIG. 6 illustrates a flowchart of a characterization method 600 wherein
many items may be characterized using the quality check module 130, 430, 430A,
430B. According to one or more embodiments of the method 600, images are
captured, such as by multiple cameras (camera 440A is shown). Cameras 440B,
440C may be used to capture images from other viewpoints. The processing that will
be described for the images captured on camera 440A is identical for the other
cameras 440B, 440C at the other viewpoints and their inputs in line 605 may be used
to develop a 3D model 635 of the specimen 212 used for final determinations or for

resolving any differences between the various viewpoints.

[00124] The images captured by camera 440A and the other cameras 440B,
440C may be multi-spectral (e.g., RGB images) and multi-exposure images, as
discussed above. In particular, multiple exposures (e.g., 4-8 or more exposures or
more) may be taken for each wavelength of light used in 604A at each viewpoint. The
respective images at each exposure for each camera 440A-440C may be obtained
simultaneously using monochrome cameras and backlighting by light panel
assemblies 450A-450C as described in FIGs. 4A, 4D, 4E-4G. Optionally, or in
addition, front illuminated multi-exposure images using a white light sources of light
panel assemblies 450E, 450F of FIG. 4G may be obtained in 604B using a color

camera.

[00125] Optionally, more than one quality check module may be used. For
example quality check module 430B may be used for quantification and quality check
module 430A may be used for HILN detection. However, either one of the quality

check modules may be used for quantification and HILN detection.

[00126] The images may then be optionally processed in 508 to remove
background using reference images 510, as described above in an optional
background removal method. The images may then be further processed to
determine segmentation in 511 in the manner described above. In some
embodiments, the images from front lit cameras in 604B may be best used for

segmentation in 511. Likewise, any images captured in 604A may be best used for
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characterization of HILN in 521. However, clearly, images captured in 604A could be
used for segmentation in 511, and images captured in 604B could be used for HILN

detection in 521.

[00127] Identifying and quantification of the specimen 212 in 523 in accordance
with the methods described herein may also be carried out following segmentation in
511. Quantifying the specimen 212 in 523 may involve the determination of certain
physical dimensional characteristics of the specimen 212 such as a physical
locations of LA, SB, SG, and/or BG, and/or determination of HSP (depth of the serum
or plasma portion 212SP), HSB (depth of the settled blood portion 212SB), and/or
HTOT, and/or a volume of the serum or plasma portion (VSP) in 528 and/or a volume
of the settled blood portion (VSB) in 534 as discussed above. The inner width (Wi)

may be obtained from the specimen container characterization in 526.

[00128] To provide an even closer measurement of the actual volume of serum
or plasma portion 212SP that is available for testing, or simply to flag the presence of
an artifact, an artifact detection method may be employed in 522 to identify a
presence of clot, bubble, or foam in the serum or plasma portion 212SP. The
respective estimated volume of the one or more artifacts present may be subtracted
from the estimated volume of the serum or plasma portion VSP determined in 528 to
obtain a better volume estimate. The 2D image data for each viewpoint may be
processed in 522 using artifact classifiers to determine the presence or absence of
an artifact in the serum or plasma portion 212SP. The pixels identified as being an
artifact by artifact detection 522 may then be ignored in the quantification method
described herein, but may also be ignored in the HILN classification in 521, so as not
to skew the results. Detection of an artifact may also initiate remediation in some
embodiments. Artifact detection, such as provided in 521, is described in US
Provisional Patent Application No. 62/288,358 filed on January 28, 2016, and entitled
“Methods And Apparatus For Classifying An Artifact In A Specimen.”

[00129] The results of the segmentation in 511 can also be used to identify the
label 218, which may include the identifying information 215, such as a barcode. The
barcode may be read in 625 to identify the specimen 212. Conventional barcode

reading software may be used once the label 218 is identified in the segmentation in

511. If a particular image does not contain enough of the barcode to be read, the
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barcode can be read from, or in conjunction with the data from other images obtained

from other viewpoints.

[00130] Further characterization of the specimen container 102 may also be
accomplished according to the broader method 600 in 627. The characterization of
the tube type in 629, cap type in 631 and cap color in 633 from the various
viewpoints may be supplied and enable the generation of the 3D model in 635. The
data from the various views may be compared so as to verify that the same
characterization was achieved based on processing the images from each viewpoint
(e.g., from cameras 440A-440C). If slightly different values are obtained, then the
values may be averaged or otherwise aggregated. All of the outputs from the HILN
classification in 521, specimen quantification in 523, artifact detection in 522, and
specimen container detection in 627 may be used to generate the 3D model 635.
The 3D model 635 may be used for final decision making, characterization, and/or
harmonization of the results from the various 2D viewpoints (e.g., cameras 440A-
440C). 3D calibration in 636 may include coordinating the positions of the various
viewpoints to the 3D space. A 3D virtual voxel grid may be used for coordination of
the 2D to 3D views.

[00131] FIG. 7 illustrates a flowchart of a method of imaging a specimen
container and/or contents according to one or more embodiments. The method 700
includes, in 702, providing a specimen container (e.g., specimen container 102, such
as a capped blood collection tube) containing a specimen (e.g., specimen 212) at an
imaging location (e.g., imaging location 441). Imaging location 441 may be inside of a
quality check module 130, 430, 430A, 430B. The specimen container (e.g., specimen
container 102) may be placed at the imaging location (e.g., imaging location 441) by
being transported thereto on a track (e.g., track 121) or being placed there by a robot
(e.q., robot 124 or the like).

[00132] The method 700 includes, in 704, providing one or more cameras (e.g.,
cameras 440, 440A-440C) that are configured to capture images at the imaging
location (e.g., imaging location 441), and, in 706, providing one or more light sources
(e.q., light panel assemblies 450, 450A, 450B, 450W) configured to provide

illumination for the one or more cameras (e.g., cameras 440, 440A-440C).
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[00133] The method 700 includes, in 708, llluminating the imaging location
(e.g., imaging location 441) with the one or more light sources (e.g., light panel
assemblies 450, 450A, 450B, 450W), and, in 710, capturing multiple images. The
multiple images may be of the imaging location and taken at multiple different
exposures (e.g., exposure times) with the specimen container (e.g., specimen
container 102) and specimen (e.g., specimen 212) being present at the imaging
location. The multiple images may be taken with the one or more cameras at multiple
different spectra. In some embodiments, the spectra may not overlap each other,

while in other some overlap is possible.

[00134] The capturing multiple images in 710 may be at different exposures
(e.q., exposure times) as well as at the different wavelengths. For example, there
may be 4-8 or more different exposures taken at different exposure times in some
embodiments, but each image may be taken under the same lighting intensity. In one
or more embodiments, some images may be captured using white light and using
back lighting and light filtering using a filter assembly (e.qg., filter assembly 463). In
other embodiments, images may be captured using a plurality of narrow-band light
sources including a particular spectra having a nominal wavelength, such as red,
green, and blue. These may be provided by light panel assemblies 450-450F
providing backlit light sources in some embodiments. In other embodiments, white
light elements may be used in lighting panel assembly 450W. The white light images
may be resolved into R, G, and B images as captured by the computer 143, as
discussed above. In each instance, the images may be taken by multiple cameras

440A-440C from multiple viewpoints.

[00135] The method may include background removal to subtract some of the
background information in order to accommodate for ambient light present.
Background removal may be accomplished by subtracting reference data (e.g., dark
reference data) from corresponding specimen images. Dark reference images may
be taken at the same exposure times as for the images of the specimen container
102, but may be captured without a specimen container 102 in the carrier 122.
However, other exposure times may be used, given the values are normalized for

exposure time.

[00136] The method 700 includes providing classified 2D data sets obtained by

processing the plurality of 2D image data sets from the multiple viewpoints. The
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classified 2D data sets being classified as one or more of serum or plasma, settled
blood portion, gel separator (if present), air, tube, label, and even cap, background,

or carrier.

[00137] The method 700 may include correlating locations in the classified 2D
data sets to a consolidated 3D data set. In this manner, a 3D model may be formed
(e.q., constructed) based upon the classified 2D data set that have been obtained
from the various viewpoints. Correspondence between the segmentation of the
various viewpoints may be confirmed with the 3D model. In some embodiments, the
consolidated 3D model generated from the multiple 2D data sets may be used to
provide a final result in regards to characterization of a presence or absence (normal
- N) of an interferent (H, |, and/or L). If an interferent is detected, an interferent level
may be assessed and reported based upon the consolidated data. Likewise, the
consolidated 3D model generated from the multiple 2D data sets may be used to
provide a final result in regards to characterization of a presence or absence of an
artifact (clot, bubble, foam). The results of the 2D data sets or 3D model may be
displayed or reported in any suitable manner or format, such as by displaying a 3D
colored image on a display screen, providing a colored printout, displaying or

providing a data sheet of values determined by the imaging, or the like.

[00138] While the quality check module 130 has been shown in FIG. 1 as being
located such that the characterization is performed immediately after centrifugation
on the centrifuge 125, it may be advantageous to include this feature directly on an
analyzer (e.g., analyzer 106, 108, and/or 110) in some embodiments, or elsewhere in
the specimen testing apparatus 100. For example, stand-alone analyzers at remote
station 132 that are not physically connected to the track 121 of the specimen testing
apparatus 100 could use this technique and quality check module 130 to characterize
specimens 212 prior to analysis. Furthermore, in some embodiments, the
centrifugation may be performed prior to loading the racks 104 into the loading area
105, so that in some embodiments, the quality check module 130 may be located at
the loading area 105 and the quality check can be carried out as soon as the robot
124 loads a specimen container 102 into a carrier 122. The quality check modules
130, 430, 430A, 430B are generally interchangeable and may be used at any desired
location about the track 121 or even as a stand-alone station that is visited by each

specimen container 102 prior to being placed into the loading area.
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[00139] While the invention is susceptible to various modifications and
alternative forms, specific system and apparatus embodiments and methods thereof
have been shown by way of example in the drawings and are described in detail
herein. It should be understood, however, that it is not intended to limit the invention
to the particular apparatus or methods disclosed but, to the contrary, the intention is
to cover all modifications, equivalents, and alternatives falling within the scope of the

invention.
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CLAIMS
WHAT IS CLAIMED IS:

1. A method of imaging a specimen container and/or specimen, comprising:
providing a specimen container containing a specimen at an imaging location;
providing one or more cameras configured to capture images at the imaging

location;
providing one or more light sources adjacent to the imaging location;
llluminating the imaging location with the one or more light sources; and
capturing multiple images including:

specimen images of the image location at multiple different exposures,

with the specimen container and specimen being present at the image location.

2. The method of claim 1, wherein the specimen images are taken while being

sequentially illuminated by multiple different spectra.

3. The method of claim 1, wherein the capturing multiple images includes
capturing multiple spectral reference images of the image location without the

specimen container and specimen being present thereat.

4, The method of claim 3 comprising selecting optimally-exposed pixels from the
multiple spectral reference images at multiple different exposures and normalizing to

a selected optimal exposure time.

5. The method of claim 1, wherein the capturing multiple images includes
capturing multiple dark reference images of the image location without the specimen
container and specimen being present thereat, and with the one or more light

sources being turned off.

6. The method of claim 5, comprising selecting optimally-exposed pixels from the
multiple dark reference images at multiple different exposures and normalizing to a

selected optimal exposure time.
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7. The method of claim 1, comprising selecting optimally-exposed pixels from the

multiple different exposures.

8. The method of claim 7, comprising normalizing the optimally-exposed pixels to

a selected optimal exposure time.

9. The method of claim 1, comprising providing:
a plurality of cameras configured to capture images at the imaging location,

and providing a plurality of light sources adjacent to the imaging location.

10.  The method of claim 1, wherein the Illluminating the imaging location
comprises illuminating with a spectrally-switchable light source that is switchable

between multiple spectra.

11.  The method of claim 10, wherein the spectrally-switchable light source is a

light panel assembly including lighting elements configured to emit different spectra.

12. The method of claim 1, wherein the one or more light sources comprise
broadband lighting elements, and the capturing multiple images includes filtering with

a filter assembly including individually selectable band-pass filters.

13.  The method of claim 1, wherein the one or more cameras configured to

capture images comprise at least one spectrally-selective camera.

14. The method of claim 1, wherein the Illluminating the imaging location

comprises illuminating with a light panel assembly.

15.  The method of claim 1, comprising calculating a transmittance image data set

for each viewpoint.

16. The method of claim 15, wherein the calculating of the transmittance image
data set is based upon at least:
normalized spectral reference images, and

normalized specimen images.
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17.  The method of claim 15, wherein the calculating of the transmittance image

data set is at least based upon normalized dark reference images.

18. The method of claim 15, comprising processing the transmittance image data
set to characterize the specimen container and/or characterize the specimen for each

viewpoint.

19.  The method of claim 15, comprising classifying the specimen and/or specimen

container based upon the transmittance image data set for each viewpoint.

20.  The method of claim 1, comprising capturing dark reference images and

spectral reference images before capturing the specimen images.

21. A quality check module, comprising:
an imaging location within the quality check module configured to receive a
specimen container containing a specimen,;
one or more cameras arranged at one or more viewpoints adjacent to the
imaging location; and
one or more spectrally-switchable light sources located adjacent the imaging
location and configured to provide illumination for the one or more cameras; and
a computer configured to cause:
the one or more spectrally-switchable light sources to switch between
multiple different spectra, and
the one or more cameras to capture images at multiple exposures for
each of the multiple different spectra.

22. A specimen testing apparatus, comprising:
a track;
a carrier on the track that is configured to contain a specimen container; and
a quality check module on the track, the quality check module including:
an imaging location within the quality check module configured to
receive a specimen container containing a specimen,
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one or more cameras located at one or more viewpoints adjacent to the
imaging location,
one or more spectrally-switchable light sources located adjacent the
imaging location and configured to provide lighting for the one or more cameras, and
a computer configured to cause:
the one or more spectrally-switchable light sources to switch
between multiple different spectra, and
the one or more cameras to capture images at multiple

exposures for each of the multiple different spectra.
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FEM 22102, W AE-AF 1 i, 5 H o UALFE dn bl b B fifiid 59 a] D1 6 Y6 ml ik s, 76 53
— St 5, R 2H 25 F450A-450CH] PAF] F400nm A1 700nm 8] () (9 5 B 2 58 4 ot (i
FE400nmAN2000nm [8]) T 740 1 B f i 25 28 102, I FL AT 3645 38 e v 28 v LA T AE 24N P
ATV A 4 3R G Bl an i DA _E BT e o DR, ZE A — AN SR A v, R AR D95 1) S YR B
FESIE (BIAnEEAR G BRI &) 2 8] A] P14 (1) 22 A e S A o 76 A [R] 0] 3e A Ak o't HE Y
ZANEUG A RN B3 IS AT K45 BN 25, I BT DL o 18 5 S R AE IR SO

16



CN 108770364 A ﬁﬁ HH :F; 14/22 11

[0085] a4, >y 1 43R LA 55 — Aot ot BB B R, Yl 4 2% R 450A-450CH B — AN 4L
LED 460 (KZ1634nmf bR A, B A K Z)+/-35nmf A A8 40) B A g 2 T A = AN 1]
A7 B IERE 212 38 1 e 4H 2B 1 450A-450C 21 2 % IR AT DL A 78 AS [5] B ' b | 4
— AN FELA40A-440CHT 3R 1) 2 AN G (19 in4-8 B E 2 ’8) o 7F — Lo St 451 o , B S s () ]
PATE K20 1ms F1256ms 2 A 454k o ] DLt FH G B0 S b 1) o mT DA [) B A4 0 B — AN AE L
440A-440CH L' 56 JE () AH 7 B S i 8] B 45 b ) B — > 3 HDRE A AE T SR 1 439 1)
fEfitas .

[0086]  — HLfigk B4 e BRI 5, T DL SCI 21 A LED 460, 3 H n] Lz 7 — i, 4l
WIZEELED 461 (K253 nmiP AR AR, B K Z)+/-35nmf At A2 40) , H H o] AAE iZ bR Fx
WAL 8 T B — AN AL 440A-440CH SRAS [F] IR S Ak 1) 2 AN EHE (1] 4 -85k 5 2 {5 o ix mf
PAFIHE FLLED 462 CKZ1455nmIFRFR K , B K Z9+/-35nm I St A8 1k) &%) & — > 48
HL440A-440CHE &  7E— LS5 , S 25 44500 n] LA 2 i 5 0 2 e I 4D R (1) m 22 4t
VB A A AR 46 311 48 AR A I 1 JELEDAE FH K 56 . Y 4H 2% 44 450A-450CE 4500 r] LA
HEAHA1440A-440CH B 2 BRI ST

[0087]  {EFH & My S fol o , Y 40 23 4 450A-450C A] DL AL FE HR AL E 18 5 2545715 5 1) &
ASHYR (IR GAIB LED) A GIS AR RE , R — AN SR AT DU mT S §) 46 1 B4 HE 3 €2, 26 m 1)
e o DR b, AT DA 38 1 b 8 R0 S5 Wi A [R] A E Y R BE (1 ARG BAIT/ B 2 AN g ), 451
PATE 2 AN Al IR BRI i A Y IR g AL B 441 .

[0088]  7F P B 1 St 49 v, D AR ZH 2 4 450A-450CH] LA FH 58 4 o (9] 140 0nm Al
2000nm: [8]) 15 # B FE i 25 48102, 3 B — A2 AN e 25 14 AL AT BL AR AHATL440A-
440C . SEE L FEVE AR G 2 W00 SO ATE ABAL) 3& & T A2 o e £ Pk K5, RIAR R 43
SEAEE (I WIR G BN/ B AN e B ) A 2 AN EUR i s B ARHL AT DL ARG SRAUL T
L A LI Bay e r ] SEA 15 U8 Uk 4% 19 A0 I8 30k 28 B 2, (H R B 0 T I 3 B8 M 2% 356 4>
212SPHI AT HT T 5 AHOR BT AEAN [F] B U A - D8 U 28 R 3 BUE 2 /KF B At i 542 , 491
—MEE LGS T A — M FR KRG, 3 B A — 1 & T L& & T U A AR FR
WK o BRI 38 3 el FH — A0 328 Hb B8 i e RO , ] DL AR B 22 AN AE LA S A R 2
NG o AT LA S AR AL A ) AT 32 B M 1 L B R R L BT IR — AN B2 AR S R 1 AL
A DA —AN B AN T AR D45 1 SR 2H A A FH DA L B 22 s A5 32 T ] B A5 FH B8 2D iR
[0089]  7E & Fhsiziafirh , i S AS B A He130.430.430A . 430BA] LA AL FE 4155446 , 455446 A]
A2 /0 43 b [ S8 5078 2 U 121, HF HLRE A 25 88 10207 DLZERE i BB F 2 2% ] UL
B B HTE] AL T 415446 N 358 oAb 52446 AT LLALFE — AN B2 AN T1446D LA UV 844 122338 N 214
FeA46H F /B HP 7244618 H o 7E— LSt i, RAEAR AT DLELFE T 114460 LA S Vi id il 46
TERC RATERE i 25 88 1021 JE R 2R I ML AS ARG AE S 23 28 1 0235 8k 21 Hiddk 1 227

[0090]  7E i —sita il , Wi AGH S m 1), AT DATE BT fE A A A B4 30B HH o HERE i 2%
A 102, 1 W8 0 4 15 AH S ABA1440A-440CH B 1 Y6k 2H 25 14+450D . 450E F1450F o 75 1% S it
i, AHAL440A-440CT] LA B 7 B A AL, HLAL H6 SR 2H 2% £F450D . 450E 14 50F 1 A i
TG4 GIR 449 0] DL B G BEE AT U4 i A , v 4043 3L ALl634nm+/~35nm . 537nm+/~35nm
F1455nm+/-35nmAb IR L GAIBAIE .

[0091]  FEi% nI 5 4 1) S A5 o , 36 ok 50 65 T3 5 AR S RS R A AN/ B S s 5 S B xS T
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AR BB RAET 5 0] LA A BAEE 1) 2 AR IR R nT B 00 o 491, 1) FH TG T &L, A8 A
B AALT] DAL FE A FH G M 4 25 4R 450D . A50E FIA50F (1) Fif 308 a7 R 340 ok s o' I il L & Fh 2
B o AEPTREZ (1) S A5, St 4 22 -450E . 450F A1 B /8 f8 459 /7 % [f1450SE . 450SF 518 It K
WPAT 9T B S HUE 12159 77 [ RAACSEAT A5, 756 20 25 F 450D A AT I L R, etk
2 2 - 4A50E F1450F () )% BB AT DL T N AEHLA40ART 356 HEAE Fh 21 2 FRE (i X 2% 102, F — bk
Jita (5, FHALA40AT] DL 2 5 AL , S EL Al S0 I B AT DL R AR 7Rl I 7E 2 A9 L B AR 2 [A]
(W WML (R) BIZR A () B A (B) , A/ DUATART IR 20 L e A itk) D) 4608 i e A 2H 26 44
450EFI450F 1 )6 RETE 22 N ARG Ak s A5 1]

[0092] ¢ AT 3 St 4 v L SR 2H 5 1 450E A1450F 7] LA B 9 G 1 38 0% B A3 4or B 441, 3
HAHHLA40AR] LA R AR - 2R J5 7T LLIE I AR AL A4 0ABL A3 AN [R] g e Ak 1) 22 A~ B A5« R AHAL
440ABUAR I 4 — A B AT LIRS 7R T ML 143 A7 A% e b, 3F AR S 2 BS I 2 AN i K A 1
B g DA BRI 22 AN Ak 1 B 4 3 380 B0 B o BB o, TH B 143 0T DURE BB 3 B BOK
£9400nmF1 K Z1700nm2 8] [ 48 2> = AN B sk B 500 o 51 40, 7T LA B TS 143 77 fig 1 1
G BE5 B A 2 IAE K 29455nm . 53 Tnm A6 34nmAb i AR BRI FIRGB 2y £, LLAE i A RIT
AR 2 | 2 MR SRR . 2 BT RAE W LATE R 6 AR 2H 25 R 450E F1450F 6 i
[ [R] B 28 FH PE 28 443AH K H THENLL43HIAE 5 B R - X BRI A 8 A g T L& & T
8 T2 LA , B S8 i 2521 I B, BRI AR ARG , sl 28 A -9 43 B

[0093] 75—t fsl o , B = AL A = A6k 2H 261 450D-450F 1] DL & vl 5 4F
(1), 3F H G AH 2% 450D-450F 7] LA 78 24 T AHHL440A-440CH) 1 5 HE B IR DL FH T+ 32 56 B
%, W W A WO B 1 TR I L N3 7= A I el A1) G 8 42 0 BB o e e T A2
AIRERT

[0094] 75N —PC B, M50 A B A5 5 mT A Jofd 5 A A AR e 430 BHR A3t o )50 L BH mT LA 481 4
I ) PR 2H 25 450D 6 1R 3 ELF) FH AEH1440BEE440CEE — 2 A% K 78 B Y B A= AT L
FH T3 B 53 b 85 FH T 45 Gn 4 5 2 o e T DA AT B 1)

[0095] T LA b B R — A, AT AR IR Bk SR UL S A — AN A B R (BT IR G
FIBAN/ 5 1, A/ B BT 7 22 A ' I 1] A BUAS 1R 3 2 22 AN S A 1 42358, (645 7T
PLTE DTl an R Z12s W3k BUR B 2 AN A A X RE S 2 1200 RS I SN 42 4 o mT DL
CAN RS

[0096] {54, 3@ fofi ) Pl A AP JoR K A AR 130 , £ FH AR ML 440 R0 FH AL 45 6 W 20 35 44450
(R AR D46 R S VR A4 9 1) 1 8 R IR 0 g — AN ) A A [R] B O B 50K T B R X
3PP X 3NN =36 EIMG o 75—~ il e, 3 sk 5 FH I AG I Joi S A A A B 4308, 4 FHAH
HLA40ARIR PG AR 2H 22 44 450E L A50F 1 1 Ui 1R 117 388 HELBH B A AN [F] BRGSO R EUAN B
G X 3N AIHL =124 EZ - S8 1T, RGBIEIG AR J5 T LA i TS L 14 338 5 g B B 1) 1 e R 4y
B R NRGBA> 2 1 B v ML LA34 3R Rl ik, 70 B 2 5, I il 3Rk 36N MZ - 2D G 2 s
e [F] 22 EMG AT LAAZ A 7E VS ML L4310 A7 6 2% v I ELBE J5 MLt — 25 Ab 22 . ] LLEAS Y n
122 K&, Wbl MR

[0097]  HR 4 — Fh Ak 3 UG E i 1 7 v, PG BCH 1 b 38 m] DL o 20 ) an B AR R e 4R
B AN [F] B ST ] A FRRE— AN AR 1 22 A4 38 211 G UGS (0 e %, I BLX T4
— AN HIHL440A-440C , W FAE FH 2 A AL AE » DA A BT B — AN RS A X B — A~
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FHHLA40A-440C ) B A PR 6 i B4 B0 (BIANRGBE (2 1 M8 o X AE A S e ko “Bg &
H” TR — X BAR R, 0T AEE— A A F P KO IR B G i & — A, v BL
PRI e A AR 5t B AR 3% o e I PR M5 5 ] LA 461 a7 7 0 e i R (481 4n 70— 255 b 4 )R
A180-254 2 [8]) N IG5 o SRTHT , 45— LSt 491 A, B 2% TR ARG %) 5 5 vl DA L A B AR 1
T UN7E0-255 L0 49 R 1) 16-2542 [A] o a5 AN AN [\ i K BB S Gk H —ANAEAL) B9 XT
RN E H ) 2 T — MR R e s R b, v DL 3 R IR R R R L 45 R R A
— LA Z A6 IR 2DFE & EHS EE S (91 T XIR W GABHR I & —AN) , Ko BRI BT B
G E IR (BN (] 40R LG AIB) KL A —ANEE S R SR )

[0098]  mJ DAARHE LA T &8 A — b B — AN it UG E0 s 45 R 2 A A F R 1) 5 B A S
<X7y7eopt):

[0099]  Sn(x,y) =S (x,¥,eopt) /€opt

[0100]  [RIgk, ZEAF X AE— AN AR A — 1 2 e R ALE T —1h i) 2D 5 UG B ia 4
[0101]  VERNFRAETTEEIES 7y, FRER A H130.30.430A . 430BH] LL & THik 2 N2 %K
% (e E 5ARI510A.510BH1) o AT LAFE il B4 B 441 /L A 243 (backs top) KIZH K4,
HE WA AR AL B 441 A0 B AR 1 220K i 2R 2 1020 LA 7 50, 7T L s /b ot A 2 B
130.430.430A430BH BT A7 1E B BRI SE 5200, 3F H T ARG 5815 5 i & .

[0102]  FE—ANJr T, oI LALE 2 AN (91 22 /N AN [ B S it []) A% B — AL A LS
— AN EZ G S FHEUL AT LR A GRS I B A AR A B 44 1A B R 5t 25 45 102854,
1220018 DL T £ R — AL A F IR IS 225 UG v DO BT 5 2 /SR G (8] B 1) &
— M ERARIR L BB R DA UL S IR IS 25 UG E R 4 1 25 U B Bk s AR g e 45
FARJE AT DA A — Ak T — 4k mT LLE I F IS 225 BGOSR 2 1 e DU 6 10 15 25 0 2 Ik DA A
X 1ZAZ R PR G (8] DLAE FSDn (x5 y) 5 oA

[0103]  Dn(x,y) =D (X,y,eopt) /€opt

[0104]  7E— L85t 5] v, i AT DL o i BB 130,430,430, 430ASH FRET X B — Mgk
FEFEIEZEAE RGBERH ) BIAHE 2 2% B4 (19 n /e EI5ARI510BH) o A9tk 225 {4 n LA
SEAEVR AL T UG AL B 44140 RE S 75 35 1028 B AR 12210 15 40 N 40 45— N0 A 1) A%
AT DL I X BT A AR 3R A B IR RN 1 B LR S 18 K LB IR, (x5 y) SRK A
Z:2% BUREAE & IF A — AN BB AR AR  H— A mT DUd e 40 T i AT 228 £ s 42
B AT R G A% 2R 9 B B LA AT o — AME R B B g e ke P 4 -

[0105]  Rn(x,y) =R (X,y,eopt) /€opt

[0106] AT DA 7E S fti AR 8 1% 75 1 0 K i R A 2 A1 B A 2 25 1 FIAT s P8 3 4, ‘B AT T mT BA
i 5 I B AE BLAE TR A AR 130,430, 430A 430BAL T 1B 1 N AN AR 12258 TF 55 0oL 1250
HAS o nl ik b, (A2 AN K BRI A2, v DAAE i A A A 130,430, 430A . 430BAL HI A il AR
Z Ja S H B .

[0107]  H—ALHIFE S B Sy (o y) FUE— AL AIE 225 BER, (x, y) LR IH— 1L 255
e HED (x,y) AT LA FARHE LA R 5% FR R A e IS S S BUHRET (x,y) -

[0108] T (x,y) ={(Sn(x,y) Dn(x,y) }/{Ra(x,y) —Dn(x,y)}

[0109] XA — N A IR 325 S 2D AR M 4 ] LA S0 V36 2 AR i o B 9058 140 A 2 A 1) 5
e HEIE N EIR AN X 382 R o5 5 22 57
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[0110] X F4FXH 4 — DL AR — B S 2D B4R |, 4k 2295 Bod FE LARR IR 56— A0
FE BB RIS A0, W] DR 2R 53 8 O LT BRI #4843 21 2SP VI UE B I 8
53 212SB BRI A B AR 313 (IR AFAE R ) 2R 2120 21 2T B bR 25218 18 AT LA /3 Ji 55214,
1E— s g5 rp L B L A32RTS BN ER 122, 50 8] LR R T N Z AN INGREE S A R 23597
FeAE (BN BAR 2 287 FKA8515) o

[0111] S 7St fg 2 K20 28, o] DU AN [A) 3 K (B ARG\ B) &b 3 HLEE X & — /ML A
THE AL 2Di2 i B a2 1 S AL Y A & b 1B — AN G T E 250 DL AE 2D - S 4 (1]
WITES1491) o 2DGE T B 46 v] LA L& A A B 5 22 v LUAE L BT & G i S nT DA
fhmls M py JE Y, nT CAALFE HRE 7 25 AU SCAE . R kb, 7R SRR 0 B R 2 4R 2
A 2 AR

[0112]  —HAR, 0 2R RER515 2 M — P 2DGtH 46, IF Bl 2 2840 2848515
EH BT ERAE, 2K KA 0 15 LU G BRI B = 0 N E T UL Eihie i 24
FAREH B 51T 7 B 45 R — AN B 2B I 2DHUR 4, B — A — N
8, I EX o T A G R T 25

[0113] 224y 228515 AT LA 28 R 2R 1 (1) AT ] 53 28 20 1) M B o A Y L 9l T, 2288
3 IRAR515A] L2 SCHRF I B AL (SVM) o AT et , 22873 KA8515 0] L2 2 47 2848 , i i H &
MNAETF 2588 (B inAdaBoostLogitBoostZs) AT A N\ it #1458 R 2% | 32 T #1702 2% (9]
PR FE AL SRR FE 23 S5 2% 1018 45 (0] V3 55 o SVMOR T30 AR RV Ak 2 Te) 1 0 2 02
15 A R VAR R 2 1 2 R T 25 % L0209 43 M7 R BT R BILEAT « SYMSE: B A AR SR B R 2 2] B
VR B o SRR 7 B A ST oy A e I ELAR B 58 SV 40 RN Bl U 43 A
[0114]  YIZRIRBI 2 ANEE T2 2 255 2825515, 3F HAR Ja @it 2 25 5r 84851545 2D
B BB AT BRAE, HF BAE R R B —ME R I8 285 K451 LUEE DL Rk
W - B IE 2) 3 B & FhRE L S (1400 5 H L TERLER A3 72 4) R A 2510200 24N R
R R R X B I R A 2 T8 I 4 | I 375 BRI 2R 38 43 2 1 2SP AT UE A L 50 70 21 2SBIR) 7K
S R T AL A B A 313, DL R A FE A 21 2T R AR 12228 . n5004N 5k BE 2 IRAE 2 15
AT DA T IR 2 2553 2K 48515 . B — M INZREUE T LA T30 A # DUAR IR FI 20T 2 2570 K 48515
J& T8 — N X

[0115]  YIULREE AT LA T4 8 ) 2R 5 2 — HR SR IRAT AR BT A S 18 25 1 2 284 2K 88515,
SVMAR TR 8 7~ AR Sy 0 e 555 1170 2 ) HP 40 s T 48] 5 A4 0 25 28 030 40 o 48136 3ok IR R s 5 14D 95 A
) R K 4 o oK 11 G B0HE B2 ) B A% 3R ] LA e S 3002 A0 ) 2 [a) o, 3 HLE T e AT I/E LA B
T E R L T A YLD i T S i) o A — e St 5 A, SYMRT DA FRR S P9 A% 3 T (] 2 T
P RZ I SVMA) 2K 28) 11077 S i AU B AT AR LR 1t 405, B ok FL A N e S5 38 o 4 55 AR 0F 5 )
o SVML 2 TR 1 20 2R 28 AR FH R RR I IR 1 o mT DA FH I B 2R ) 2 205 2K s

[0116]  ZEREISAH /N AR $E — A8 2 AN St 51 11 1A% RN SR AE 77 v B I R o AR HE 779500,
FE502 7F i B G AR (51 30 R A B AR 130,430 .430A . 430B) Kb AL H 44 1 227K # 11
BLFEAE S 212 FF i 5 25 102 FEB044E il 3K 2 N BIR s ik 2 AR 2 72 2 AR B O A+
TEZ AN R b DA R AE — AN B 2 AN AR A BRI , bl ERr iR R T &
A, T UL FH 5T B A AR A3 0B AT B R BH % & . O 1 AEB 21 i e el AE 522 Fh s
NIE&EF=4y, nf LLAE I 4A 4D VAEFIAFBAGH I 75 38 e W B R — P B L R, 7E504 9 Al
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BRI ik 2 NG T DAAFAEAETF AL 143 A7 i 25 o WX e 5, m] DLRT LR S e B8
BRI B A BR T AR T SRS RR AT DL I ek 2 vT RE 2 BT 7ES 10AR B 1 225 G (5l an
s 2 2% E8) K 5E R

[0117]  ZE5047 [\ RIG 3R 2 J5 , /T LALES 1 1R 5 T 1047 20 BE . 511 [ 43 BE AT LA 45 512
H S A AT — 1k FES 129 R G & FEHATR] , T2 MG 3R b B B B — AN P KA (R BAN
B) &b FHA o A — AN A1 1) 5 PRGN [A] 45, AR € an S hrdE (UL BRI EL i 2 &
MR I AL 3R X T X — AN A 1R eI (8] R 1 B — AN BAR ZRAL E ATA]
AR GG 2 A I A W 3 FH T — AN AL A L I LB G0 4 A e DL e 2D
GEAEET BT LAES 1290 R AR —1b IR L, B S 5 1270 G & FE AT — 14k, A7 7E 4
X RE—AIHE (R GFNB) FUER X B — N A (9 a5 & — AN A AL440 , BAEAL440A-4400) Flr
P2 R — AN AT IR 6 0 2D B 45 K3 £E o HDR AL B () ek FH ] LA RES 1 F DA = & G s, e 3
Fe T S RS, I ELA R AE AR AR B . DA b se Bk 17 H—1k.

[0118] B j5 F512h M MG A JF sk T g th 5 H0F R Hb, mT LAFES 14p 5 F AT Gt &4
B F PR R — MR R A RS IAE I g R R E AN T 2 AR Rl 2 2y
KARE15XIX 2D G0 T E R L AT HAE , DUAR BUFAAE T-5 16 8 =280 0 TR — AN
BRALE /NP (patch) (BIAN11x1 UG FEEEE R) WIS 2R . B — APl de
BELEVPAl I AR TR 25 BRI R IR 1T  BL AL, 4 RERAERHIERE R AT 35 AE , I BLAE A B 2R 05
25 X NS R 1 B 42 ) mT DL I B KA X — AN AR I B AR A E .
FITH 55 00 Gt 1 2 ) 28 30 0 4 s 1 5, 1 EL IR it FH 1 X 40 AN [ FR 258531

[0119]  MSTLRIZ S B, &1 — AN A AE s & IR 2D MG B 45, o & 4 FF i -
AL — MR RS BAE N R I516 5 1 2 AR B (1) — N 40 2 N
S511HH% 5 B, 7E517H 1 LA E A FF 1) 2D G B 4 45 A B ARG it 3D Y, 3D AR v DA FH
THRORAE S P AR 2 — B 25 3 (n 5148 H 2 AN A 1440A-440CH ) 135) B3 3DBL A v] L
AT RS Mo BAEN .

[0120]  #R¥EZTT i, AT LATES 18 AR IR A4 X (131 fam ifin ¥ B i R 8 4321 2SP) o 3X A] LA A=
XT oK H ) —— I IE B 53 2 12SPH B B AR R AT 4041, UL SR G BT & & IR (1 2D
G BAE S AES 197 B 78 WA (LT B L2 3673 21 2SP) A2 < 212A (BILA) 22 [8) f) b 53 ) 7
B o IX A LS — AN A TR AT o AT DL ISP A X — AN 40 2 I3 B S
53 212SPIP) d L3R R I A7 B R FE W 25 IR 2D MG SR 42 H (1 B — AN I BT LA £
1B o ATAR S 5 (149 S 4 550 AT DA 46 268 H LA FHAE P 355 o v DUdE I AT AT 2 En AL 2% 25 1) 2]
PG 2 AR 5 AR SR 58 2 BT BAT 1945 2= 23 (R 2L 8 25 18] () dn Lhmm it #24E , IF H AL AT LA
B8 = 2 I e 20 ml AL AN 124 FH T UG AT H T b H 1 e L A A8 R ALER
] TSR A (WSR2 T — ) FOEE AT LAR X SE U ] LR B DU AR IR ] LA
TE3DBEIY R LA B B o 58 AT DL S8 ik il A5 4 A 140 P I 4 SR AT A B3 1) 7 ¥ W
5 e o~ S5 5 B — AR B A X LA B SR — MERAR AR B ANEL T, e AT R
VERFHN s 57

[0121]  Huik T 2B AFAE (Banfd A & o 544313, ARS8 )l LLAES 20 &5 45—
AN A 52 SBELSG (U SBAFAE B IR 43 B8 44) B B o T LAES20H i@ ik ~F- 34 sl SR FE 7R 167 4
53N M3 B 2 373 21 2SPR B 1 A5 3R AL B SR 1T ST X B — AN A I XS SBERSGIY
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A o AT DL - S5 % R0 A 1 SBES GAE A A 18 X 3DASE A (1) 1 % SBER SG I B M o LA
FISBEELSGHINAL & , AT DL i &t S LARTSBERSG I ~F 149 1) ik 25 Sk il 5 ML 375 B i 4% 350 4 1) o
HSP (&I2F13) «

[0122] B AbAA X (454 i 37 B i 28 5 43 21 2SP) 348 AT DA A3 78 526 H 7 58 BF i 75 28 10211)
B (W) o 7E — S8 St 5] o, 7T DA 8 Se 7E 526 i i bR IR 4 2K N BT B — AN & & IR 2D
G B B 1 21 2T 5 2 3T LRk 25067 T8 2 1 2 TR B 1) A 85321 5 b A5 25 ) e 2 A )
A B (a0, WnAELAS SBELSG 2[RI 1) , 3 HAR J5 1350t 0k — AN H A ) B 25 IR B R
T g A0 56 5 (W) o AT LLIE S~ 350 5K B A0 A 0 WAL SR 1 7 W) S 2841 o AT DL 2088 S 5T 1) 5 7 R
AT DI A ek 2 9 B JEL JE Tw ok WA SE W o Tw i) LAAE L 245 BT #E S & 28 102483 3 BLAF
il TEAT it 7 7P 1 ST X8 e JEE B A, B3 W m DA T8 SRR T A 4R R IR, A R B T o
FEWANAR S i 25 2% 1027 1 FEHTAE SR A 52

[0123]  MHSPFIWi, 7] LA#E528 71 &% 3DAL AL A FH LA R B Eqn . 1R 8 A4 X (5] 4 if 37 B4
12 355 212SP) HIAAFR

[0124] Egn.1 VSP=HSP x Pi/4 Wi?

[0125] SN 7 EALYUE B VRS 5 212SB , AT LAIBAE ALK 77 7% o v BA B S 7E5 30 H A iR X
J T PTUE ) IR 70 2 1 2S BRI SR M R = o B T 2 T A7 AE Bt e 40 B 442313, W] A #EB 321 13
ot AL AN A A I B 2D B G S A e ) IS 21 2B B 1 5 25 3 LR JE K
2= SBERBG AR 72 £ X — AN A0 A B ITE R ML 9358 23 F4) i FEHS B o R LA E 520 70 Affy 5 SB o 75 47
TEBEI 73 B A3 13H G O T, W AT DUd ik P 24 o3 MBI 4 B RS I3R R ) i M EfEE H
A7 B R A B — NI BG . T LB I R 2R i A 28 10200 B T B4 E 9 HR G
BT A — NI A ) B L Tw SR A 52 (U PR IV 38 43 2 1 2S BRI B S 3% & - AT LAFES 26
B EW o 1] DL I P 24 — AN A 1 FH S HS BAR SR 52 HS B fie & AH - INHSBATWI Y e 248
AJ LLZES 345 8 FH DL S £ 3D A I Eqn . 238 i 78 3T UE (4 I Y5045 21 2SBIIAAFH .

[0126] Eqn.2 VSB= (HSB x Pi/4 Wi%)-1/2 Wi%+ (Pi/24)Wi®

[0127]  mlagkh, EF 06— AN A IO 2B 5 1 2D G 1) 45 Bl % 25 2 01 mT DA 40t 58 4 R 55 DA
) R SR T 28 B8 1021 3D R FUMA TC A% 345 o B —AME 25 HL AT 2D 2 00 A% HH 1K) 42 BR 5 O Az
B, 2DRE AU A% SR I T LA = AN T [ A Bl S5 381 3D R A4 T X A% 345 LA FES 1 7 A= Bl DA A
2D A KT (1) A 22 T ML A40A-440C 5 5 X0 B — N A 19 438 2 a] I RS HE A J2. 1T 5 3D
R FUAA T X 3455 1 o 7] AAFAE A — AN 2D M B I SR 45 4 2 IV B R T 4 (BB - &84T
X — A4 E FF I 2D BMR B S FR IR (1) 28 0 0T LA B — AN A 4 LAE — B LAUE CCA R
(R IX < S A — N A, L7 BRI 50 43 21 2SP YL UE IR I Y330 43 21 2B 8 i 45 B 4k 313 (U
RAFTENIUE) (2SR 212AV 2127 R SE218FI ] RE L EE &2 55214 W B — AR X AR i T
FI3DME A TCINA% 345 L, H B An RS BITEA AR A 2 (2 — 30, MY B & X A g R 1
TR A FLT .

[0128]  fRE AL A, F25 Fh X w5 2 3D AY , I H A&F— A X AT LUAS H >R H 3D k& $l44 7T i %
345 HEAS 2RI F &5 SRSk F Ak o DA AL I [X A7 B ] LA FH T e o b ) R A AR Tl L T
MR B, (S 1535 A il S A2 1 2ABRPTTE R T8 70 21 2SBE B I 7 B9 44313

[0129]  — H/ES18H AR iR B AR X, o] LLid it Fi) FH— AN B 2 AT 04 7 FE 48 X AR X (1)
2DF PR AR AT B A SR i i HeA A T (B AnH TR /B8R L) FIAFAE M o AE— AN S b, 43 28

22



CN 108770364 A ﬁﬁ HH :F; 20/22 71

()3 K2 AT LA FHLOIRLAR A — A, infE20164E1 H28 H 4 AZ ) @A “Methods and
Apparatus for Detecting an Interferent in a Specimen” i) 3t [F] £ ¢k 10 3& H Il if % F)
FiE 562/288, 3759 BT IR 1) o 8 B 24 IR 2, P 35480 v] LA T E52 1 Fh S Ak n] DL 48
VRN Z A A B S X RE 2 1200 T3 /K P RIHILZ 51{E (Havg. Tavg.Lavg) - LAtk
72, AT BLEF A 3R A A X H L T LEENFR B — > — 317325

[0130]  7E i B A &Rk 130.430.430A . 430BAL , o] LLIE IS ) — AN sk A it P45y 2%
AFTES227 X AR X 1 2DE 4 £ 1HEAT B AE SR Al o N =4 (81 e e L SV AT/ BV TK) 1 47
TEME AR 2 AN A BN A AT DA T AR B X2z e A 0 IX 38 R 5 25 L A N
R X RN 5 T LA T8 N IE P A T4 AR - 2DEIME T LR T 7E3D A = il & 45
g, FoA AT DA U] TF 55 ARFR o ] DAMARARVSPYsk 25 N3 P2 A TH AR, (645 32 it v]
FHVRAA I B8 Ak T o 25 RO A AT DA T8 0E F= i o B 4% 52 B BB P 3DAR ST A% |, 3 B
K H B — 2D R R 4E B AT DL T B 2 S A A T & P AR AR AT3DAL

(01311 AHRZHE, B 4B B A2, FEAR SO i s A B A 130,430, 430A . 430BSL Jiti ) 5 1
BT g A 77922500 7] LA T BURE i 2121 I3 B 2 35043 21 2SP A / BT 3 1 1 95 43 212SB
[PV TH B o T DS T 22 A0 A SR 4 B 2 &5 SR AN e B L S 7R 9 3DAR Y o

[0132] K6/~ 7 RAETT L6001 AR B, Forp vl DU A i ke A A 5 130,430, 430A
430BRFAEZANITH o iR 77 1E6000) — B2 A STt il R EHE , 1 wissd 2 AL O
HAHH14404) o FHH1440B.440CH] LA T MW E R A3 IR 44t X EAEL440A EAIR
V] A 3 P A T B R A AR 1) FL R 44 0B 440C 2 ARIRN K], 3 B AE 28605 (K51 A
AT LLFH I R T o 28 7 06t T & T A 2 TA) B AR AR 22 e (R R il 21 201 3D Y635
[0133]  EH AHAL440AFI I & AHHLA40B 440CH IR 19 G n] LU A2 2 Ak (5] anRGBIEE) F1 %
W 6 AT S, WnbA b B it v 1 o e i, o] DA R — N A A L FHE604AHR B — AN
WK HAT Z AN (B n4-8B B 2 /MEOGEEE £2) o w] LA [A] i i FH 5 2 AR AL AT @ I ' i 20
e AF450A-450CH1) 15 35 I BA SR SR BT % A — AN FEM1440A-440CH) B — MR G AR 0 AH N NS
UNTE B 4A 4D AE-AGH AT HEIR ) o AT g stk b 41, v] LLFE604BHR 15 %2 (s AHML SR B A3 FH IR 4G
(1) 6k 2H 2 414450\ A50F 1) 1 YRR 1 5606 FR I Z R B R 5

[0134]  mlikHh, T LA 2 T — AN RS A . 6l a0, Ji A & B 4308 AT LL A T &
b, I B S A B AR 430A R DL FHILNAS I . SR 110 , B AS A A e p (T — AN AT LR F &
A FIHTLNAS I

[0135]  4RJ5 mI LALES08H m ik b b 2 5 LU AE FH 2 2% -85 108 B 15 55, tnbL BAEn] ki
B B RTE BTRER B UG R Ja v DAl — 2D A #E DU DA DA B IR B 7 A 511
(1173 Bt o 75— LL 5t 451 , 7E604BHR 5K H BT s P AR G AT LA st FH F5 1 1R g 43
B [FRE I, 7E.604A FR i 35 IR AT A 1450 0T DL A R b FH T 52 1 FR T HI LN R AIE o SR T, BH 211
&, TE604ATF R I G AT LA F5 119 1943 B, H HLAE604BHH #fi sk 1 & mT DA 521+
fRTHTLNAS I

[0136] A& HEAS ST TR 1 5 VA AES 23 Fp AR IR AN AL AR S 21 238 v] LB IG5 11 R DA R 43 Bt
Sk S o FE523 FH B ALAE S 21 21] DLASPERE 5 21 201 S e My 1 4k B AR P 1 B 5, 8 LA SBL SG
F1/BBGH W ER A &, F1/BHSP (LI B 2 34 21 2SPRY ER FE) HSB (L B M4 212SB
(IR ) A1/ BRHTOT A/ 5528 Hh f L7 B I 3 35 43 (VSP) AR A/ 85534 HH PRI 1T 1) I 58

23



CN 108770364 A ﬁﬁ HH :F; 21/22 1t

4% (VSB) FARFA I 52 , G L E BRI R 1 o ZE526 1 1T LU MRE i 25 98 R AF SR B P9 556 BE (W)
[0137] 5 7 $2 A AT T IR 1 37 B 2 350 43 2 1 2SP ) S B A R 1) L 22 B 8200 1) U 2
B TR BN T AR IC NS PRI AR AR I, AT DATE 5220 SR BN = A W g vk DA AR AR T
B I 2 3 5321 2SPHA (1) e A B IR ) A7 AE 4 o v DA TE 528 HH iff 7 14D I 7 B8 M 3 358
VSPIIAS THA AR Uk 23 BT A7 75 1 TR — AN B2 AN N3 F= 40 00 FH R A T4 AR DL SR ECEE 47 1) AR AR
it o AT LLZE 5227 5 FI N3 P9 43 2R SR A A o 4 — AN AL A ) 2D BRUAG K s , DAAA 58 I v
B ISR R 4 21 2SPH ) N3 P I A7 AE BB R o 8RS AT DATE AR SCRT IR (1) 24k 75 1k vh 2
I N IE PR 5 22 A5 U N IE P2 A8 3R AR R 18 v LATES 21 [T HILN ) 28 o 2200
DA A 45 SRt o 72— e St 451 o, A P= ) R I I v DU RRAE I . 72201641 H28 H 2
A H BN “Methods And Apparatus For Classifying An Artifact In A Specimen” i)
% EIm I LR HiE 5 62/288 , 358 1A 1 4n7E521 FR SR AL N J& =kl .

[0138]  S11H 2 BRI 4 B ml DL T FR i bR 25218, #5218 1] LLELFE AR IR 15 2215, 1
WA AT LAE625H SEEL S TR LARR IR AE 212, — HAES 11 ) 0 Be AR iR 345 25218,
AT DA A R 2% TR S AR A o SRR 5 RGN A0 5 LS ) R 8 26 TR, rT DA MK E
LA AR SR ) e R B B s B A R S AR TR

[0139] BT LAFE627 HH AR 5 5 562 1 77722600 58 BUAE h 25 28 102 3 — 5 F AL . R 3 & Fh
PLAR629 7 B Y L 631 1) 75 S A FN633 v (1) 76 B (0 1) R AE W] LA (L4, I HLAE 1R RE %
FE635H A 3D AL, 1 LA LU Bk [ & PR I 1) 4 DA S 56 i 2 T Ab Bk R — AN A (491
Wik H AHHL440A-440C) 1 B G S IR TR B9 R AE o 4 S 3R B3 W AN 5] IR AR, D) ] DL SF- 3 B
DA U A% SR 521 HF I HTLNS 25 . 523 H (R BE Ak L 522 i N3 = 4 il A
627 HH [ B it 25 BRSBTS B AT DA T AR 3 DAR 635 . 3DAR AL 635 1] LA T e 4% 1k 52
i ZRAE AN/ BSR4 Fh2DA A (6 A AHHTL440A-440C) 145 B B84 636 H (19 3D AT LA
AL FER: BRI A A7 B 1 R 313D 2 (] o 3D HE 8144 76 I A% 1T A 2D 21 3DAIL P Fry 1 3

[0140] PR TR 7 R4 — AN B2 AN St 45 P S5 A 5 2% s A/ B0l 0 i3 AT IS 7 v R
FEE] . T VET00ELHE , fE7029 , TE G AL B (B an A5 A7 B 441) Kb FR AR5 R 5 (B ks i
212) WOFE L 25 2% (B AN RE i 25 25 102, 1 WAt 25 1 MRS ) o A8 A7 B 441 0] LLTE R AR
AERIHL130.430.430A.430BN . AT LLIE i N Horis 2 500E (FlanfhiEgl2l) Felsdyias A
(T BL 2% N 12458) Bl 50 A0 00 B ROMEAFF t 25 8 (B A i 25 4% 102) TRCEL/E UG AL B (B 4n
FAG AL B A41) i,

[0141]  J5VE700HHE, AET04H , 3R ALTC B A AZ AL E (B0 a5 A7 B 441) Ak AR
— e Z AN AL (B AN #1440, 440A-440C) , LA ET06 7 , 3R ALAC B RN Frid — ek 2 4
FEAL (B a0 AHATL440 . 440A-440C) $E AL IR — A2 A IR (5 an AR 2 23444450 4504
450B.450W)

[0142] 5370064, fE708H , R HET IR — A8 2 AN R (B Wi e i 21 2E #4450, 450A
450B.450W) Ye IR S B AL B (Bltn g A B441) , LA R AET1I09, ik 2 B . frid 2 -
A LR AR AT B I HLAERE S 2% (9 e il 25 45 102) AR S (A0 212) 474 T 8
A B AL FIE IR AE 2 AR s (5 g it (a]) AbHUAS . Bk 2 A~ B AT LRI FH g — A~
B N FHHLIE Z A AN [FATRE AL HUAS o 72— R st 9 vp A0 nT L 505 A B &, e H e —
der, § S R AR .

24



CN 108770364 A ﬁﬁ HH :F; 22/22 T

[0143] 7109 ()4l 3k 2 AN G v CATEAS R g 't (491 anFgg Y6t [8]) DA R PEAS [R) A A o il
T — e St 451 R DA AE AR LR A [ B G [i] Ak A3 (1) 4 -8B BE 2 /N AN [R] R ' , {H2 1] LATE AR
] FE B 58 F 2 U I R — AN BB AR — AN AN St g, my DL B A T R
HH DL R A P JE % 3 2E B 1 () T Jr e 3 2H 5 446 3) B 6 DI Rl 3k — Se 4% . /8 e S i
e, ] LA P45 B 1 a0 2T 0 L 43 (0 R €0 22 SRR R I K P R 5 A 1) 22 AN 28 4
VKA IR ENG o AE— LSt 451 v, 3 e m] DAl B 350 5 e YR 1) YA 2H 2 4 450-450F 3K
PRt o 78 B S T, T DALE FR B B 2H S 450W 4 O oA BT LK O RS AT R
W TFE LA IR R GRIBEIME, WA EFrif e i o 725 — AN 52, v Ll 2 A AL
440A-440C A\ Z MR A B BAA

[0144] %7775 0] DLELHE T SRS B LAURC 25 75 5045 J8 AR 1 — S8 DU B B A7 AE R IR 0k .
SRS IR T LB XS B )R i G 25 2 5 UG (9 s 225 5088) SR 58 i vl ATE 55X
FE 2888 10218 BEUZ 1 AH 5] (A R eI (] AL B A5 1S 225 MG, (H2 W] LAFE B SRR 12270 I
Al X2 L0211 I il 3R o SR T, A 257 Ak S g s B T 0 V) — A AL, P DA FH L M e )
[0145]  J7E700E FEHR AL Ab R B 22 N0 A Bk 2 4> 2D UG E i S Rk SRR 4291
S 2D B £E o 22 53 R 2D KU FE A 43 2R L35 BRI S L 3 4D LT 4 < e P 4 s A (B
B F5E MEMEE S R EE P — s A

[0146] 7732700 0] LAALFE K 28 53 S ) 2DE o 4 v 1) 7 B DR BR BI85 FE (1) 3DF R 4 . LAkt
75 2 T LA T L2 AN & R A SR E B 48 00 SR 2D AR 4R T B (B an 4 3) 3DABEAY . ] LA A
FH 3D R RN 2% PR A () 43 B 22 1) () %6 I M o 7E — BB SIZ i 45 vy, AN 22 > 2DBUHE 45 4 BRI 4
A R SDA AL A LA R AL T T304 (H TR1/B5L) A7 AE BB 2 (IE 5 -N) [ R ALK fe &
SEI WAL BT, T AR T 2 A R B T VEAN DR S TR K T o [ R b, AR
B Z A 2D A AR A 22 I 3D Y v DA A T4 06 T N & =4 (ks .S B 1Y
AR BRI IR RAE 1) B 28 45 2R o o] L DT AR A& 19 5 S 2ok B 7 B 75 2D A s 42 503D
R 25 B, v and i 75 o Bf B B 3D (G 3R 4t h AT EN i e, B sl (s il ik
G e B B R 5

[0147] B ARTEIR 1rh O 20K ot B ZE R 1 307 HY 9 i A il fdi 45 e 4 5 0o ML 125 E A S
a5 B 2 JE $AAT FRAE , {H A2 ] LA ) ) 2 7E — S8 St 451 o B 2 75 20 A A (481 6 43 BT 4 106
108F1/84110) FAFEZRFAE , B3 DL B 07 AR A it 0266 B 100 AL 141k - 49 4,
AR B R i A2 B 100 IUIE 12 1 2 35 1324 (9 AR 37 43 B ASCRT LAASE FH %45 A A
TR B 1 30LALE M 22 BT RAERE S 2120 B Ab , 28— Re STt 5] , AT DLZE B AL 48 10428
R BB X I 105 2 HT AT B9 0o 0 59, [ A7 — Lo S g o, o s AE AL B 130 1) DLAL T
BB X IHL054L , IF H LA N 124— HREHRE 525 45 10228 85 31 244 1 22 rp jgh mT DL STt ot = A
B ERABE130.430.430A430B— A2 o] B3, ¢ H AT LA FAE ¢ T HE 121 KA
[ HASEL B AL, BEE A N A — R 2 B8 10278 15 50 B 21028 3 X 4 b 2 JiT FE D5 O a7
v,

[0148]  EARA R BHARVE & FME ARl B 4 X, (H 2 O S 7R B I s i 7= 411 07 =0
FH HAEASCH VEAN R B AR 2 90 A2 B St 49 DA S 54 o AR, B S ER AR 2, AN B B A
R BH PR a1l 21 BT F I s e 25 B 8O v TR A R IR 78 5 A A R B IYE R BT
1BE R F AR B s

25



CN 108770364 A W OB BB 1/13 7

100
N

K1

26



CN 108770364 A W OB BB 2/13 T

102~ 214
TC ~., 212 _—1—212A
--’- L
LA=~. \i Fle— A
A + Tw
HSP O
2128P SEr—
{33\1 2| 215
gg HT
HTOT T |o=
N
HSB 218
212SB —wi
y 2127 g
- W >

K2

27



CN 108770364 A W OB BB 3/13 T

214

102\ /J

lt— Tw
212A
~-313

1
=
v

[

)

— 215

912347646
HELLE I EE R ERERS

L~218

N\
212T

28



4/13 T

£3

1z I

i

CN 108770364 A

450

452

122H

]

\-218

/
\ ~—
\ o
(%)
N
<
.42
A
; \
H \
: \
; \
: \
/
u-% \
N /
/
/
\N-
H \
/3
/
/
\ 2
< 2N
e

143

K 4A

29



CN 108770364 A

" PR BB

5/13 T

450 455 452

74

7/

7

7

456L7
455

/.

457

456

456C

K48

30

459

— 4508




CN 108770364 A W OB BB 6/13 T

455 450
452
458B 459 f
458
455 > 480
//f 461
“\.._a L %2
] | 456L
455
4541
456C
454 |
/
454R  454F 4508 || 457

F4c

31



CN 108770364 A W OB BB 7/13 |

143
el 430 \
i HA
1 446
|—F=——————————— L o o - 1 E-450W
: 214 .- :
1 468 449 N
102y .o .
: / / \ o -"k‘
I 470 e
H 469 e 212—
HI~-484A 3
A
| H~4648
440 | 1
' :
| 464C
I
e o e e e e e e — — — — — — — — — — — — — —

32



CN 108770364 A

B M E

8/13 L

450C

™, 450B

- 450A

33



CN 108770364 A W OB BB 9/13 T

4308

AN— —~—

121
440C

N450SF

450F —

N

‘\

e L L Lt [ — s i
- -

Ll T
-
hiull L T LT
-

h
2

Y
3]
o
ri

T450SE

440B

—~— Y Yvy
G

Yy

143

K46

34



CN 108770364 A

i

BH B M 10/13 7

EREEE
BRI [
HEEE | oo

500

511

YVY

|
% R, AR IR Y FIR AR K o T
i ||| s | [FRRRE e BUEI| GR)
{ J y 518 o 7
517 5307 y 519 521 592 f
4 E LA
| # % HSB (ZA) (34)
532 — Y T AL )
‘ pry nE B wK B
SB.E—&SG "'"\520
s34 A1 et imanr [ —
#ARAR HEWNL [~526
523 - Y
R ARAR

K5

35



CN 108770364 A W OB BB 11/13

/ 545

9128347843

K58

36



CN 108770364 A W OB BB 12/13 T

GOOw
B604A
510
= - AR
,& FEixY '
#ﬁﬁ}t} P %é% g ER
Fa % K 508 l 521 ?
B 1% I \ o
> TR HILNA % ¥
v : 1—_: AR | e— 3DACA
o o —=
. 635
R » HLEL -
: A
ZRAEK 2048 . i-".i(ﬂﬁ‘] > ww
_625 J o
A : _-’
L s w2sm —— ST A IRIR >
, 629
508" ‘ - ?
" »| & XA [] 605
SEER i
55;0 p-| ERRAR
631 5}; élﬁé;éﬁ
> e H B
633

FARLO)

K6

37



CN 108770364 A

" B B M &

13/13 1

700

\~

B ERARBOEFBHH RS

'

RALEC B A ML B LK
B 1589 — AR S AL

'

RAARE T RBALE G — AR E DR

'

AR TR —ANRE AN RRARREALE

- \708

l

BB B AT REAEL
LT, ESANARERLLMRCHE
B4 B e A B IR 69 S AN ER

K7

38



	U000001430237_SPECS.pdf.PDF
	BIB
	BIB00001

	CLA
	CLA00002
	CLA00003

	DES
	DES00004
	DES00005
	DES00006
	DES00007
	DES00008
	DES00009
	DES00010
	DES00011
	DES00012
	DES00013
	DES00014
	DES00015
	DES00016
	DES00017
	DES00018
	DES00019
	DES00020
	DES00021
	DES00022
	DES00023
	DES00024
	DES00025

	DRA
	DRA00026
	DRA00027
	DRA00028
	DRA00029
	DRA00030
	DRA00031
	DRA00032
	DRA00033
	DRA00034
	DRA00035
	DRA00036
	DRA00037
	DRA00038



