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Apparatus and Methods for Processing and Cataloging of Samples

Cross-Reference to Related Application

[0001] This application claims the benefit of U.S. provisional patent application
serial no. 62/694,093, filed July 5, 2018, which is hereby incorporated, in its entirety, by

reference.

Technical Field

[0002] The present invention relates to apparatus and methods for processing and
cataloging of samples, and more particularly to samples that are tissue specimens (typically
in research and clinical laboratories) and items obtained from crime scenes, for evidentiary or

investigative purposes.

Background Art

[0003] Tissue and other biological specimens are modified and analyzed through
various medical and research processes in laboratory work, in many cases in very high
volumes. These processes generally assess specimens of variable size and detail and require
precise and consistent tracking of specimen details and recordkeeping of the necessary work
performed on said specimens. In many cases specimens under investigation are unique and
cannot be replaced or reproduced if lost, mislabeled, or incorrectly processed. Given the
nature of the research and/or clinical work underway, detailed and highly accurate
recordkeeping and specimen measuring and tracking are required; this work typically
requires great precision while nevertheless being repetitive in nature. Such work can

therefore strain human technicians’ capacity for accuracy and precision.
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Summary of the Embodiments

[0004] In accordance with one embodiment of the invention, there is provided a
device for processing and cataloging of a sample, in a container having a label with
identifying data. In this embodiment, the device includes: a framework defining a work area,
wherein the work area includes a location for receiving the container. The device also
includes a plurality of cameras mounted to the frame. The device further includes a controller
system coupled to the cameras, the controller system including a controller and a non-
transitory memory storing instructions, which, when executed by the controller, cause
carrying out of computer processes. In this embodiment, the computer processes include:

causing a first one of the cameras to capture an image of the sample in the work area;

causing a second one of the cameras to capture an image of the identifying data;
processing the image of the sample to a data output characterizing attributes of the
sample;

integrating the data output into a catalog record output characterizing the sample,
such record also including the identifying data; and

transmitting the catalog record output over a network to a record system for storage.

[0005] Optionally, processing the image of the sample includes forming a composite
image that includes the image of the identifying data and the image of the sample.
Optionally, causing the first one of the cameras to capture and causing the second of the
cameras to capture occur in a manner wherein capturing by each camera occurs
approximately simultaneously. Alternatively or additionally, the catalog record output
includes the sample image, the image of the identifying data, and a time stamp indicating a
time when the images of the identifying data and the sample were captured.

[0006] Optionally, the sample is to be transferred to a processing cassette, the
processing cassette having second identifying data thereon, and the work area has a location
for receiving the cassette while the container has also been received in the work area, and the
computer processes executed by the controller further include:

causing one of the cameras to capture an image of the second identifying data;

transforming the originating identifying data and the second identifying data into first

and second digitally encoded text respectively; and

comparing the first and second digitally encoded text for consistency.
2
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[0007] Alternatively or additionally, the computer processes further include causing a
selected one of the cameras to capture a set of images documenting a transfer of the sample
from the container to the processing cassette. Alternatively or additionally, the captured set
of images is a video recording. Alternatively or additionally, the computer processes further
include analyzing the captured set of images documenting the transfer to identify an apparent
deviation in activity from that associated with a normal transfer. Alternatively or
additionally, the deviation is one in which a portion of the sample to be transferred appears to
have been modified or lost. Alternatively or additionally, the deviation is one in which the
portion of the sample to be transferred has remained in the container. Alternatively or
additionally, the deviation is one in which the sample appears to have been transferred to an
incorrect processing cassette, based on failure of the second digitally encoded text to match
the first digitally encoded text. Alternatively or additionally, the computer processes further
include assessing the data output characterizing attributes of the sample for compliance with
minimum standards for downstream processing, and, in the event of such compliance,
issuing a notice message to the user to submit the sample for downstream processing.
Alternatively or additionally, the attributes of the sample used for the assessing include a
member selected from the group consisting of size of the sample, dimensions of each piece
of the sample, color of each piece of the sample, contour locations in each piece of the
sample, and combinations thereof.

[0008] Optionally, the instructions establish a computer user interface configured to
display to the user a distinct graphical representation of each one of a plurality of portions of
the sample, along with an identification of the portion, at least one attribute of the portion,
and a location of the portion. Alternatively or additionally, the computer processes further
include determining the at least one attribute of the portion by z-axis analysis of the image of
the sample. Alternatively or additionally, the computer user interface graphically indicates to
the user an apparent deviation in activity from that associated with a normal transfer of the
sample. Alternatively or additionally, the computer user interface graphically indicates to the
user non-compliance of the attributes of the sample with minimum standards for downstream
processing.

[0009] In another embodiment, there is provided a non-transitory storage medium in

which is stored a data record associated with a catalogued sample, the data record including
3
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(1) an image of the sample, (ii) an image of identifying data associated with the sample,
wherein the image of the sample and the image of the identifying data have been captured
simultaneously, and (ii1) a time stamp indicating the time when the images have been
captured. Optionally, the data record includes a composite image that includes the image of
the sample and the image of the identifying data. Alternatively or additionally, the image of
identifying data is associated with a container initially storing the sample, and the data record
further includes (iv) an image of the sample transferred to a processing cassette, (v) an image
of second identifying data that is associated with the processing cassette, and (vi) a time
stamp indicating the time when the image of the sample transferred to the processing cassette

and the image of second identifying data were captured.

Brief Description of the Drawings

[0010] The foregoing features of embodiments will be more readily understood by
reference to the following detailed description, taken with reference to the accompanying
drawings, in which:

[0011] Fig. 1 is a perspective view of hardware and additional items for a device, for
processing and cataloging of a tissue specimen, in accordance with an embodiment of the

present invention;

[0012] Fig. 2 is block diagram showing interconnection of the hardware components
of the device of Fig. 1, for processing and cataloging of a tissue specimen in accordance with

an embodiment of the present invention;

[0013] Fig. 3 is a block diagram of software and hardware systems used in the device

of Fig. 1, in accordance with an embodiment of the present invention;

[0014] Fig. 4 is block diagram providing an overview of processes carried out by the

components of Fig. 3, in accordance with an embodiment of the present invention;

[0015] Fig. S is a block diagram showing processes carried out by a technician in

using the system of Fig. 3, in accordance with an embodiment of the present invention;
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[0016] Fig. 6 is a block diagram showing the processes carried out by the imaging

module of Fig. 3, in accordance with an embodiment of the present invention;

[0017] Fig. 7 is a block diagram showing the processes associated with computer
vision processes for the imaging module of Fig. 3, in accordance with an embodiment of the

present invention;

[0018] Fig. 8 is a block diagram showing the processes associated with the z-axis
analysis for the imaging module of Fig. 3, in accordance with an embodiment of the present

invention;

[0019] Fig. 9 is a block diagram showing the processes associated with quality
assurance functions for the imaging module of Fig. 3, in accordance with an embodiment of

the present invention;

[0020] Fig. 10 is a representation of a display providing a user interface for the

imaging module of Fig. 3 in accordance with an embodiment of the present invention;

[0021] Fig. 11 is a block diagram showing the processes carried out by the approval

module of Fig. 3, in accordance with an embodiment of the present invention;

[0022] Fig. 12 is a block diagram showing additional processes carried out by the

approval module of Fig. 3, in accordance with an embodiment of the present invention;

[0023] Fig. 13 is a representation of a display providing a user interface for the

approval module of Fig. 3, in accordance with an embodiment of the present invention;

[0024] Fig. 14 is a block diagram showing the processes carried out by the

management module of Fig. 3, in accordance with an embodiment of the present invention;

[0025] Fig. 15 is a block diagram showing additional processes associated with the

management module of Fig. 3, in accordance with an embodiment of the present invention;
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[0026] Fig. 16 is a representation of a display providing a user interface (UI) for the

management module of Fig. 3 in accordance with an embodiment of the present invention;

[0027] Fig. 17 is a representation of a display providing a user interface for a first
step in the transfer of sample pieces from an intake container (shown initially as container
120 in Fig. 1) to a processing cassette (shown initially as cassette 122 in Fig. 1) in

accordance with an embodiment of the present invention;

[0028] Fig. 18 is a representation of a display providing a user interface for a second
step in the transfer of sample pieces from an intake container to a processing cassette in

accordance with an embodiment of the present invention;

[0029] Fig. 19 is a representation of a display providing a user interface for a third
step in the transfer of sample pieces from an intake container to a processing cassette in

accordance with an embodiment of the present invention;

[0030] Fig. 20 is a representation of a display providing a user interface for a fourth
step in the transfer of sample pieces from an intake container to a processing cassette in

accordance with an embodiment of the present invention.

Detailed Description of Specific Embodiments

[0031] Definitions. As used in this description and the accompanying claims, the
following terms shall have the meanings indicated, unless the context otherwise requires:

A “computer process” is the performance of a described function in a computer using
computer hardware (such as a processor, field-programmable gate array or other electronic
combinatorial logic, or similar device), which may be operating under control of software or
firmware or a combination of any of these or operating outside control of any of the
foregoing. All or part of the described function may be performed by active or passive
electronic components, such as transistors or resistors. In using the term “computer process”
we do not necessarily require a schedulable entity, or operation of a computer program or a
part thereof, although, in some embodiments, a computer process may be implemented by

such a schedulable entity, or operation of a computer program or a part thereof. Furthermore,
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unless the context otherwise requires, a “process” may be implemented using more than one
processor or more than one (single- or multi-processor) computer.

A “controller system” is a set of controllers.

A “set” includes at least one member.

A “sample” is an item that is to be made subject to processing and cataloging for later
reference thereto. The term “sample” includes, but is not limited to, a tissue specimen that
has been obtained for evaluation, as well as an item, obtained from a crime scene, for
evidentiary or investigative purposes.

An “image” of a sample includes a photographic image as well as a video
representation. The photographic image and the video representation may optionally be in a
digital format, such as a JPEG or MPEG format.

An “intake container” is a container used to initially store the patient tissue specimen
and/or the container used for transport and presentation to the relevant pathology laboratory.

A “processing cassette” is a container with slated openings (or other similar features),
used to process patient tissue specimens after receipt and intake in the pathology laboratory.

A “requisition” is documentation which describes the sources of the patient tissue
specimens, relevant medical and patient identification, and processing required for said tissue
specimens. These typically accompany the patient tissue specimen intake container to
confirm patient identification and provide detail for processing in the lab.

A “tissue specimen” is biological material including but not limited to tissue from
organs, dermis, or other areas. Tissue can be sourced, among other places, from medical
procedures including surgery, biopsies, animal testing, and autopsies.

A “touchscreen” is a display device that allows a user to interact with a computer by
touching areas on the screen

A “software module” is a set of programs that cause a processor to perform a set of
“computer processes” as defined herein.

An “electronic medical record” is a record, containing medical, biological, case, or
test information pertinent to a subject, that is stored in an electronic format. Such a record is
sometimes referred to (among other things) as an electronic medical record (EMR), a record

in a lab information system (LIS), or in a lab information management system (LIMS).
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A “label” is a designation, applied to a container, that includes data identifying
contents of the container. The designation may be achieved by wide variety of methods,
including by ink applied directly to the container, by a printed label affixed to the container,
and by engraving the container. The designation may be in any of a wide variety of formats
including alphanumeric data, bar code, QR code, etc.

A “camera” is device configured to capture, as a photographic or video
representation, in two dimensions or three dimensions, an image of a scene, wherein the
scene may include a sample.

A “framework” for a device for processing and cataloging of a sample is a structure
that mounts a set of cameras configured to capture, among other things, an image of the
sample, and that also defines a work area in which the sample is imaged.

A “graphical selector” is a portion of a computer display, exhibiting an icon, device,
or button, the invocation of which by a mouse click or other method of graphical interaction,
is configured by a computer program to constitute a choice made by a user.

[0032] Fig. 1 is a perspective view of hardware for a device, for processing and
cataloging of a tissue specimen, in accordance with an embodiment of the present invention.
The hardware components function independently, and in conjunction with additional items,
for the analysis of the count, size, and other qualitative and quantitative visual features of the
tissue specimen.

[0033] The system hardware is housed in a main system framework 114 made of
rigid plastic, aluminum, or other appropriate material; this embodiment utilizes a rigid plastic
enclosure manufactured using a typical injection molding process. The framework is molded
in three parts, which are subsequently attached utilizing molded fastener holes for part
alignment. This framework 114 includes support and mounts for all hardware components
including cameras, lighting, visualization screens, and processing components. One of these
hardware components is the main camera 104, which is mounted within the main framework.
The framework 114 also includes an interior platform 108 allowing for environmental
control of specimen assessment (relating to control of parameters such as light and
temperature). This platform may include an area on which to rest the tissue specimens and
other materials for the employment of the system on said specimens and additional materials.

An intake container 120 which holds the specimens under assessment, is shown on this
8
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interior platform 108. The label for this intake container 118, which may include information
identifying the sample, is also shown. In this embodiment, intake containers are Thermo
Scientific brand Samco Histology Bio-Tite Nonsterile Specimen Containers. These items are
available from Thermo Fisher Scientific Inc., Waltham, Massachusetts. The labels 120
shown may be produced from common inkjet printers or more specialized lab processing
equipment. A processing cassette 122 may be used to process specimens; specimens are
transferred from the intake containers to the processing cassettes during the use of this
embodiment of the invention, as further described Fig 5. In this embodiment of the invention
the processing cassettes are Thermo Fisher brand Shandon™ Biopsy Processing/Embedding
Cassettes II; these items are available from Thermo Fisher Scientific Inc., Waltham,
Massachusetts. The system framework interior of this embodiment may also include a
number of markings and other features, located within the field of view of the various
cameras, to allow for various calibrations activities. This embodiment of the invention is
designed to operate in an existing benchtop area, and to address risks of operator exposure to
formalin or other fixing agents, this embodiment is designed to operate within a fume hood
or other area with air filtration. Other embodiments may include a self-contained air filtration
or air removal system for safe operation in the presence of formaldehyde or other toxic
materials.

[0034] An interior lighting system 102 may be used to control lighting conditions for
computer vision and other activities. In this embodiment, a 12v DC power supply is used to
power LED lighting, in conjunction with a voltage controller to control the voltage to the
lighting and therefore the light intensity. Optionally, the intensity is manually controlled or
put under control of a computer vision system and processing module, as described in
connection with Fig. 3. Electrical and control wiring for this lighting may be run through the
system processor cavity region 110. This various wiring may be connected to other
components of the embodiment via a set of ports located on the rear of the exterior of the
main system framework 114.

[0035] This embodiment includes a plurality of cameras providing a visual record of
views, both of the main system framework interior and of a region exterior to the framework.
These cameras may be configured to operate at various levels of resolution and focal ranges

according to context. In this embodiment of the invention, three cameras, namely the primary
9
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camera 104, and auxiliary cameras 106 and 112, are used for providing the visual record of
tissue specimens and containers, any labeling on containers, barcodes, and notations on
containers, as well as other documentation (including but not limited to requisitions). The
primary camera 104 may have greater capabilities than the auxiliary cameras 106 and 112;
for instance, in this embodiment, the primary camera 104 is a stereo camera capable of
documenting the height and configuration of tissue specimens. In this embodiment, a first
auxiliary camera 106 is directed towards the system framework interior, with its field of view
including the tissue specimen, intake containers, processing cassettes, requisitions, and or
other documents associated with the tissue specimen. A second auxiliary camera 112 is
directed toward the space near to, but exterior of, the main system framework 114 with a
field of view including staging area 116, where associated documents, requisitions, and
additional containers and cassettes may be placed and visually documented.

[0036] The primary camera 104 which is a stereo camera, has a field of view
directed at tissue specimens located in the system framework interior for quantitative and
qualitative assessment and analysis of said tissue specimens. In this embodiment, the primary
camera is a DUO-MINILX-LV1, available from Code Laboratories, Inc., Henderson,
Nevada. This camera has a 0.36MP (752 x 480) resolution, with a frame rate of 45 FPS at
this resolution. In this embodiment, the DUO-MINILX-LV1 can capture images with both of
its two lens and sensors, which may be used to determine the z-axis dimension of the tissue
specimens under assessment, as further described in connection with Fig. 8. All cameras are
connected to the computer hardware performing relevant computer processes; in this
embodiment, a Universal Serial Bus (USB) 3.0 port of the computer is coupled via a cable
passing through the main system framework 114 and the system processor cavity region 110
as required for connection to a USB hub (as described further in connection with Fig. 2). The
exterior of the main system framework is provided with a set of USB ports, coupled to the
cable from the computer.

[0037] Also, as noted, the embodiment may contain one or more auxiliary cameras
106 and 112. In this embodiment two C920 video cameras available from Logitech of
Newark, CA are used. These cameras have a resolution of 1080p and capture 30 frames per
second at this resolution. These cameras are also connected to the computer hardware using

USB connections in a fashion similar to the primary camera 104.
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[0038] This embodiment includes a touchscreen 100 for user interface for the
operation of the system. Other display and user interface arrangements are also possible.
Here, an Adafruit HDMI 7" 800x480 Display Backpack (available from Adafruit, New York,
New York), with touchscreen, is used. This display provides 800 x 480 pixel resolution and
measures 77 on the diagonal. This display is located on the upper outside face of the main
system framework. The operator interacts with the display to manage the visual recording
and analysis of tissue specimens as well as other information associated with said tissue
specimen processing and assessment. This display also provides an interface for the operator
to manage information and activities related to other components of the embodiment,
including but not limited to the approval module, management module and information
supplied from the electronic medical records system, as described in connection with Fig. 3.

[0039] Fig. 2 is a block diagram showing the interconnection of components of the
device of Fig. 1, for processing and cataloging of a tissue specimen in accordance with an
embodiment of the present invention. In this embodiment 3 cameras, one labeled “primary
camera”, 202, and two labeled “auxiliary camera”, 204 and 206, are connected to a USB hub,
208, using standard USB connection cables. These USB cables supply power for the cameras
and carries image and other data. This USB hub is powered by 12v DC power 210 supplied
from a standard AC/DC converter utilizing 120v AC. The USB hub is also connected, via
standard USB cables, to the CPU (central processing unit), 212. This CPU performs various
computer processes, including the operation of the software components for imaging
analysis, the imaging module 214 (described in Fig 3). In this embodiment this CPU is a
common desktop computer running Windows 10 Operating System. This computer could be
manufactured by a number of suppliers, for example a Dell Inspiron desktop 3668 (available
from Dell of Round Rock, Texas). This computer would be supplied with a keyboard, from a
number of suppliers including the Logitech K360 wireless keyboard (available from
Logitech of Newark, CA), and a display from a number of suppliers including the Acer
K222HQL 21.5 LED (available from Acer of San Jose, CA) monitor. In this embodiment
this computer is used for the operation of the software components of the embodiment, to
operate the cameras and other hardware components of the embodiment. The user may
interface with this software via the monitor and keyboard noted here or via the touchscreen

described in connection with Fig. 1.
11



WO 2020/009865 PCT/US2019/039229
12

[0040] The USB hub shown in Fig. 2 is also connected to a brightness controller,
216, for the LED lighting system described in connection with Fig. 1. In this embodiment a
92-342 LED Lighting Dimmer from Calrad (brightness adjust, available from Calrad of Los
Angeles, CA) is used to control a Philmore 4-LED 12VDC Square Light Module (light array,
available from Philmore of Naples, FL), 218. This lighting may be used to create the
preferred lighting environment for the image capture of the tissue specimens, the labels, and
paperwork placed inside the main system framework. In this embodiment of the invention an
additional power supply 210, appropriate to the requirements of the LED lighting, is used.

[0041] Fig. 3 is a block diagram of software and hardware systems used in the device
of Fig. 1, in accordance with an embodiment of the present invention. As indicated in the
legend for Fig. 3, data related to this invention are exchanged among three types of
components. The first type is the VPB (VistaPath Biosystems) software 302; in this
embodiment there are three main software modules: the imaging module 308, the
management module 310, and the approval module 312, as described in connection with Fig.
4. The second type of component is the data hub 304, which is used for data storage and
management as well as various computer processes. These data hubs retain image data,
system settings, sample reports, and other relevant information. In this embodiment of the
invention data servers are used for this function, which consist of computer hardware for
performance of computer processes and data storage, such as the Dell PowerEdge T30
(available from Dell Inc. Round Rock, TX). The third type of component is the VPB
(VistaPath Biosystems) hardware 306. This type of component of the system is the physical
hardware described in connection with Fig. 1.

[0042] In this embodiment of the invention, the VPB hardware components deliver
image data (described here as “video feed”) to the Imaging module. The Digital Vision
Assistant, or DVA 314 is the designation for the tissue specimen processor in this
embodiment described in connection with Fig. 1. The Imaging module software 308 sends
data to control various aspects of the DVA functions (described here as “camera controls”).
The imaging module 308 operates on a computer located near the DVA hardware. This
computer is connected to a local computer network via hardwired connections such as an
ethernet cable, as described in connection with Fig. 2. The imaging module sends image and

specimen data, among other data to the on-site data server 316. In this embodiment of the
12
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invention, this on-site data server is implemented by a computer system for the storage,
management and delivery of data, including among other features standard database
properties. The on-site data server has direct access to the Electronic Medical Records 315 a
database storing patient information or other information relevant to the specimen under
assessment. The electronic record system typically utilizes software provided by companies
such as Epic and Cerner. The on-site data server 316 may also have direct access to the VPB
data server 318. This VPB data server may be located remotely from the site of specimen
processing and cataloging; access to said data hub may be attained via internet providers or
by other common means. In this embodiment of the invention, the VPB data server
represents a system for the storage, management, and delivery of data, including among other
features standard database properties. This VPB data hub may contain similar data to the on-
site data server, and allows for connection to additional VPB software. In the case of
communication failure between on-site operations and remote data servers, both the data
servers 316 and 318 may be able to function independently and retain the capability to
support connected software components. In this embodiment, the VPB data hub is directly
connected to the VPB software management module 310 and approval module 312. For the
interface between the VPB data server and the management module, the server sends user
settings and other operational data to the management module and receives data input from
users and other user settings, among other potential data exchanges. For the interface
between the VPB data server and the approval module, the server sends image, patient, and
other specimen data to the approval module, and receives data input from users including
report approval or other report assessment data, among other potential data exchanges. These
interfaces are described in connection with Fig. 4.

[0043] Fig. 4 is a block diagram providing an overview of processes carried out by
the components of Fig. 3, in accordance with an embodiment of the present invention. In this
figure, a separate column is devoted to each of five components of Fig. 3 and the logical flow
for these components and their direct data connections are shown. The imaging module
functions 400 begin when the specimen assessment is initiated by the user 410. The imaging
module then controls camera and lighting operations 412 and may, for instance, set camera
aperture and lighting intensity among other operations. The image data from these cameras

are then analyzed in the imaging module’s computer vision pipeline 414 (in this description
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of an embodiment of the invention, in the context of computer vision processes, pipeline
refers to the collection of software processes that produce certain image analyses). One
component of this computer vision pipeline identifies tissue specimens, calculates the border
of said specimens, and generates the dimensions of each specimen in 3 dimensions (X, y, z).
The computer vision pipeline may also calculate additional quantitative information on the
tissue specimens such as the color and count. Another component of the computer vision
pipeline within the imaging module identifies various labelling and barcodes associated with
the specimen under assessment, perhaps using Object Character Recognition (OCR). These
data are assessed in a quality control process where all relevant data is reviewed 416; these
processes determine if the text, barcodes, QR codes, and other encoded textual information
are internally consistent and associated with the correct case or other specimen identifier.
This process is further described in connection with Fig. 9. While in this current embodiment
the quality control process 416 is performed only once, it may alternatively be performed
repeatedly throughout the assessment and processing of the specimen. Finally, in process 418
the data generated by the imaging module, including but not limited to the camera images,
the tissue specimens’ dimensions and colors, and patient information are aggregated, and
sent to the on-site data server 402.

[0044] For this embodiment of the invention the onsite data server 402 stores and
processes data from the DVA and the imaging module 420, connecting to said components
using a local computer network. Within the on-site data server, the case and other specimen
data supplied from the imaging module are compared in process 422 to the electronic patient
records 424, an extension of the quality control processes 416. Relevant text that has been
previously identified on containers and paperwork within the field of view of the imaging
hardware (cameras) are assessed to confirm they are internally consistent and associated with
the correct case or other specimen identifier. Assessment of this information is performed via
data exchanged through the on-site data server and the electronic patient records 424. These
and other relevant data are also stored in the on-site data server for access by other software
modules.

[0045] The patient and specimen information stored on the on-site data server 402 are
also sent to the VPB data server 404. Notably, in this embodiment, there may be redundant

data on the on-site data server 402 and the VPB (Vistapath Biosystems’) data server 404.
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This allows for independent operations of various components of this embodiment of the
invention in the case of communication breakdown between the onsite and VPB data servers.
This redundant data is compared in process 428 at various points when said connections are
active, with conflict management operating according to common database system protocols.
For a given case or specimen assessment, processes are terminated 430 when all required
data is stored and properly assessed. The approval and management module modules 406 and
408 respectively are connected directly to the VPB server 404 although in other
embodiments there could be additional data connections directly to the on-site data server
402.

[0046] The approval module 406 receives and aggregates data such as patient
identification, image data, analysis on said data from the computer vision pipeline, among
other relevant data 432. Based on user-entered criteria for the operations of this specimen
assessment process, this module may create a priority for assessment of these specimens by
the user. The development of said priority queue 434 may include such criteria as tissue type,
time of entry into system, and requirements for processing, among other criteria. In addition,
this approval module may aggregate data from the VPB data server to generate a specimen
description 436, called a gross report in this embodiment of the invention, for assessment by
a technician. A gross report consists of a written description of the specimen(s), including a
count of the number of pieces, dimensions for each piece, and description of color and
potentially other features. In other embodiments this descriptive report may be identified
with another term and may include additional or different attributes for the specimen under
assessment. The approval module may also deliver this report and associated data to the user,
for their assessment. In this embodiment the user interface displaying this gross report may
include the text of the generated report, the patient information, and an indication that all
relevant labeling and paperwork are associated with the intended specimen. An example of
such a user interface for this embodiment is shown in connection with Fig. 10. After the user
assesses this information, the user may accept the report, reject the report, or require
amendment of the specimen assessment or report. The technician’s approval or rejection of
this report is recorded in process 438. Details of these processes are described in greater

detail in Fig. 11.
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[0047] The management module 408 aggregates operational and image data 440 from
the VPB data server and performs statistical analysis of said information for assessment of
various aspects of this process and said specimens. In this embodiment this analysis includes,
for example, tracking and statistical analysis 442 of: each process step, individual user’s rate
of operation and error rate, the details of the process performed paired with any categorical
information about the case and/or lab operations. Various presentations of this and other
information are made available to users by various user interfaces. Any user preferences
and/or changes to user generated changes to the management module are recorded for
subsequent use 444. These software operations are described further in connection with Fig.
13 and 14.

[0048] Fig. S is a block diagram showing processes carried out by a technician in
using the system of Fig. 3 in accordance with an embodiment of the present invention. In this
embodiment users perform two separate processes tissue processing 502 and gross report
review 504, shown respectively in the first and second columns of this figure. For tissue
processing 502, the user starts the assessment of the specimen 506 by placing materials
inside and in the staging area of the current embodiment of the invention 508. If specimens
are in closed intake containers, the user will remove the top of said container to allow for
system review 510. The user will then be presented with a display of images of the
specimens under assessment (via a user interface or UI), as well as a report describing the
specimens and verification that all material, including labels and paperwork, are associated
with the correct patient record. The user will assess the acceptability of this information 512.
If the user finds this information unacceptable as presented, then the system will provide
options for the technician to adjust and modify the information and imagery 514. This may
include but is not limited to modification of the lighting and computer vision analysis of the
specimens and modification of the descriptive report, among other possibilities. If the
specimen processing is considered acceptable by the technician 512, then the user will
transfer the specimens from the intake container to the processing cassette 516. This process
is described further connection with Fig. 17. The user then removes the specimen and
associated documents from the DVA 518. Additional processing of the specimens, outside

the scope of this embodiment of the invention 520 then occurs.
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[0049] This embodiment of the invention will also at this point inform a technician
522 that this specimen (case) is available for review and potentially for approval using the
gross report review components 504. The technicians may select one case available for
review from the list (queue) 524; the technicians will then review the images and other data
for said case 526. If the case report and associated information is acceptable to the user
(technician) 530 they will note their approval using the supplied U, and the case will be
moved to a separate queue for downstream processing 532. If the case report and associated
information are not acceptable, then the user, will follow supplied prompts associated with
the tissue processing workflow 502. If a new image of the specimen is required 534, then the
user for this process will be directed through options for modifying and/or correcting the
image capture 536. If a new image is not required, then the user will be directed through
various options for modifying and/or correcting additional information associated with this
specimen 538. Revised specimen processing information will be re-assessed as part of the
tissue processing workflow 512 then resent to the queue for the gross report review process
504,

[0050] Fig. 6 is a block diagram showing the processes carried out by the imaging
module of Fig. 3, in accordance with an embodiment of the present invention. When
prompted by the user, these software processes initialize the imaging module and cause
loading of required software libraries (i.e. system boot) 602. An initialization (.ini) file is
then loaded that provides default setting values for the camera hardware application
programming interface (API) to define settings for the camera hardware as well as default
settings for the computer vision pipeline 604. The cameras next capture images of the
specimens 606, including the labels and barcodes, and pass those images to the computer
vision pipeline 608. The computer vision analysis identifies and generates a description of
individual specimens 610, described in greater detail in connection with Fig 7. The z-axis
calculation processes determine the z-axis dimensions (height) of a specimen via
stereoscopic sensing 612 further described in connection with Fig. 8. The data from this
image analysis is then loaded to the user interface 614 and 616. The user then views the
images and the text showing the analysis performed by the computer vision pipeline,
including but not limited to the dimensions, count, and color of the specimens. The user then

assesses if the images and data are acceptable 618. If the images and related analysis are not
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acceptable, the user adjusts the computer vision settings and/or the inputted materials
(specimens, documents, etc.) 620. The imaging module then modifies system settings to
match these modifications 622, and the system instructs the cameras to capture images for
subsequent analysis. If information supplied in 614 and 616 is acceptable (yes), a quality
assurance process analyzes the text generated from images of materials (for example
documents, processing cassette, intake containers and any labeling affixed to those materials)
to ascertain if all this information is internally consistent (i.e. sample and containers used are
associated with the correct patient and the patients electronic records) 624. If all relevant data
is consistent, it is aggregated and passed to the DVA image and case storage database 626
(this storage system is the same as Fig. 4 process 420). If this data is not internally consistent,
the user must modify the relevant containers, labels, and/or documents 628, then the imaging
module will instruct the cameras to capture new images of the specimens and associated
containers 606. These quality assurance processes are described in greater detail in Fig. 9.

[0051] Fig. 7 is a block diagram showing the processes associated with computer
vision processes for the imaging module of Fig. 3, in accordance with an embodiment of the
present invention. This computer vision analysis identifies and generates a description of
specimens imaged from the device cameras (initially described in Fig 6 process 610). From
the imaging module processes, the device cameras images are sent to these computer vision
processes 702. The two images from the auxiliary cameras may contain text-containing
components such as a requisition, cassette, and various labeling affixed to those materials,
and are sent to an optical character recognition (OCR) engine to extract meaningful text;
processing occurs for both secondary camera A 704 and secondary camera B 706. Using, for
example, OpenCv’s text recognition capabilities, text is identified from the supplied images
and translated into text fields (patient name, date of birth, etc.) processing occurs for both
secondary camera A 708 and secondary camera B 710. In process 712 this data is then
aggregated and then presented to the user for their assessment 714 (initially described in
connection with Fig. 6 process 618).

[0052] In addition to the processing described in this figure, images from the primary
camera, which may contain an image of a vial containing tissue specimens contained therein,
is sent to the CV (computer vision) pipeline 716. Through a series of processes, the CV

pipeline identifies, or segments, the tissue specimens from the background of the image.
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First, in this embodiment of the invention, the Hough transform is used to isolate the intake
container location from the rest of the image 718. The image is then cropped to only show
the intake container 720.This cropped image is processed to identify the subset of the image
where the specimen is located (known as thresholding) 722. In this embodiment, bilevel
thresholding is used but other approaches are possible. The extracted contours can be used to
calculate the x and y dimensions of the tissue specimens, using the pixel to millimeter
conversion appropriate to this embodiment of the invention 724. The color of the specimen is
determined by taking the mean of the RGB values within the extracted contour and
comparing this to a series of manually defined color bins 724. The extracted contours are
then sent for additional processing to determine the z-axis dimension (vertical dimension)
726 (described in more detail in connection with Fig. 8). The data generated from these
processes, including but not limited to the specimen contour locations, dimensions, and
colors, is then aggregated 712 for assessment by the user 714, as initially described in
connection with Fig. 6 process 618.

[0053] Fig. 8 is a block diagram showing the processes associated with the z-axis
analysis for the imaging module of Fig. 3, in accordance with an embodiment of the present
invention. In particular, this figure further explains the processes required to determine the z-
axis dimension of the tissue specimens identified with the segmentation processes via
stereoscopic sensing as described in connection with Fig. 7 process 726. This series of
processes begin when the identified tissue specimen contours and location, within the device
supplied image, are received 802. These contours and locations may also be described as a
Region of Interest (ROI) for an image, as is done here. As noted in connection with Fig. 1,
for this process a DUO-MINILX-LV1 stereoscopic camera is used, which contains two
cameras (“camera 1” and “camera 2”), set at a known distance from each other. This ROI
data, the ith sample ROI, is sent to the first of the two stereo camera for analysis 804. The
location of a feature point representing the likely maximum height point of the specimen, in
this case the center of mass of the ROI of the i-th tissue specimen, is identified from the
perspective of the first camera within the stereo camera setup 806. The same feature point is
then identified from the perspective of the second camera within the stereo camera setup 808
by finding the maximum of the normalized cross correlation of the feature point with the

image from the second camera. Next, similar triangles are used to identify the z-axis distance
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from the stereo camera to the feature point 810. Given a known z-axis distance to the bottom
of the vial from the stereo camera and the assumption that the tissue specimens will settle at
the bottom of the vial, the z-axis dimension of the i-th specimen is calculated 812. If there
are additional specimen contours for analysis 814 then this process is repeated until the z
dimensions for all the identified tissue specimens have been found 816. All relevant data is
then saved 818 and aggregated with the other specimen data 820 including the x-axis and y-
axis dimensions, the color of the tissue specimens, the text parsed by the OCR engine, and
the original images from the cameras, and passed to the quality control process described in
connection with Fig. 9.

[0054] Fig. 9 is a block diagram showing the processes associated with quality
assurance functions for the imaging module of Fig. 3, in accordance with an embodiment of
the present invention. These elements take as input aggregated data accumulated through the
imaging module of images and related data which has been assessed by the user, as initially
described in connection with Fig. 6 process 618. Also, the processes described in this figure
represent further detail on the process of assessing “Correct sample and container used”
initially described in connection with Fig. 6 process 624 (represented here as process 906).
Using these images deemed acceptable by the user, this quality assurance function compares
the text fields parsed from the invention’s cameras’ processed images, including information
such as the patient’s name and date of birth 908. If the text data gathered from these cameras
is not consistent, the system will lock the user interface (UI) to prevent further specimen
processing 910 and prompt the user to take corrective action 912. The user can address the
inconsistency and restart the imaging module from the system boot process in Fig 6.
Notably, all these processes occur within the imaging module 902. If the resultant text is
internally consistent, the aggregated data is passed to the DVA image and case storage within
the on-site data server 904. This data is then compared, based on the same criteria, with case
information stored in the users’ electronic record system 914. The internal consistency of this
data is then assessed again 916. If the relevant text and additional data is internally consistent
then the data is sent to the DVA image and case storage database with this assessment of data
consistency logged 918. If this data is not internally consistent, then the user interface (UI) is
again locked out 910 and the user is prompted to correct the conflict 912. Through all these

processes, the internal consistency of the data under inspection is communicated to the user
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by showing a checkmark symbol on the relevant user interface (UI). While the quality
assurance process described here is done once at the end of the imaging module, in other
embodiments of the invention it could be done multiple times throughout the specimen
processing steps.

[0055] Fig. 10 is a representation of a display providing a user interface (UI) for the
imaging module 304 of Fig. 3 in accordance with an embodiment of the present invention.
This interface allows a user to assess output from the specimen imaging and report
generation, with the intent of assessing accuracy of the specimen assessment process. Final
approval of the specimen processing may be made in a separate step as described in
connection with Fig 11. In this embodiment this separation of user actions allows users of
lower levels of training and certification to process the specimens and assess the success of
said processing, while final approval of the gross report may be performed by a technician
with higher levels of certification, without needing to be co-located with said specimen(s).
The case information 1004 including the patient name, medical record number (MRN), and
date of birth (DOB), is shown for user review. The user identification 1010, in this
embodiment the user’s name and time of use, is shown to confirm the correct user is
associated with the specimen processing. Viewing settings, among other options, may be
modified by the user by pressing the graphical selector indicated by the ‘gear’ icon 1008.

[0056] This user interface displays a number of images with various associated
information. Process 1002 is an image of the specimen(s) for the given case. A description of
the specimen 1006, also called the “gross report” in this embodiment of the invention, is
presented for user review. This text, generated from the computer vision pipeline, should
make an accurate description of the specimen represented in the images 1002; this is one of a
number of criteria by which the user may assess this information and choose to file the report
for approval, or go back to other processes to modify the images or related information (as
initially described in connection with Fig. 6). In this embodiment, if the user wants to display
this descriptive report in a different template and/or format, changes of this type may be
made by selecting various graphical tabs 1014. To show the user that all containers, labels,
and other textual information are associated with the current case, this user interface shows
an image and marks it with an icon of a check mark 1012 to indicate the assessed data is

internally consistent, as described in connection with Fig. 9. In this embodiment the
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processing cassette is assessed for said inclusion; in other embodiments paperwork and other
labelling associated with a given case would be included in this assessment. If the
information as presented is acceptable, the user can indicate this decision by pressing the
“File Report” graphical selector 1016. If this information is unacceptable the user may press
the “Go Back’ graphical selector 1018. The user will then be presented with a series of
options to modify the current report, as described initially in Figs. 6.

[0057] Fig. 11 is a block diagram showing the processes carried out by the approval
module of Fig. 3, in accordance with an embodiment of the present invention. As initially
described in connection with Fig. 4 process 406, the approval module allows for the review,
modification, and potential approval of the specimen assessment. Following is a more
detailed description of the logical flow for the queue generation of this module.

[0058] The user will initiate the approval module processes via a user interface 1104.
The module will then access current priority criteria for the active user 1106. The system
then queries the DVA case and image storage on the VPB Data server (initially described in
connection with Fig. 4) to identify available cases for assessment. Additional priority criteria,
user-entered via the management module and stored in the DV A case and image storage
(initially described in connection with Fig. 4 process 426) will then be accessed 1110. Based
on this data, an appropriate queue will be developed for the user 1112. The development of
said priority queue may include such criteria as specimen type, time of entry into lab system,
and requirements for processing, among other criteria. One of a number of common
queueing algorithms may be applied here to develop said prioritization. This queue is then
presented to the user with a user interface 1114 after which the user may select a case for
review 1116. The selected case will then be sent to additional processes for this approval
module to generate a gross report 1102, as described in connection with Fig. 12.

[0059] Fig. 12 is a block diagram showing additional processes carried out by the
approval module of Fig. 3, in accordance with an embodiment of the present invention. In
particular, this figure describes the generation and viewing of the gross report 1200 and
presentation of said report to the user for assessment and possible approval 1202. Once a
case 1s selected from the case queue (as described in Fig 11 process 1116 (and shown again
here for continuity 1204), the processes to generate a gross report begins. The VPB data

server (originally described in connection with Fig. 4 process 404) is queried to pull image
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and text data for the selected case 1206. The user defined template for the gross report is then
pulled 1210. This template may include the type and location of data for display; the
preferences for this template may be entered by users with appropriate approvals 1208 and
stored in the VPB data server. The approval module will then generate an appropriate Ul
showing said case data 1212 for user review 1218. If the user accepts this case data as
presented, then the VPB data server will be queried for the database row matching this case
1214. Further, the gross report text, as shown to the user, will be entered in this database
location, and the status of the report will be changed to “approved” 1216.

[0060] If the user does not approve the gross report generated by the approval
module 1218 the user will be directed through options to modify or reject said report, as
described in the figure column “Manage User Response” 1202. The user will be prompted to
decide if the gross report could be modified to make the report acceptable 1220. If no
modification is possible that will allow for approval, then the user will enter the criteria for
this failure, and their response will be stored in the VPB data server 1222. Such criteria could
include issues related to image quality or image interpretation performed by the imaging
module, for example. If modification of the gross report may allow for approval of said
report, then the approval module will propose categories for the report’s modification using a
UI 1224. These categories may include the layout of the report, how the dimensions of the
tissues are presented, or other possible modifications. A UI will be presented to the user to
make such modifications to the report 1226. The revisions to said gross report will be sent to
the VPB data server for storage 1230. Then the revisions to the gross report will be generated
1228 and presented to the user for them to determine if the report is acceptable 1218. Based
on the user response, the approval module will again prompt the user through the approval
processes as described above.

[0061] Fig. 13 is a representation of a display providing a user interface (UI) for the
approval module of Fig. 3, in accordance with an embodiment of the present invention. This
interface allows a user to assess the specimen (gross) report and associated data. In this
embodiment of the invention, this Ul is utilized by qualified users to make a final approval of
the image and text report associated with said specimens. The case information such as
patient name, medical record number (MRN), and date of birth (DOB), is shown for user

review 1304. The user identification 1310, in this case the user’s name and time of use, is
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shown to confirm the correct user is associated with the specimen report review. The user
may view and modifying settings, among other options, by pressing the graphical selector
indicated by the ‘gear’ icon 1309.

[0062] The user interface in Fig. 13 displays a number of images with various
associated information. Process 1302 shows an image of the specimen(s) for a given case. A
description of the specimens (the gross report) 1308 is also shown. This information
generated by the imaging module is a text description of the specimens represented in the
image(s) 1302; this is one of a number of criteria by which the user may assess this output
and choose to confirm or flag this information. If the user wants to display this descriptive
report with a different template and/or format, changes of this type may be made by selecting
one of the appropriate tabs 1314. To show the user that all containers labels and other textual
information is associated with the current case, the user interface shows two images and
marks them with an icon of a check mark to indicate inclusion in the correct case as initially
described in connection with Fig. 4. In this embodiment the UI shows the intake container
1306 and the processing cassette 1312 and displays a checkmark icon if the information is
internally consistent. If the information as presented in this Ul is acceptable, the user can
indicate this decision by clicking the “Confirm Gross” graphical selector 1316. If this
information is unacceptable, the user may click the “Flag for review” graphical selector
1318. The user will then be presented with a series of options to describe the problems
associated with the current report, initially described in connection with Fig. 12.

[0063] Fig. 14 is a block diagram showing the processes carried out by the
management module of Fig. 3, in accordance with an embodiment of the present invention.
The management module aggregates operational and image data for review of various
aspects of this process and informs users on relevant information regarding the specimens. In
particular, this figure describes the processes for management module initiation 1400, and
analysis of completion of the case queue 1402.

[0064] The management module is initiated by the user 1404 then the user logs into
the system 1406. The module pulls the permissions and user profile for the given login 1408
and displays an initial UI (user interface as further described Fig 16) with information
displayed in accordance to the user’s permissions 1410. The user selects the category of

information of interest for analysis 1412. The module then queries the VPB data server to
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pull relevant data for analysis 1414. This data is made available for the queue completion
1402 described here, as well as additional analysis 1424 described in connection with Fig.
15. To analyze the percent of the queue that has been completed, this module pulls data for
the total queue and data for which cases have been completed 1416. The percentage of cases
pending for each technician, versus the total queue for said technician is then calculated
1418. The percentage of cases pending for a given group, versus the total queue for said
group, is then calculated 1420. This group may be defined as one process step or a given
laboratory, for example. This module then displays these analyses for the user 1422. In other
embodiments of the invention, representations of this analysis may be printed or otherwise
stored for later review.

[0065] Fig. 15 is a block diagram showing additional processes carried out by the
management module of Fig. 3, in accordance with an embodiment of the present invention.
The management module aggregates operational and image data for assessment of various
aspects of this process and informing users on relevant information regarding the specimens.
In particular, this figure describes additional analysis provided to the user for their
assessment of operational performance. As described in connection with Fig. 14, relevant
data is pulled from the VPB data server for analyses described in connection with Fig. 14 as
well as analyses described here in process 1507. For an analysis of the case turnaround time
(abbreviated here TAT) 1502, this process time is averaged for each user 15008, as well as
for all users 1510. These averages are then displayed for user review 1512. For the user to
assess case volumes for a given timeframe 1504 the data made available from process 1507
is used to calculate a total case volume for a default time frame 1514. This calculated data is
displayed for user review 1516. The user may then select different time/date ranges used to
calculate total case volume 1518. This module will recalculate said totals based on this new
time range 1520 and present said analysis for user review 1522. In other embodiments of the
invention, various graphs and other visualization tools may be generated to support user
review of this and other information.

[0066] Analysis of errors, or other quality concerns, is generated by the processes
described in the QA (quality assurance) Issue column 1506. As noted in connection with Fig.
14, relevant data is pulled from the VPB data server, for analyses described in connection

with Fig. 14 as well as analyses described here, process 1507. For this analysis, error rates
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will be used to calculate total and average errors 1524. These averages and totals may be
filtered by type (of error for example) 1526; this analysis is displayed for user review using a
default timeframe, 1528. The user may then select a different timeframe for analysis 1530
and the module will filter the relevant data 1532. The user may then select a type of report to
summarize desired QA analysis for presentation 1534. This module will then filter and
aggregate relevant data 1536 and display this report for user review 1538. In other
embodiments of the invention, representations of this analysis may be printed or otherwise
stored for later review.

[0067] Fig. 16 is a representation of a display providing a user interface (UI) for the
management module of Fig. 3 in accordance with an embodiment of the present invention.
This user interface allows a user to assess the operations of specimen assessment as initially
described in connection with Fig. 14 and 15. This interface can display various work queues,
case completion (totals and rates), and other metrics as generated by the management
module. The user may select from these information types via the graphical selectors 1604.
In the present case, the figure shows use of the “metrics” selector. In addition, various
settings may be accessed by pressing the “gear” icon 1606. The user identification 1608, in
this embodiment the username and time of use, is shown to confirm a user identity based on
their initial login information which determines the data accessible for review. A variety of
operational and other data processed by the management module described in connection
with Fig. 14 and 15, are shown in this interface. A table 1610 is displayed showing the
percent of specimens completed for a given user’s queue. The averages of specimens
assessed over a 24-hour period per user are shown in an additional table 1612. Specimen
volumes processed in a given time range is also displayed as a bar graph 1614, the date range
and other criteria to filter this data are displayed here for user selection. An additional graph
1616 indicates the percentage or count of errors over a selected time period. This QA
analysis (described in connection with Fig. 15) may be presented for each technician, overall
for the lab, or for a given process steps where the errors occurred. The user may return to
other processes, such as individual specimen assessment or approval, by pressing the start
cases graphical selector 1602.

[0068] Fig. 17 is a representation of a display providing a user interface for a first

step in the transfer of sample pieces from an intake container (shown initially as container
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120 in Fig. 1) to a processing cassette (shown initially as cassette 122 in Fig. 1) in
accordance with an embodiment of the present invention. The process described here is an
expansion of the process for (tissue) sample transfer first described in connection with Fig. 5.
The identifying data for the sample, in this case the patient name 1700 and date of birth
1702, are shown respectively in the top left and right of the display in Fig. 17. A top view
image of the intake container 1704 is shown here; in this step the container has a screw-top
in place. In addition to this top view image of the intake container, an image of any labeling
1710, including barcodes, etc., affixed to the intake container is shown. A top view image of
the processing cassette 1706 is also shown in Fig. 17; this image further includes any
identifying text and/or barcoding 1708. As described in connection with Fig. 9, this
embodiment of the invention compares the identifying data imaged here from the intake
container and the processing cassette and compares this information internally and with the
case and sample information stored in the LIS to assess internal consistency. If the
information items 1708 and 1710 are determined to be consistent with each other and with
data in the LIS, then checkmark symbols 1712 are displayed on this user interface. If one or
more of the identifying sets of information is not consistent, an x-mark symbol will be
displayed, and the user will be prompted to make correction(s) to the set-up prior to
continuing, as described in connection with Fig. 9. When this identifying information is
consistent, the user may continue with additional steps to transfer sample pieces from the

intake container to the processing cassette as described in connection with Fig. 18.

[0069] Fig. 18 is a representation of a display providing a user interface for a second
step in the transfer of sample pieces from an intake container to a processing cassette in
accordance with an embodiment of the present invention. As described in connection with
Fig. 17, when checkmark symbols 1712 are displayed on this user interface, the user may
continue the transfer of sample pieces, specifically by removing the top of the intake
container shown in the image 1704. In Fig. 18, the screw-top has been removed and the
interior of the intake container is visible in the image 1704; the computer vision components
of this embodiment of the invention will then process the top-down image 1704. In this
example, two samples 1802 and 1804 are identified by the computer vision components.

These samples, as identified by this embodiment of the invention, are displayed as thumbnail
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images 1806. In addition, these sample images 1802 and 1804 are analyzed by the computer
vision components as described in connection with Fig. 6 and the resulting dimensions for
each sample piece are also displayed 1806. This display of sample piece images 1806
includes symbols that communicates to the user the locations of a given sample piece. When
the sample piece is located in the intake container, a circle is displayed next to the sample
piece image. If the user does not agree with the identification of sample pieces as displayed,
the user may select the sample piece directly on the user interface. An additional dialog
window will be presented to allow for modification of sample piece identification, as
described in connection with Fig. 6 item 620. If the user agrees with the identification and
locations of the sample pieces as displayed in this user interface, the individual sample pieces

may be transferred to the processing cassette, as described in connection with Fig. 19.

[0070] Fig. 19 is a representation of a display providing a user interface for a third
step in the transfer of sample pieces from an intake container to a processing cassette in
accordance with an embodiment of the present invention. In this third step in the transfer of
sample pieces, the user has physically transferred a sample piece 1802 from the intake
container to the processing cassette. Therefore, the image displaying the intake container
1704 shows only a single sample piece 1804 remaining in the container. The image
displaying the processing cassette 1706 now shows the sample piece 1802 that the user has
transferred from the intake container. In addition, the computer vision components of this
embodiment have identified the presence of this tissue as located in the processing cassette.
Therefore, the display of sample piece images 1806 now includes a square next to a
thumbnail image of this transferred sample piece 1802, to indicate to the user that the piece
has been transferred to the processing cassette. If the user does not agree with the
identification and location of sample pieces as displayed, the user may select the sample
piece directly on the user interface. An additional dialog window will be presented to allow
for modification of sample piece identification, as described in connection with Fig. 6 item
620. If the user agrees with the identification and locations of the sample pieces as displayed
in this user interface, additional sample pieces may be transferred to the processing cassette,

as described in connection with Fig. 20.
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[0071] Fig. 20 is a representation of a display providing a user interface for a fourth
step in the transfer of sample pieces from an intake container to a processing cassette in
accordance with an embodiment of the present invention. In this fourth step in the transfer of
sample pieces, the user has physically transferred a second sample piece 1804 from the
intake container to the processing cassette. Therefore, the image displaying the intake
container 1704 shows no sample pieces visible. The image displaying the processing cassette
1706 now shows both sample pieces 1802 and 1804 as present, since the user has now
completed transfer of both sample pieces from the intake container. In addition, the display
of thumbnail sample piece images 1806 now shows a square next to both sample piece
thumbnail images 1802 and 1804, to indicate to the user that the computer vision
components have identified both sample pieces as present in the processing cassette. At the
completion of this transfer of sample piece, if the computer vision components identify the
same piece count for samples pieces from the initial count of pieces in the intake container
the user will be prompted, via a new dialog box shown with the user interface, to confirm
this process is complete. If the computer vision components do not identify the same piece
count for sample pieces from the initial count of pieces in the intake container, the user will
be prompted, via a new dialog box shown with the user interface, to locate any missing or
modified sample pieces.

[0072] The computer processes carried out in embodiments of the present invention
may be embodied in many different forms, including, but in no way limited to, computer
program logic for use with a processor (e.g., a microprocessor, microcontroller, digital signal
processor, or general purpose computer), programmable logic for use with a programmable
logic device (e.g., a Field Programmable Gate Array (FPGA) or other PLD), discrete
components, integrated circuitry (e.g., an Application Specific Integrated Circuit (ASIC)), or
any other means including any combination thereof.

[0073] Computer program logic implementing all or part of the functionality
previously described herein may be embodied in various forms, including, but in no way
limited to, a source code form, a computer executable form, and various intermediate forms
(e.g., forms generated by an assembler, compiler, networker, or locator.) Source code may
include a series of computer program instructions implemented in any of various

programming languages (e.g., an object code, an assembly language, or a high-level
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language such as Fortran, C, C++, JAVA, or HTML) for use with various operating systems
or operating environments. The source code may define and use various data structures and
communication messages. The source code may be in a computer executable form (e.g., via
an interpreter), or the source code may be converted (e.g., via a translator, assembler, or
compiler) into a computer executable form.

[0074] The computer program may be fixed in any form (e.g., source code form,
computer executable form, or an intermediate form) either permanently or transitorily in a
tangible storage medium, such as a semiconductor memory device (e.g., a RAM, ROM,
PROM, EEPROM, or Flash-Programmable RAM), a magnetic memory device (e.g., a
diskette or fixed disk), an optical memory device (e.g., a CD-ROM), a PC card (e.g.,
PCMCIA card), or other memory device. The computer program may be fixed in any form
in a signal that is transmittable to a computer using any of various communication
technologies, including, but in no way limited to, analog technologies, digital technologies,
optical technologies, wireless technologies, networking technologies, and internetworking
technologies. The computer program may be distributed in any form as a removable storage
medium with accompanying printed or electronic documentation (e.g., shrink wrapped
software or a magnetic tape), preloaded with a computer system (e.g., on system ROM or
fixed disk), or distributed from a server or electronic bulletin board over the communication
system (e.g., the Internet or World Wide Web) .

[0075] Hardware logic (including programmable logic for use with a programmable
logic device) implementing all or part of the functionality previously described herein may
be designed using traditional manual methods, or may be designed, captured, simulated, or
documented electronically using various tools, such as Computer Aided Design (CAD), a
hardware description language (e.g., VHDL or AHDL), or a PLD programming language
(e.g., PALASM, ABEL, or CUPL).

[0076] While the invention has been particularly shown and described with reference
to specific embodiments, it will be understood by those skilled in the art that various changes
in form and detail may be made therein without departing from the spirit and scope of the
invention as defined by the appended clauses. While some of these embodiments have been
described in the claims by process steps, an apparatus comprising a computer with associated

display capable of executing the process steps in the clams below is also included in the
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present invention. Likewise, a computer program product including computer executable
instructions for executing the process steps in the claims below and stored on a computer
readable medium is included within the present invention.

[0077] The embodiments of the invention described above are intended to be merely
exemplary; numerous variations and modifications will be apparent to those skilled in the art.
All such variations and modifications are intended to be within the scope of the present

invention as defined in any appended claims.
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What is claimed is:
1. A device for processing and cataloging of a sample, in a container having a label with
originating identifying data, the device comprising:

a framework defining a work area, wherein the work area includes a location for
receiving the container;

a plurality of cameras mounted in the framework;

a controller system coupled to the cameras, the controller system including a
controller and a non-transitory memory storing instructions, which, when executed by the
controller, cause carrying out of computer processes comprising:

causing a first one of the cameras to capture an image of the sample in the work area;

causing a second one of the cameras to capture an image of the identifying data;

processing the image of the sample to a data output characterizing attributes of the
sample;

integrating the data output into a catalog record output characterizing the sample,
such record also including the identifying data; and

transmitting the catalog record output over a network to a record system for storage.

2. A device according to claim 1, wherein processing the image of the sample includes
forming a composite image that includes the image of the identifying data and the image of

the sample.

3. A device according to claim 1, wherein causing the first one of the cameras to
capture and causing the second of the cameras to capture occur in a manner wherein

capturing by each camera occurs approximately simultaneously.

4. A device according to claim 3, wherein the catalog record output includes the sample
image, the image of the identifying data, and a time stamp indicating a time when the images

of the identifying data and the sample were captured.

5. A device according to claim 1, wherein the sample is to be transferred to a processing
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cassette, the processing cassette having second identifying data thereon, and the work area
has a location for receiving the cassette while the container has also been received in the
work area, and the computer processes executed by the controller further comprise:
causing one of the cameras to capture an image of the second identifying data;
transforming the originating identifying data and the second identifying data into
first and second digitally encoded text respectively; and

comparing the first and second digitally encoded text for consistency.

6. A device according to claim 5, wherein the computer processes further comprise
causing a selected one of the cameras to capture a set of images documenting a transfer of

the sample from the container to the processing cassette.

7. A device according to claim 6, wherein the captured set of images is a video
recording.
8. A device according to claim 5, wherein the computer processes further comprise

analyzing the captured set of images documenting the transfer to identify an apparent

deviation in activity from that associated with a normal transfer.

0. A device according to claim 8, wherein the deviation is one in which a portion of the

sample to be transferred appears to have been modified or lost.

10. A device according to claim 9, wherein the deviation is one in which the portion of

the sample to be transferred has remained in the container.

11. A device according to claim 8, wherein the deviation is one in which the sample
appears to have been transferred to an incorrect processing cassette, based on failure of the
second digitally encoded text to match the first digitally encoded text.

12. A device according to claim 5, wherein the computer processes further comprise

assessing the data output characterizing attributes of the sample for compliance with
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minimum standards for downstream processing, and, in the event of such compliance,

issuing a notice message to the user to submit the sample for downstream processing.

13. A device according to claim 12, wherein the attributes of the sample used for the
assessing include a member selected from the group consisting of size of the sample,
dimensions of each piece of the sample, color of each piece of the sample, contour locations

in each piece of the sample, and combinations thereof.

14. A device according to claim 1, wherein the instructions establish a computer user
interface configured to display to the user a distinct graphical representation of each one of a
plurality of portions of the sample, along with an identification of the portion, at least one

attribute of the portion, and a location of the portion.

15. A device according to claim 14, wherein the computer processes further comprise
determining the at least one attribute of the portion by z-axis analysis of the image of the

sample.

16. A device according to claim 14, wherein the computer user interface graphically
indicates to the user an apparent deviation in activity from that associated with a normal

transfer of the sample.

17. A device according to claim 14, wherein the computer user interface graphically
indicates to the user non-compliance of the attributes of the sample with minimum standards

for downstream processing.

18. A non-transitory storage medium in which is stored a data record associated with a
catalogued sample, the data record including (i) an image of the sample, (ii) an image of
identifying data associated with the sample, wherein the image of the sample and the image
of the identifying data have been captured simultaneously, and (iii) a time stamp indicating

the time when the images have been captured.

19. A storage medium according to claim 18, wherein the data record includes a

composite image that includes the image of the sample and the image of the identifying data.
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20. A storage medium according to claim 18, wherein the image of identifying data is
associated with a container initially storing the sample, and the data record further includes
(iv) an image of the sample transferred to a processing cassette, (v) an image of second
identifying data that is associated with the processing cassette, and (vi) a time stamp
indicating the time when the image of the sample transferred to the processing cassette and

the image of second identifying data were captured.

35



WO 2020/009865 PCT/US2019/039229
1/20

100
12
104
N 106

™ 108

Fig. 1

SUBSTITUTE SHEET (RULE 26)



WO 2020/009865

202

2/20

204

PCT/US2019/039229

..206

" Primary camera

Auxiliary camera

" Auxiliary camera

— 21 O USB“HUb .

F N 208
Power supply
216
i o 212
LED Brightdéss $

Adjust imaging CPU

~214
«.218 §
LED Array's

Fig. 2

SUBSTITUTE SHEET (RULE 26)




WO 2020/009865

PCT/US2019/039229

3120
\\\\\\\\\\\\\\ 314 315
DVA \ Electronic
Medical Records
Video feed Camera control Patient data Report text
..308 316... .
Imaging @ images, On-site Data server @

>

Module specimen data
.............. 310
. User settings /
Operational dat
Management® < perational gata
Module >
User data, user
settings  318..
Legend
VPB software = ~.302
304
Data hub = (@
VPB hardware = ~.306
Fig. 3

(on-site data storage
and exchange)

imaging,
patient Approval
/specimen status, repor
data text

VPB Data Server
(company data storage
and exchange)

‘imaging,

patient &

specimen
data

Approval,
report text

Approval
Module

SUBSTITUTE SHEET (RULE 26)



WO 2020/009865

Ss‘ii}g

402

4/20

404

PCT/US2019/039229

/408

408

IMAGING MODULE

SERVER

ON-SITE DATA

VPR DATA
SERVER

APPROVAL
MODIAE

MANAGEMENT

MODMAE

419

k3

Comral
all
CAMOTas
and
Bobting

4414

Lomputer Yiskon.
analyze samples,
anterpret
documentsfiabels

¥

Revisw all
gensrated data

...........................

3

AR

422

_iCampare
T dwa

\\\\\\\\\

| Compare |
data

QuUBLe

Generate
gross

raport

L,
| 438

UL S,

Record
technician i

bt
1
1

FESPONSE |

data

. Analyze .
L operational
L odata |

.................................

444

| Record |
| Manager i
| inpuats

i

Fig. 4

SUBSTITUTE SHEET (RULE 26)



WO 2020/009865

5/20

L.‘ 508 536
Locate samples - Modify
« and documents «—f sample as
514 infnear DVA indicated
S Follow 510 L %
DVA L
|LPrompts | | open container for Yes

j system review

No ‘

Samples proceqqmg

acceptable? / 1

!

Amend Labe
\( / data as
indicated
ves o 518
¥
Transfer tissué
from intake
container to
cassette | 518 ~520

Remove sample
and documents

Re*imaging\>
N ey
requried?

e
\\/
538

PCT/US2019/039229

&33 / System mmrms\\
\\techmcran of case /;

+ oE2d
Review case

gueue, select
case

' - IS

Review images
and repori(s)

H

S B30

: Regarﬁ and casa
s information
"*-\approved?

Fig. 5

SUBSTITUTE SHEET (RULE 26)




WO 2020/009865

6/20

PCT/US2019/039229

imaging Module Detaiis 604 ._\,_.696 608
602 _ " e
PEEITIIN Set defaul nstruct cameras L.oad images (o
System N | camera »l  APltocapture Ll computer vision
Boot settings images process
F & 610
¥
Computer Vision
analysis {detail in
Fig. 7)
¥ 612
622 I Sample Z-axis
 Modity analysis {detail in
settings Fig. 8}
according to
Lser
specifications 4 614 v 618
4 Load” {.oad case
images o and image
Mﬂ 820 user data to usey
User adjusts interface interface
cameras,
| computer vision |
seltings, or NG
nputied materal
828  {samples/cassetiey L 518
e etc)

User adjusts

No

case sample,
containers,
and/or paperwaork

A

626

— — ————— -

Fass data o DVA

4 storage !

N e e e

| image and case jw— Y85}

acceptable

624

Assess intemnal 7
consistency of image
and specimen data

{detail in Fig. 9)

Yes

ages and dat

Fig. 6

SUBSTITUTE SHEET (RULE 26)



WO 2020/009865

PCT/US2019/039229
720
Imaging Module: Computer Vision Details 708
702 e
?Q%\ 2ndary camera A ' .
o o g e o o o : Textis
; Load Images (o | » image sent to OCR parsed |l
§ computer vision | engine
{ processes {from|
? Fig. 6} f
B s e - 2ndary camera B, Text is
~ image seit to OCR arsed |
7086 angine P _
710
| Primary camera image,
718 " sent (0 CV pipeline
718
N,
Periorm Hough
ransform to get sample |«
comtainer
712
b ¥
720 "
b image
cropped to » Aggregate data
vial ~
¥ Jaz
Threshold
image
I 724 714 X
" 726 VRN
Use identified — 7 -
CONtOUrs to Z-axs 7 Images di;?\ >
AR i i ata accepta
caleulate sample(s) . d;r:;gsz;cg; of \g\ P /eﬁ
dimensions {x and y detem{)‘ine g N
axig) and color ’ ~
Fig. 7

SUBSTITUTE SHEET (RULE 26)



WO 2020/009865 PCT/US2019/039229
8/20

imaging Module: Z-Axis Analysis e ™

83\2 l contours to calculate l

o e e B20
{" Aggregate }}_ ~~~~~~~~~~
\ da
F §
816
: iiefate 5.
8%\8 Repeat
determination
Save all of 7-axis
S ABXS length next
dimensions S&?ﬁg‘(}i@(
FY
MNo
812
Subitract 814 Yes
from known
2 distance 1o
hottom of b’ CONIOUTS 10

vial fo get
z-axis length

of sample 810
i £y

analyze

Use similar triangles to
caloudate z distance

3

e sample(s) |

| dimensions... from Fig |
7 (7286),

804

Ay
hY
Y
Ay

‘Send the i th
sample ROl to
stereg depth
SENSINY Process
where { initially
equals 1

806

identify ROI center

of mass window in

image from camera
1

% k

identify maiching
window in image from
camera 2 with max of

from cameras {o
window

normatized
crosscorrelation

Fig. 8

SUBSTITUTE SHEET (RULE 26)




WO 2020/009865 PCT/US2019/039229
9/20

Quality Assurance Functions {imaging Module and On-site)

Imaging Module (per Fig. 4} Qn-site Data Server (per Fig. 4)
90z | 904
906 PrAERG 93{{ )
NP ™ ~ | Case datais
AN ™. pulled from
<~ tmages and data acceptable > =~ electronic
™ P record
e P system
~ - t
~ -~
~ P

Resultant text is
internally consisten

Kmai text consistent with

electronic record sysiem

9%0\ No No
Yes
Ulfinterface 9%? ‘
lockout | * """” U SN
| Passdatato |
| DVA image and |
812 | case storage |
\'\-\. k b o e e 1
- Lock-out
system,
prompt usery
to correct

Fig. 9

SUBSTITUTE SHEET (RULE 26)




WO 2020/009865 PCT/US2019/039229
10/20

Wiy

%
%,

7

A

X

<'§

N

N

N - N

§oiRecsnead iy N

with the pabionds nane and MRN we Yhee §

- ot . X ~ N

N plaves of tanered thsus measing 10N I |}
3 e . T e I I % RS R

N NS N OX o LR A8y B cmvand T w Ly §
N \\\ Q.48 ger . The spacimen hes been sbenitted | §
? _ T L N 3

N 10 s antiealy sy Qasselle &Y. N

N ~ \
.

X

X

X

N

\
N

N BN §
N

.

X

X

X

X

X

N

R

X

N

N

N

.................................................................................................

ZZ

.

1016 ~ 1018

T

B R

1012

RN

- 1014
Fig. 10

SUBSTITUTE SHEET (RULE 26)



WO 2020/009865 PCT/US2019/039229
11/20

Appoval Module, generate gueue

GENERATE

GENERATE QUEUE | GROSS REPORY

1104 1100 ‘102

¢ 01108

Full User entena A
. s s e See Fig. 12 Tfor
for queue additonal
development b |
OCeSSes

. 1108 1114

\case database! current gusue
; with user
interface

¢« 1110
Pull curreny
Management
oritenia for
quauing

Apply quedeing
algorithm for
case
priovitization

R

-,,”/_////

Fig. 11

SUBSTITUTE SHEET (RULE 26)



WO 2020/009865
12/20

PCT/US2019/039229

Appoval Module, additional functions

&%,&?«3&{:&3 LSER RESFONSE

GENERATE GROSS REPORT
1200 1202
From Generate Queus ias&*t failure oriteria
Mg 11 ftem 1004 19331 o VPR server
§ \\ .
N dalgbase
1204, \
T;xer selects caze i\ o

i2§$\ :
H
‘””Sugry VR Dala Server for a&s\s&}
: data =
1208, 1210, ¥ |
\\\ gr— \\\\ mhg Lasrren {3‘3{33;3;3{&
Module | 3‘0{ Qross reporiing mtﬁ
L siores user | image display
gygmfemeﬁ

‘{\ iemg&iate} 1333

 Gererate gross report|
and prassnt wath W

1214
| Query VPR server |

213\ \

Yos
1224, ;

?r{};}me categon ia%
for modification
1226+ 3
N )

Allow edit for
\@i@(‘f{?ij catagois

No 1228
Gssxszma‘i{\ nwsa@{i
report and |

| for database raw | ’?&;\m\ ““““ L presentwith Ul
matching cwrrent | \*\pgmwﬁ P :
case \ 1330 S
¢ T insent N
| modification
N . — . oriteria o VPR
-~ X ~ 3 2 3
S Insertgross e angd v sewer
¢ change approval status |
Lin VRER server databasse s
\.\ ...................................... a
Fig. 12

SUBSTITUTE SHEET (RULE 26)




WO 2020/009865 PCT/US2019/039229
13/20

1302 1304 1306 308 1309 1310

SN 3

SN S

g :
. ﬁe&i\-‘.&é i Torralin, i aoe gat, lbeled wiih i
LR T3 . :

of tan-ved Pasue
i sggregate. The specenen has beeny
T subimitied By e antesty socassetiz AL

N
AR
Ny
NN
N
AR
N N
D

A

13128 1314 ™\131& 1318
Fig. 13

SUBSTITUTE SHEET (RULE 26)



WO 2020/009865

PCT/US2019/039229

Managment Module: Login and Queue Completion

LOGIN AND INTTIATION

CQUEUE COMPLETION

1404, . \1400

N

N

L User logs |
Hnto system|

2

1408

" Pyl user
L pROTHSSIONS |
| and profile data |

1410 ot
\i?ssgi&y Ut
 template |

(NP SLees
~ User selects |
data for anadysis]

1414,
Qusry VPR server for

1402 1416

Pull case data
D8 APDTOVEr

\\\\\\\\\\\\\ &\\\

1418

| Caloulate percentage |
of pending cases, per
technician

3
3

~1420
| Caleulate percentage |
- of pending cases for |
‘ gQroup *

. 1422

Display g}&f{:@ﬂ%ﬁg}é
: data on U :

1424

. Case data pulled for |

case data, pull for
subssouent analysis

additional analysis per |

Dav e wwaman awaan v

Fig. 14

SUBSTITUTE SHEET (RULE 26)




WO 2020/009865

15/20

PCT/US2019/039229

Managment Module: Additional Operational Analysis

TAT

Vﬂ&&&ﬁ&fﬁ

CRAGSUR

X i?ﬁﬁ?

y Erom Rig i

s

; 1508

{9m 1»3:2, as

% ’iﬁi}&%

. /1814

Cemixt@
_ average :
gomg} eied case |
L TAY peruser |

SA510

 Calculate avevage |
| completed case |
TAT for all usars |

S4818

i}s\;;‘i&y
{:S%‘(‘ﬁi"i%igé *'ifita
on Ll

| case volume for |
L default time span|

Caloiiate mi&

| Display volume |

User selacts date
L orangs for vo iums&

1818

data on il
‘ /1518

N
«v}\« IRRENSS ~\\}\,\\“\ \=

gata

#1520

& data pulled for sddiional analysis pet

vm\

\}
I TR

¢ 1524

Caloulate QA dals miais
and averagss

-1528

| Fiiter DA data

per repart typs |

: 1528
Diplay QA data for
default tme span

| User selets date |
| range for QA data |

1832

Filter volume
gdata by

Fiter volume data by selettions

selections |
¢ sls22

 Diisplay volume |
data on Ui

s

Lﬁ$ ? 3& &eia r@a ;'t
woe for QA data

*,

1536

| Filter volume datal
by selections

1538

by

Display QA data on Ut |

Fig. 15

SUBSTITUTE SHEET (RULE 26)



WO 2020/009865 PCT/US2019/039229

16/20
. 1602 “ “~ 1604 1606~ :: 1608 -

s

MHusm Springheld Hospita

.

Y

325 Yors Groap N

e Ceower | DN
435 Vew Spwg §\§

e O 1] TN | R
g Lovsh Sewink Q\\§ § § § § §\ § §
e @ IR

Fig. 16

SUBSTITUTE SHEET (RULE 26)



WO 2020/009865 PCT/US2019/039229
17/20

1700 - o 1708 L~ 1702

£
ﬁ :‘36;\_. Jadn A / S&g&: FRFXARLA

Wit TR {
i
Fi

PR
SR | Now ol

RS -
1704 - 1706

"

N1712

SUBSTITUTE SHEET (RULE 26)



WO

2020/009865

18/20

1708

PCT/US2019/039229

e

??{}4[

1804 \

fi

I 1708 W 1702

3
o {}a&}&a&m {3233

/

%{?XS:’{W AN

i

1802 4

Cagmud f

Sonepéy Sty fone ™

3

X

P
AN IR RERERER o~
) (W,

i

¥ N B
f}‘ LA N
3 kg £
Nt
WM

-.*M

TNi806

(1706

123¢
Labat

SUBSTITUTE SHEET (RULE 26)



WO 2020/009865 PCT/US2019/039229
19/20
1708 o~ 1708 o~ 1702
kY iy rd
B i’}sﬁ?\v\‘ﬁm 11338} ;*{ 508 1812305
£

Wiat Tagaals Wxcopie Desuids ! R o~
f 3808

7N \2 INFrIwew .
—u
1

o
.

g ?Sf} T AW
\ A

L

1708

ow

1802

Rabet
12 § }
Tee, :305::‘-/

Hifs

SUBSTITUTE SHEET (RULE 26)

V1712



WO 2020/009865 PCT/US2019/039229

20/20
7 2y O
1700 /N 1708 A~ 1702
X i 2
& {ko;\krhn 3% / ms‘?{ W04
z
(e Cyanuite ;*{ Sampse Bavin M’“‘“"\’; 8{}6

&ﬁ “\‘ - %&a} VNI onn E::}

““““““““““““““““““““ ~ TRANT O
{e:’:“ {
P i

Mg

1704 f

1706
V1504
\ 1802
1712

SUBSTITUTE SHEET (RULE 26)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings

