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AUTOMATED REAGENT IDENTIFICATION FOR FLUID HANDLING SYSTEM

{_laim of Priority

{6001 ] This patent application claims the benefit of priority to U.S. Application Senal
No. 62/901,606, filed September 17, 2019, which 18 incorporated by reference herein in 13

entirety.

Technical Field

{G002] The present application relates generally, but not by way of iimitation, to fluid
handling systems, such as those that can be used in various applications to combine reagents
{e.¢., hquid reagents and solvents). More particularly, the present application relates {o
systems and methods for loading fluid handlers and sequencing of protocols to be run by
flurd handlers, such as those loaded with coniainers of iquids tor performing library
constructions {e.g., libranies of cellular DNA or RNA fragments for sequencing) using a

plurality of reagents and solvents.

Background

{(003] To perform hibrary construction on samples using a fluid bandling system, such as
a hiquid handler, the fluid handling system 1s typically set-up by an operator or user. Set-up
can include loading samples, library construction reagents, and various tiems of labware,
such as pipette-fips, plate lids, and liquid containers of various types and configurations,
including reservoirs, microttier plates, test tubes, vials, microfuge tubes, and the ltke. The
reagents for library construction may be supphied as a kit from a vendor. As such, a typical
library construction involves loading of a plurality of kit reagents onto a platform of the tlud
handiing system.

10004 Typical hibrary construction kits can contain anywhere {rom approximately twelve
to eighty-seven reagent containers, with an average of about twenty-eight reagent containers.
The containers can vary in size, shape, and volume. Depending on the segment of the
librasy-construction process being performed, only a subset of the library reagents ts needed

at any given time.
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1 0005] Library construction processes can also call for additional user-provided reagents
that are not packaged with the hibrary construction kits purchased from the vendors. Many
user-provided reagents are sumiiar in size, shape, and labelling vartance to the library
construction kit reagents. However, other user-provided reagents are “bulks”, such as ethanol
and nuciease free water. These “bulks” are generally provided from vendors in large volume
containers and are generally poured out into smaller containers, which the technicians hand-
label using a marker, for daily use.

{0006] The reagents for library construction are typically stored in -80°C, -20°C, 4°C, or
room temperature in temperature~-conirolied locations, with the majority of reagents being -
20°C. Before using reagents, most reagents need o be etther thawed or reach room
teraperature. Frequently the reagents then need to be re~suspended using a vortexer and
centrifuged brietly to pull any liquid off of the underside of the cap. Users want o protect
the reagents when used out of a temperature-controlled environment, and routinely do so
using an ice bucket or cold block. Many {rozen reagents usually do not actually freeze solid.
10007 ] Reagents can be manufactured by multiple vendors. Each manufacturer or vendor
typically uses a labelling system that tncludes various pieces of information. The labelling of
the reagent containers can include information and structure that varies across the vendors.
For example, some vendors provide name, lot information, expiration date, and barcodes on
reagent container labels, while other vendors only label reagent containers with the name.
(3008 Publication No. W 2018/057959 to Stahl et al., entitled “Operation of a Library
Preparation System to Perform a Protocol on a Biological Sample” discioses in the Abstract
that a “library preparation protocol 1s determined based on information from an encoded
identifier associated with the biclogical sample and a resource to be used by the library
preparation”; and Publication No. WO 2016/090113 to Allen, entitled “Systems and Methods
for Facilitating Placement of Labware Components” discloses in the Abstract “a fluid
handling apparatus that comprises a projector configured to provide an image of labware onto

a support.”

Overview

{0009 The present inventors have recognized, among other things, that a problem to be

solved can include the proper loading of reagents onto a fluid handling system. As
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mentioned, {ibrary construction processes can include the use of a plurality of reagents that
are acted upon by a tluid handhng system 1n a particular order in an automated tashion based
on a protocol programmed into the fluid handling system. In order for the automated library
construction process to etfectively operate, the fluid handling system must be provided with
the proper inventory of reagents and, typically, the inventory of reagents must be loaded onto
the fluad handling system in predetermined positions based on the programmed protocol. As
such, errors can arise tn the loading process that result in incorrect reagent vials bewng loaded
onto the fluid handling system and reagent vials being loaded onto incorrect predetermined
positions. Library construction kits can cost anywhere from approximately $32/sample to
$333/sample, with the average cost being approximately $116/sampie 1n the year 2619, As
such, 1t 15 desirable to avoid running erroneous protocols to avoid the expense of having to re-
purchase a library construction kit or portions thereof. Furthermore, in the clinical space, it
can typically be a requirement to keep logs of reagent lots used 1in sample preparations, which
can be a tume-consuming endeavor.

10010 As such, problems to be solved in loading materials, such as reagents, onto fluid
handling systems can include: 1) knowing what reagents to load; 2} knowing what volumes
of each reagent are needed; 3) knowing where to load reagents; 4) knowing when to load
reagenis; and 3) mimimizing the amount of time the reagent source stock is exposed 1n the
laboratory.

001 The present subject matter can provide a solution to these and other problems,
such as by providing systems and methods for identifying and verifving reagents loaded onto
a fluid handling system. The present subject matter can include imaging devices that
generate tmages of reagent vials already 1oaded onto a tluid handling system that has been
programmed with a protocol. Information obtained from the images can be deciphered by
being looked-up in a database of information including manufacturer or vendor reagent vial
labehing intormation. The information obtained from the 1mage of the reagent vial can then
be compared to information nput in {o the programmed protocoi. The fluid handling system
can then vernfy that the correct reagent vials are loaded onto the fluid handling system. The
flurd handling system can be further configured to determune if reagent vials are located in
the proper posittions within the fiuid handling system and determine if liquid reagent vials are

filled to proper levels. If the fluid handling system determunes that an error has occurred, the
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fluid handling system can be configured to 1ssue an alert or alarm and {o not proceed in
executing the protocol until corrective measures by an operator have been performed. In an
example, the tlutd handling system can adapt to liquid reagent vials being loaded into
improper positions by adapting the programmed protocol. In other examples, the fluid
handiing system of the present disclosure can operate with the programmed protocol having
to be programmed with specific liquid reagent vial locations.

{001 2] The solutions of the present disclosure can umprove fiutd handling system
etficiency and performance by: 1) eliminating operator errors when loading components onto
flhurd handling systems; 2} protecting expenstve reagents; 3} minumizing technician fime when
loading fluid handling systems; 4) munimizing technician time in tracking reagent lots used
on samples; 3) increasing flexibility by being adaptable to new and ditferent kits; 6)
determining if reagent vials are present within the fiuid handling system; 7} detecting if ¢caps
have been removed from reagent vials loaded into the tluid handhing system; and reducing
reagent exposure titme by allowing aliguoted reagents to be returned to storage, e.¢ .,

refrigeration, early atter being identified and aliquoted.

summary_of the Invention

{0013 In an example, a fluid handling system for preparing a sample according to a
programmed protocol can comprise a deck having source locations and destination locations,
a tube holder located on the deck and configured to receive a reagent vessel having a label
with visual indicators of identitying features, an imaging device configured to create an
image of the label on the reagent vessel in the tube holder, a pipettor configured to aspirate
liquid from source locations on the deck of the thuid handling system and to dispense the
aspirated liquids to destination locations on the deck, a non-transitory computer-readable
storage medium including the programmed protocol, the programmed protocol specifyving
spurce locations and destination iocations for different reagents on the deck, and a processor
configured to prepare the sample by: recognizing the visual indicators i the image of the
label and to identity a reagent in the reagent vessel based on the recognized visual indicators,
determining the destination location specified for the identified reagent in the programmed
protocod, directing the pipettor to aspirate a volume of hquid from the reagent vessel tn the

tube holder, and directing the pipettor to dispense the aspirated volume at the determined
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destination location for the identified reagent. In some examples, the imaging device can be
configured to produce composite images. In some examples, the imaging device can be
configured to produce the composite images via slit-scan imaging. In some examples, the
imaging device can be configured to produce an unrolled image. In some examples, the tube
holder may comprise a carousel configured to hold a plurality of reagent vessels, wherein the
carousel is rotatable along a center axis of the carousel. In some examples, the tube holder
may comprise a tray configured to hold a plurality of reagent vessels, wherein the tray is
configured to linearly slide along an axis. In some examples, the tube holder can include a
turntable to rotate the reagent vessel along a central axis of the reagent vessel such that the
imaging device can view an entire perimeter of the reagent vessel. In some examples, a
reagent on the tube holder can be aliquoted regardless of a position on the carousel into which
the reagent is loaded. In some examples, the imaging device may have a field of view
configured to simultaneously image each of the plurality of reagent vessels. In some
examples, the imaging device may be one of a plurality of imaging devices. The plurality of
imaging devices can be positioned such that all portions of the label are in view of at least
one of the plurality of imaging devices. In some examples, the fluid handling system may be
configured to determine a level of liquid within the reagent vessel, and the processor may be
configured to confirm sufficient volume of liquid has been loaded into the reagent vessel
according to the protocol. In some examples, the non-transitory computer-readable storage
medium may include visual indicators for reagent vessels from different manufacturers. The
visual indicators on the label may include lot information for the reagent vessel, the lot
information including a lot number and an expiration date. The processor may be configured
to provide a warning of an expired reagent.

[0013a] In one aspect, the present disclosure refers to a fluid handling system for
processing a sample using a reagent kit including a plurality of reagent vessels, each of the
plurality of reagent vessels containing a corresponding liquid reagent, the fluid handling
system comprising: a non-transitory, computer-readable storage medium including a
programmed protocol for processing the sample, the programmed protocol including a listing
of reagents for processing the sample, a vessel holder configured to receive the plurality of
reagent vessels at a corresponding plurality of locations, each reagent vessel having visual
indicators of identifying features located on an identification label; an imaging device
configured to create an image of each of the plurality of reagent vessels loaded into the vessel

holder; and a processor configured to: recognize the visual indicators in each image and to
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identify the reagent in each of the plurality of reagent vessels based on the recognized visual
indicators; determine if appropriate reagents have been loaded into the vessel holder as
specified in the listing of reagents; and adapt the programmed protocol to access a proper
reagent vessel when needed regardless of a location of the proper reagent vessel in the vessel
holder.

[0013b]  In another aspect, the present disclosure refers to a fluid handling system for
preparing a sample according to a programmed protocol, the fluid handling system
comprising, a deck having source locations and destination locations, a tube holder located on
the deck and configured to receive a reagent vessel having a label with visual indicators of
identifying features, an imaging device configured to create an image of the label on the
reagent vessel in the tube holder, a pipettor configured to aspirate liquid from source
locations on the deck of the fluid handling system and to dispense the aspirated liquids to
destination locations on the deck, a non-transitory computer-readable storage medium
including the programmed protocol, the programmed protocol specifying source locations
and destination locations for different reagents on the deck, and a processor configured to
prepare the sample by, recognizing the visual indicators in the image of the label and to
identify a reagent in the reagent vessel based on the recognized visual indicators, determining
the destination location specified for the identified reagent in the programmed protocol,
adapting the programmed protocol to access a proper reagent vessel when needed regardless
of a location of the proper reagent vessel in the tube holder, directing the pipettor to aspirate a
volume of liquid from the proper reagent vessel regardless of the location in the tube holder,
and directing the pipettor to dispense the aspirated volume at the determined destination
location for the identified reagent.

[0014] In an additional example, a fluid handling system for processing a sample using a
reagent kit including a plurality of reagent vessels can comprise a non-transitory, computer-
readable storage medium including a programmed protocol including a listing of reagent
vials, wherein the programmed protocol specifies an expected location for each the plurality
of reagent vessels for loading onto a carousel, a reagent carousel configured to receive the
plurality of reagent vessels at a corresponding plurality of locations, each reagent vessel
having visual indicators of identifying features located on an identification label, an imaging

device configured to create an image of each of the plurality of reagent vessels loaded onto
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the reagent carousel; and a processor configured to: recognize the visual indicators in each
image and to identify the reagent in each of the plurality of reagent vessels based on the
recognized visual indicators, and determine if a loaded location for each identified reagent
corresponds to an expected location for that reagent as specified in the programmed protocol.
In some examples, the imaging device can be configured to produce composite images via
slit-scan imaging. In some examples, the reagent carousel can be rotatable along a center axis
of the reagent carousel. In some examples, the imaging device may have a field of view
configured to simultaneously image the plurality of reagent vessels in the reagent carousel. In
some examples, the non-transitory, computer-readable storage medium may include a
database including visual indicators for reagent vessels from different manufacturers,
including a lot number and an expiration date. The processor may be configured to compare
visual indicators in the database to decipher the visual indicators in the images. The processor
may be configured to compare the deciphered visual indicators in the images to information
in the programmed protocol. In some examples, the fluid handling system can be configured
to determine a level of liquid within a reagent vessel, and the processor can be configured to
confirm sufficient volume of liquid has been loaded into the reagent vessel according to the
programmed protocol.

[0015] In another aspect, the present disclosure refers to a method of identifying reagents
loaded into a fluid handling system can comprise programming a protocol for preparing a
sample into a controller of the fluid handling system, loading multiple reagent vessels into a
vessel holder of the fluid handling system, imaging individual labels of the multiple reagent
vessels with an imaging device to produce label images, comparing information in the label
images to identification information located in a database in communication with the
controller, determining if appropriate reagents have been loaded into the carousel to perform
the protocol, and adapting the programmed protocol to access a proper reagent vessel when
needed regardless of a location of the proper reagent vessel in the vessel holder. In some
examples, the multiple reagent vessels can be loaded into the vessel holder according to
positional information in the protocol. In some examples, determining if appropriate reagents
have been loaded into the vessel holder to perform the protocol can comprise determining if
appropriate reagents are loaded into the vessel holder at locations according to the protocol.
In some examples, the protocol can be performed based on a sequence of steps outlined in the

protocol. In some examples, the



multiple reagent vessels can be loaded into the vessel holder in arbitrary positions. In some
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embodiments, determining if appropriate reagents have been loaded into the vessel holder to
perform the protocol can comprise determining if sutficient reagents are loaded into the
vessel holder to perform the protocol. In some embodiments, the protocol can be performed
based on a sequence of steps determined based on locations of the reagents 1n the vessel
holder. In some embodiments, imaging individual labels of the multiple reagent vessels with
the imaging device to produce label images can comprise imaging the individual labels with a
slit-scan process to generate a panoramic umage. Imaging individual labels of the multiple
reagent vessels with the imaging device to produce label images can further comprise rotating
incividual reagent vessels 1o obtain the panoramic umages. The method may further comprise
calibrating a rotational speed of individual reagent vessels using a geometric calibration label.
In some embodiments, comparing mformation in the label images to identification
information iocated in the database in communication with the controller can comprise
comparing visual indicator information to manutacturer information stored in the database. In
some emboduments, the method may further comprise determining a destination location
specified for reagents in the protocol, directing a pipettor to aspirate a volume of liquid from
a reagent vessel in the vessel holder, and directing the pipettor to dispense the aspirated
volume at the determined destination location for the identified reagent. In some
embodiments, the method may turther comprise determining from images of the vessel
holder if sufficient volume of liquid has been loaded into the reagent vessels to perform the
protocod, and providing an alarm f insufticient higuid remains o a reagent vessel. In some
embodiments, the method may further comprise determining from images of the vessel
holder if caps have been removed from the reagent vessels, and providing an alarm it a cap
has not been removed from a reagent vessel. In some embodiments, the method can further
comprise determining image quality for images of the vessel holder, and providing an alarm
it tmages of the vessel are insufficiently clear to determine information from images of labels
in the images of the vessel holder. In some embodiments, the method may further comprise a

user overriding alarms generated by the system atter manual or visual confirmation.

Brel Description of the Drawings

{301 6] FIGL 1 s a block diagram of a Hluid handling system according to an exampie of

the present disclosure.
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{6017 FI(G. 2 1s perspective view of an exemplary fluid handhing system of FIG. 2
comprising a housing, a carousel and an 1maging device,

{Hi ] FI(G 3 1s plan view of a deck for loading into the housing of Fi(. 2 with spaces
for various components including the carousel.

{HU FI(G. 4A 1s a perspective view of a first exampie of a carousel having a plurality of
receptaclies for receiving components such as liquid vials,

{(3020] FIG 4B 15 a perspective view of an underside of the carousel of FIG. 4A showing
a carousel drive systen.

10021 FIG. 4C 15 a side view of a pulley assembly of the carousel drive system of FI(
4B

{3022] FIG. 4D 15 a side cross-sectional view of a pedestal drive system for the carousel
of FIG. 4A.

{0023] FIG. 518 a perspective view of a second example of a carousel having different
sized receptacies.

10024 FIG. 6 15 g schematic view of a screen shot of a control panel for the fluid
handiing system of FIGS. 1 and 2.

{0025] FIG. 7 15 a close-up perspective view of one of the receptacles of the carousel of

FI1G. 4A having a hquid vial positioned therein and positioned relative to a transport device

and an imaging device.

{3026] FI(G. B 1s a perspective view of a plurality of liquid vials having different types of
indicia loaded 1nto positions of a carousel.

{00271 FIGS. 9A = 9C are views of different portions of a rectangular label wrapped
around a cylindncal liquid vial.

{30238] FIG. 10 15 a line diagram dlustrating methods for wdentitying reagents loaded onto
a fhuid handiing system.

{6029] FIG. 1115 a line diagram 1Hustrating methods for operating a fluid handling

3y Stem.

{0030] FIG. 12 1s diagram illustrating an example registration label

{031 ] FIGL 13 A 15 a diagram tlustrating the registration label of FIG. 12 {aken at a

pedestal rotation speed siower than a camera sample speed.
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10032 FIG. 13B 1s a diagram llustrating the registration label of FIG. 12 taken at a

pedestal rotation speed commensurate with a camera sample speed.

Detatled Description

10033 FIG. 11s a high-level block diagram of processing system 100 according to an
embodiment of the disclosure. Processing system 100 can comprise control computer 108
operatively coupled to structure 140, transport device 141, processing apparatus 101 and
imaging device 107, Input/output interfaces may be present in each of these devices to allow
for data transmission between the tllustrated devices and external devices. Processing system
100 can comprise a fluid handling system as described herein. Fluids can include various
liquids such as reagents and the like. An exemplary processing system in which the present
disclosure can be implemented 1s the Biomek 17 Automated Workstation marketed by the
Beckman Coulter, Inc. of Brea, Calitorma.

{0034 For explanatory purposes, processing system 100 will mainly be described as a
system for processing and analyzing biclogical sampies, such as the preparation of libraries
of nucleic acid fragments (e.g., libranes of fragments dertved from cellular DNA or RNA
molecules) including next-generation sequencing (NGN) librartes. For example,
embodiments of the present disclosure can include imaging a carousel or tray, or some other
reagent vessel holder, loaded onto a deck in order to identify vials loaded into the carousel o
assess the content of labels applied to the vials, among other things. However, in additional
examples, processing system 100 can be configured perform functions other than processing
and analyzing biological samples, such as other processes that can involve idenfitying a
plurality of components loaded onto a machine that performs work with or on the
COmMmponents.

{0035] Structure 140 can include a housing (e.g., housing 202 of FIG. 2), legs or casters
to support the housing, a power source, deck 105 loadable within the housing, and any other
suitable feature. Deck 105 can include a physical surface {e.g., plattorm 212 of FIG. 2) such
as a planar physical surface upon which components can be placed and accessed for
experiments, analyses, and processes. In some mstances, deck 105 can be a floor or a
tabletop surface. Deck 105 can be subdivided into a plurality of discrete deck locations (e g..

locations L1 — L28 of FI{. 3} for placing different components. The iocations can be directly
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adjacent or can be spaced apart from each other. Each deck location can include dividers,
inserts, and/or any other support structure for separating the different deck locations and
containing components. For exemplary purposes, FI(. | shows first location 1054, second
location 1058, and third location 105C on deck 105, though additional locations can be
included. One or more of locations 105A -105C can be icaded with a carousel {(e.g., carousel
204 of FIG. 4A) that can include spaces for holding one or more components, such as vials of
bguid, Structure 140 can addittonally mclude a motor (e.g., motor 2488 of FIG. 4B or motor
308 of FIG. 7) or another device for rotating the carousel relative to deck 105 to facilitate,
among other things, inferaction with imaging device 107, Furthermore, motor of structure
140, or an additional motor of structure 140, can be used to rotate individual vials loaded onto
deck 105, a tray loaded on deck 105 or a carousel located on deck 105

{3036] Transport device 141 {e.g., carriage 304 of FI(G. 7), which can represent multiple
transport devices, can prepare and/or transport components between deck 105 and processing
apparatus 101, as well as between ditterent locations on deck 105, Examples of transport
devices may include conveyors, cranes, sample tracks, pick and place grnippers, laboratory
transport elements that can move mdependently {e g, pucks, hubs or pedestals), robotic arms,
and other tube or component conveying mechanisms. In some embodiments, transport device
141 includes a pipetting head configured to transter hiquids. Such a pipetting head may
transter liquids within removable pipette tips and may include grippers suitable for grasping
or releasing other labware, such as microwell plates.

(0037 Processing apparatus 101 can include any number of machines or instruments for
executing any suitable process. For example, processing apparatus 101 can include an
analyzer, which may inciude any suitable instrument that 1s capable of analyzing a sample
such as a biological sample. Examples of analyzers include spectrophotometers,
luminometers, mass spectrometers, immunoanalyzers, hematology analyzers, microbiciogy
analyzers, and/or molecular biology analyzers. In some embodiments, processing apparatus
101 can include a sample staging apparatus. A sampie staging apparatus can include a
sampie presentment unit for receiving sample tubes with biological samples, a sample storage
unit for temporarily storing sample tubes or sampie retention vessels, a means or device for

aliquotting a sample, such as an aliguottor, a means for holding at least one reagent pack

comprising the reagents needed for an analvzer, and any other suitable features.
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{00381 {ne or more smagig devices 107 can be positioned relative to deck 105 to ensure
that all portions of any single reagent vial label loaded mnto system 100 1s m view of at least one
camera. Thus, tor a reagent vial label that 1s wrapped around the circumterence ot a reagent vial,
one or more tmaging devices 107, with or without the use of nurrors or turntables, can have
complete three-hundred-sixty-degree view of each reagent vial. Imaging device 107 can be any
suitable device for capturing an 1mage of deck 105 and any components on deck 105 or the
entirety of structure 140. For example, imaging device 107 can be any suttable type of camera,
such as a photo camera, a video camera, a three-dimensional image camera, an mnfirared camera,
etc. Some embodiments can also mclude three-dimensional Iaser scanners, intrared hight depth-
sensing technology, or other tools for creating a three-dimensional surface map of objects and/or
aroom. In exampies, imaging device 107 can utthize slit-scan technology to produce panoramig
images, as 1s known n the art. As such, imaging device 107 can include appropriate slides or
covers having one or more slifs to constram the viewing area of imaging device 107,
Furthermore, virtual slits can be used m combination with digital photography. In any
configuration, sht-scan imaging can involve taking images, with a stationary camera, of
mdividually rotated reagent vials through a shit or virtual slit to obtain columns of pixels that are
less than an entire width of an 1mage. The pixels that are 1n tfocus or in view of the camera as the
objects in the field of view of the camera are rotated, such as through the siit, are used 1o generate
the columns. Unfocused or non-mn-view portions of the objects i the images c¢an be trimmed
trom the columns of pixels. The objects can be rotated at a steady rotational speed,
commensurate with a sample speed of the camera, such that multiple 1images can be produced, as
is discussed in greater detail below. Multiple columns of pixels from different images for
different positions of the objects can then be pieced together to form an unrolled image that s a
compiltation of a plurahity of narrower ymages. In this way, the camera can “peel” off the label of
a reagent vial to prepare the label for recognition of visual indicators, e.g., text or symbols, by the
thud handling system.

{0391 fmagimg device 107 can comprise one of a plurahity of smaging devices mounted to or
nearby structure 140, In additional examples, multiple imaging devices 107 can be mounted o
obtain multiple views of reagent vials disposed on deck 105. The multiple imaging devices can
be spaced apart to obtain complete views of labels mounted to the reagent vials. Imagimg devices
107 can be mounted proximate structure 140 to have overlapping fields of view about three-
hundred-sixty degrees of a location on deck 105, For example, four imaging devices 107 with
one-hundred-ten-degree tfields of view can be evenly spaced to generate four images that overlap

i
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on each end with images from adjacent imaging device 107, As such, the mnages can be
assembled, or “quuited”, together to form a composite timage. Furthermore, in additional
examples, mirrors can be positioned in or nearby structure 140 to facilitate one or more imaging
devices 107 obtaining complete field of view of a single label.

{3040 Control computer 108 can control the processes run on processing system 100,
inttially contigure the processes, and check whether a component setup has been correctly
prepared for a process. Control computer 108 can control and/or transmit messages {0 processing
apparatus 101, transport device 141, and/or imaging device 107. Control computer 108 can
comprise data processor 108 A, non-transitory computer readable medium 108B and data storage
108 coupled fo data processor 108A, one or more input devices 108D and one or more output
devices 108E. Although control computer 108 1s depicted as a single entity in FIG. 1, 1t 1s
understood that control computer 108 may be present 1n a distributed system or 1n a cloud-based
environment. Addittonally, embodiments allow some or all of control computer 108, processing
apparatus 101, transport device 141, and/or imaging device 107 to be combined as constituent
parts in a single device.

{0041 ] Cutput device 108E can comprise any suitable devices that can output data.
Examples of output device 108E can mnclude display screens, video monitors, speakers, audio and
visual alarms and data transmission devices. Input device 108D can include any suitable
device capable of inputting data nto control computer 108, Exampies of input devices can
include buttons, a keyvboard, a mouse, touchscreens, touch pads, microphones, video cameras
and sensors {e.g., hight sensor, position sensors, speed sensor, proximity Sensors).

{0042] Drata processor 108A can include any suitable data computation device or
combination of such devices. An exemplary data processor may Comprise one or more
microprocessors working together to accomplish a desired function. Data processor 108A
can include a CPU that comprises at least one high-speed data processor adequate to execute
program components for executing user and/or system-generated requests. The CPU may be
a microprocessor such as AMDY's Athlon, Duron and/or Opteron; IBM and/or Motorola’s
PowerP(; IBM's and Sony’s Cell processor; Intel's Celeron, ftanium, Pentium, Xeon, and/or
XScale; and/or the like processor(s).

10043] Computer readable medium 108B and data storage 108C can be any suitable

device or devices that can store electronic data. Examples of memories may comprise one or
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more memory chips, disk drives, etc. Such memories may operate using any suitable
electrical, optical, and/or magnetic mode of operation.

{3044 Computer readable medium 108B can comprise code, executable by data
processor 108A to perform any suitable method., For example, compuier readable medium
tO8B can comprise code, executable by processor 108 A, to cause processing system 100 to
perform an automated reagent-identification method including imaging individual labels of
multiple reagent vessels (e.g., vials) loaded onto a carousel with imaging device 107 to
produce label images, comparing information in the label images to identification information
located in a database in computer readable medium 1088, determuning if appropriate reagents
have been {oaded into the carousel to perform a protocol 108F programmed into control
computer 108 by an operator, and outputting an alert or alarm to the operator indicating any
differences between the information {from the label images and the programmed protocol.
such differences can cause disruption or failure of 4 process to run on processing system 100
or can result in mvalid or inaccurate information being generated by processing system 100,
10045] Computer readable medium 108B can comprise code, executable by data
processor 1O8A, to recetve and store process steps for one or more protocols (e.g., a protocol
for processing a biological sample or a protocol for a library construction process), as well as
to conirol imaging device 107, structure 140, transport device 141, and/or processing
apparatus 101 to execute the process steps tor the one or more protocols. Computer readable
medium 1088 can also include code, executable by data processor 108 A, for receiving resulis
from processing apparatus 101 (e.g., results from analyzing a biological sample) and for
torwarding the results or using the results for additional analysis {(e.g., diagnosing a patient).
Additionally, computer readable medium 108B can comprise code, executable by data
processor 108A, for obtaining an image of deck 103, identifying information in the images of
deck 105, deciphering information in the images using information stored in data storage
108C or computer readable medium 1088 comparing the deciphered information to
information contained 1n protocol 108F, and displaying differences to a user at output device
{O8E.

{304 6] Drata storage component 108C can be inlernal or external to control computer 108,
Data storage component 108C can include one or more memories including one or more

memory chips, disk drives, etc. Data storage component 108C can also mclude a
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conventional, fault tolerant, relational, scalable, secure database such as those commercially
avatlable from Oracle™ or Sybase™ . In some embodiments, data storage 108C can store
protocois 108F and images 108(. Data storage component 108C can additionally include
instructions for data processor 108A, including protocols. Computer readable medium 108R
and data storage component 108C can comprise any suttable storage device, such as non-
volatile memory, magnetic memory, flash memory, volatile memory, programmable read-
only memory and the like.

{0047 Protocols 108F in data storage component 108C can include information about
one or more protocols. A protocot can include imformation about one or more processing
steps to complete, components used during the process, a component location iayout, and/or
any other suitable information tor completing a process. For example, a protocol can include
one or more ordered steps tor processing a biological sample or processing a PDNA library. A
protocol can also include steps for preparing a list of components betore starting the process.
The components can be mapped to specific locations on deck 105 or in the carousel {e.g,
carousel 204 of FIG. 4A) where transport device 141 can obtain the components 1n order to
transport them to processing apparatus 101, This mapping can be encoded as instructions for
operating transport device 141, such as instructions directing a pipettor to aspirate a volume
of liguid from a reagent vessel in the carousel and to dispense the volume at a predetermined
destination, and the mapping can also be represented by a virtual image shown to a user such
that the user can place the components on deck 105 and the carousel. Embodiments allow
processing system 100 to be used for multiple processes {e.¢., multiple different sample
processes or preparation procedures). Accordingly, information about multiple protocols
tO8F can be stored and retrieved when needed. Components on deck 103 and the carousel
can be rearranged, changed, and/or replenished as necessary when changing from a first
process to a second process, or when re-starting a first process.

{G048] An 1mage can include a depiction of one or more cbjects. As examples, images
can include digital pictures or photographs, videos, three-dimensional pictures and videos,
color photos, black and white photos, high dyvnamic range images {e.g., combining multiple
images taken of the same subject with ditterent exposures), etc. In examples, umages 1080

can additionally comprise slit-scan images where a moveabie or a virtual slide through which
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a slit 15 formed is positioned between 1maging device 107 and deck 105, Images 108G can
comprise quiited or unrolled 1mages.

{30491 fmages 108(sy i data storage 108C can inciude a real-world visual representation
of deck 105 and the carousel, as well as of components disposed on or 1in deck 105 and the
carousel and labels disposed on those components. In each image, deck 105 and the carousel
can be shown in a ready state for beginnming a certain process, with components for executing
a protocol placed 1n locations accessible to transport device 141, Each of images 108G can
be associated with a specific protocol from the stored protocols 108F. In some embodiments,
there can be a single image for certain protocol. In other embodiments, there can be multipie
images {e.g., from difterent angles, with ditterent lighting ievels, or containing acceptable
labware substitutions 1o some locations) for a certain protocol. Images 108G can be stored as
various types or formats of image files including JPEG, TIFF, GIF, BMP, PNG, and/or RAW
image files, as well as AV, WMV, MOV, MP4, and/or FL V video files

{0050 Deck 105 can be subdivided mnto a plurality of discrete deck locations for staging
different components. The discrete locations may be of any suitable size. An example of
deck 105 with a plurality of locations 1s shown 1a FI(G. 3. Deck 220 10 FIG. 3 shows separaie
arcas numbered L1 through L28, as well as thermal cycler 224, which can operate as a
separate tocation tor separate types of components or packages of components. Deck 103
can have additional locations or fewer locations as destred. While these locations can be
numbered or named, they may or may not be physically labeled or marked on deck 103 1n
physical embodiments of the system.

{3051 ] As discussed herein, images, such as images 103G, can be used to vendy it the
proper components are loaded into deck 105 and the carousel for completing protocol 108F
programmed into processing systemn 100 by an operator, and 1t those components are located
in correct positions for executing the programmed protocol, if required by the protocol.
{G052] FIG. 2 1s perspective view of fluid handling system 200 that can comprise an
example of processing system 100 of FIG. 2. Fluid handling system 200 can comprise
housing 202, carousel 204 and imaging device 206, Housing 202 can comprise a plurality of
walls or panels that form an enclosure 1nto which carousel 204 can be postiioned. The
enciosure can have opening 208 over which cover panel 210 can be positioned to encapsulate

carousel 204 within the enclosure. Housing 202 can additionally include platform 212 on

r
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which a deck, such as deck 105 (FIG. 1) or deck 220 (FIG. 3) can be positioned. The deck
can include a slot or socket tor receiving carousel 204, In examples, the slot or socket can be
configured to hold carousel 204 in a predetermined or know position relative to imaging
device 206, Plattorm 212 can hold the deck 1n a predetermined or known position relative o
imaging device 206. Housing 202 can additionally comprise space tor holding controller
214, such as those of control computer 108 (FIG. 1), Controller 214 can be configured to
communicate with network 216, such as via a wireless or wired communication link.

{G053] Imaging device 206, which may comprise timaging device 107 of FIG. 1, can be
focated within housing 202 in a stationary location. Imaging device 206 can be configured to
point at a single location of carcusel 204, Simultaneously, a pipettor of transport device 141
or processing apparatus 101 (FIG. 1) can be located within housing 202 to access a location
of carousel 204, Carousel 204 can spin or rotate to present different locations to the pipettor
and imaging device 206. In other examples, imaging device 206 can be mounted within
housing 202 to move a viewing area over different portions of the interior of housing 202.
10054 Controller 214 can be configured to execute a protocol for components loaded into
carousel 204 and loaded onto the deck within housing 202. In order for controller 214 to
perform one or more sequences of steps on a set of vials loaded into carousel 204 per the
protocol, controller 214 should know the location of each vial within carousel 204, e.g., the
contents of each vial at each location within carousel 204. As discussed herein, controller
214 can be contigured to operate 1maging device 206 to obtain images of carousel 204 and
components loaded into carousel 204. In particular, carousel 204 can be loaded with vials of
material, wherein each vial can have a label that provides wdentitying information as to the
contents of each vial, a set of vials to which each vial belongs, a manufacturer of the set of
vials, one or more protocols for processing system 200 to execute with the set of vials, etc.
fmages of the vial labels can be read by controller 214 {o recognize information presented in
the labels. The information read from the labels can be compared to information, such as
information obtained from network 2106, stored 1n a computer readable medium, such as
medium 1088 of FIG. 1. The intformation stored in the computer readable medium can
include a protocol for the set of vials that includes one or more sequences of steps {or
interacting with the set of vials, such as an order for which transport device 141 can interact

with each vial. Thus, controllier 214 can compare the protocol to the actual contents loaded
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into housing 202 as identified from the information read trom the labels, before the protocol
is executed and, 1f necessary, inform an operator of any errors or potential errors before Huid
handiing system 200 initiates the protocol.

{G055] FIG. 3 15 plan view of deck 220 ftor loading onto plattorm 212 of housing 202 of

Fi(y. 2. Deck 220 can include spaces or locations for various components, including carcusel

204. Imaging device 206 can be mounted within housing 202 relative to plattorm 212 such
that imaging device can produce field of view 222 that covers all of platform 212, However,
in various exampies, fieled of view 222 can be configured to cover only portions of platform
212 and muitiple tmaging device can be used or an arliculating tmaging device can be used
that can move field of view 222 across platform 212 to different locations to achieve total
COVErage.

{G056] FI1(G. 3 shows deck 220 including locations numbered Li — L28 as well as other
components such as thermal cycler 224, which can operate as a separate location for separate
types of componenis or packages of components. Examples of deck 220 can have additional
locations or tewer locations, as desired. While these locations can be numbered or named,
the locations may or may not be physically labeled or marked on deck 220 1n physical
embodiments of fluid handling system 200, In examples of fluid handling system 200, some
or all of the locations can be occupied by a pre-detined type of component according 10 a
certain protocol. For exampie, locations L1 — L27 can be ioaded with a component of a
package or reagent kit or a component as specilied by a protocol, and location 128 can be
loaded with carousel 204. Some of locations 1.1 — L.27 can include the same tvpe of
component. The components can comprise test tubes, microwell or microtiter plates, pipette
tips, plate-lids, reservoirs or any other suitable labware component. The components can also
comprise an item of laboratory equipment, such as a shaker, stirrer, mixer, temperature-
incubator, vacuum manitold, magnetic plate, thermocycler, or the like. In examples, one or
more locations can be physically part of structure 140 (FIG. 1), housing 202 (FIG. 2) or deck
220 (FIG. 3}, or can be a separate component disposed on plattorm 212, Each of locations L1
— L.28 can be accessed by transport device 141 (FIG. 1), For example, locations LI — L2838,
and thermal cycler 224 can be physically separate from structure 140 or deck 220,

{057 Imaging device 206 can be configured to recognize the presence of one or more

component at each of locations L1 — L.27 and in the presence of carousel 204 at location L28.
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Furthermore, imaging device 206 can be configured to read information from the one or more
components located at each of locations L1 — L27 and carousel 204 at location L28. As can
be seen in FIG. 3, carousel 204 can include a plurality ot locations within carousel 204 itself
Each of those locations can be numbered on carousel 204 50 that components, e.g., vials of
liquid, can be loaded into carcusel 204 1s a desired manner, €.g., according to a protocol.
Images of carousel 206 taken by imaging device 206 can be used to read information from
labels of vials loaded 1nto carousel 204,
{G058] FIG. 4A 15 a perspective view of a first example of carousel 204 from FIG. 3.
Carousel 204 can comprise receptacies 230, base 232, extension 234, knob 236 and pockets
38.
{059 Base 232 can comprise a plattorm for hnking a plurality of vials into a common
structure. Base 232 can be round or circular in shape to facilitate rotation about center axis
A, Center axis A can extend from the center of the circular shape of base 232, Extension
234 can extend along axis A {0 provide clearance for knob 236 above receptacles 230A —
230P and vials located therein. Knob 236 can comprise an ergonomically shaped body to
facilitate grasping and ltting and transporting of carousel 204 by a user. As mentioned,
carousel 204 can be configured to rotate about axis A. For example, a motor or drive
mechanism of fluid handling systerm 200 can be configured to engage carousel 204 to impart
rotational movement. The drive mechanism can be configured to engage knob 236 or base
2372,
{6060] Carousel 204 can comprise a plurality of receptacles 230 for receiving
components, such as hiquud vial 240, In the example of FIG. 4A, carousel 204 includes
sixteen receptacles 230A — 230P. Receptacies 230A — 2Z30P can be physically iabeled on
carousel, such as by using numeric imdicia 242, Numeric mdicia 2472 can be used by an
operator of fluid handling system 200 to load a plurality of hiquid vials 240 into carousel 204
according to a protocol having correspondingly numbered list of liquid vials. As mentioned,
carcusel 204 can be contigured to rotate to align recepiacies 230A — 230P with imaging
device 206 and transport device 141, However, in other exampiles, carousel 204 can be
configured to be Ipaded mto deck 220 tn only one ortentation such that controller 214 wiil
know the locations of receptacles 230, Controller 214 can be contigured 1o use imaging

device 206 to read numeric indicia 242 to determine the ortentation of carousel 204
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10061 ] Receptacles 230A — 230P can include pedestals 244A — 244P and sleeves 240A —
246P, respectively. Pedestals 244 A — 244P can comprnise locations on which vials rest. The
locations of pedestals 244 A — 244P can be located on base 232 1in known positions s¢ that
transport device 141 can know where to find vials located 1n receptacles 230A — 230P.
Sleeves Z46A — 246P can extend from pedestals 244 A — 244P, respectively, to provide
support for vials located therein. Sleeves 246A — 246F can comprise elongate tube of
sutficient length to hold reagent vials in an upright position. Sleeves 240A — 246P can be
separable from pedestals 244 A — 244P to facilitate, for example, cleaning. Sleeves 246A —
246P can be made of a transparent material to tacilitate viewing of vials therewn. In
particular, sleeves 2Z46A — 246P can be transparent or clear to allow imaging device 206 to
view labels of vials inside sleeves 246A — 246P. Pockets 238A — 238P can be provided for
each of receptacies Z30A — 230P. Pockets 238A — 238P can be configured to recetve and
hold a cap, such as cap 248 for vial 240, for a vial located 1n a respective receptacle of
receptacies 230A — 2Z30P. As such, each of pockets 238A — 238P can comprise a depression
or cavity that extends down 1nto base 232 to prevent or inhibit movement of a cap. In
examples, pockets 238A — 238P comprise rectangular depressions that prevent
circumierential or radial movement of the caps relative to axis A. Furthermore, pockets
238A — 238P can be provided with tlanges or other features to immobtlize the caps.

10062 Carousel 204 can be configured to rotate or spin about axis A to generate
centritugal torce, as shown tn FIGS. 48 and 4C. Addiionally, rotation of carousel 204 can
be used to align vials with transport device 141 and/or imaging device 107 (FI1G. 1), For
example, carousel 204 can include drive hub 247 A, bearing 247B, washer 247C and pulley
247D. Belt 248A can be connected to motor 2488 and pulley 247D to provide rotational
input to carousel 204. Motor 248B can comprise a stepper motor. Drive hub 247A can
comprise a spline or sprocket over which carousel 204 can be fitted, in one of a plurality of
different rotational positions. Solenoid 248C can be provided and can include an actuatable
tab 248D to engage carousel 204 (e g, through a cut-out in a support bracket in structure 140)
to selectively inhibit rotation of carousel 204, Furthermore, each of receptacies 230A — 230P
can be configured to imdividually rotate to allow umaging device 204 g three-hundred-sixty-
degree view of vials located in each of receptacles 230A — 230P, regardless of the

circumierential onentation of carousel 204, as shown in FI1G. 4D, That is, each of pedestals
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244A — 244P as well as sleeves 240A — 246F mounted thereto, can be configured to rotate
about center axis B such that a reagent vial resting thereupon can stmultaneously rotate.
Thus, each of pedestais 244 A — 244P can comprise a turntable mounted to base 232 that can
rotate relative to base 232, thereby additionally rotating sleeves 246A — 246P. As shown in
Fi(y. 4D, pedestal 244 A can comprise sieeve 240A, (U-ring groove 249A, O-ring 2498,
bearing 249C and drive 249D, Pedestal 244 A can be rotated by engagement with reagent
input drive 249K, which can be mounied concentrically on drive hub 247A. As drnive hub
247 A rotates, the outer diameter of drive hub 247 A around which O-ring 2498 1s fitted
engages pedestal 244 A to cause rotation of pedestal 244 A 1n bearing 249, Each of pedestais
244 A — 244P can be positioned around the outer diameter of drive hub 249K {0 be
simultancously rotated. Asis discussed in greater detail with reference to FIGS. 7 -8,
imaging device 206 can be configured to use shit-scan technology, or other technology, to
produce panoramic images of the labels on vials 240

10063 FIG. 5 18 a perspective view of an alternative example of carousel 204 of FIG 3
having different sized receptacles. Carousel 250 can comprise receptacies 232, base 254,
extension 256, knob 258, pockets 260 and numeric indicia 262, Carousel 250 can function in
a similar manner as carousel 204, such as by being configured to rotate about axis A
Carousel 250 can have the same tootprint as carousel 204 so as to occupy the same surface
area of deck 220. For exampie, base 254 can have the same shape and size, e.g. circle and
diameter, as base 232. However, carousel 250 features fewer receptacies that are of different
size and shape.

{0064] Receptacles 252A — 252E can include pedestals 264A — 264E and sleeves 260A —
266k, respectively. Receptacies 252A — 252D can comprise cylindrical receptacies with
larger diameters than receptacles 230A — 230P. Receptacle 252E can comprise a square
shaped container. Receptacle 2352E can be larger than receptacles 23ZA — 252D to, for
example, receive a bulk matenal, e.¢., such as 80% ethanol, water, beads, and etcetera, vial
that can be used with the reagents of receptacles 252A 25213, Sleeves 266A — 266K can be
clear or fransparent to allow for viewing of vials, such as vial 268, when positioned within
receptacles 252A — 252KE. Pockets 260A — 260K can be configured to receive a cap, such as

cap 270 for vial 2683,

20



10

15

20

WO 2021/055605 PCT/US2020/051273

{0065] FIG. 6 15 a schematic view of screen shot 280 of control panel 282 for fluid
handiing system 200 of FIGS. 1 and 2. Control panel 282 can comprise an input and output
device for control computer 108 {(FI{. 1} or can comprise an embodiment of an interface for
controller 214, Screen shot 280 can comprise information for a protocol, including titie block
284, reagents block 286, volume block 288 and carousel location block 290, as well as other
information blocks, such as a storage temperature block and a preparation temperature block.
Reagents block 286 can comprise a listing of reagents {0 be used by a protocol being
programmed into control computer 108, As such, an operator of system 200 can enter into
countrol panel 282 a particular reagent tor each carousel location 1n carousel location block
290. Carousel location block 290 can include numeric indicia, such as numeric indicia 242
and 202, that corresponds to numertic indicia on a given carousel, such as carousels 204 and
250,

{0066] Using control panel 282, a lab technician can configure a batch remotely from
housing 202, Contiguration of a batch can inciude selection of a protocol, samples, indices,
method options, and safe stopping points. The lab technician can print off a reagent work aid
(RWA) at a nearby printer. The RWA can provide information about reagents needed to
complete the batch that was configured. The RWA can include reagent storage condition,
reagent box name, reagent name, thawing nstructions (if applicable), vortexing instructions
(if applicable), and centrifuging instructions (if applicable}. The order of the items on the
RWA can be determined by an applications scientist to make the most sense in terms of
streamlining the preprocessing (thaw, vortex, centrifuge). The lab technician can retrieve the
reagents according to the RWA and can perform any required or desired preprocessing steps.
As such, the lab technician can begin a sample processing procedure by obtaining a reagent
kit, assessing its contents, if system 100 1s configured as such, entering a listing of reagent
vials mnto control panel 282 according {o a protocol developed by the applications scientist,
and loading reagent vials into a carousel. In other exampies, the histing of reagent vials can
be imcluded in a protocol already programmed 1nfo system 100 such that the lab technician
need not manually enter the listing of reagent vials.

{3067 FIGL 7 1s a close-up perspective view of receptacie 230G of FIG. 4A having liguid
vial 240(s positioned therein. Receptacle 230( can comprise one of a plurality of receptacies

loaded mmto carousel 204, Carousel 204 can be loaded into housing 202 of fluid handhing
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system 200 of FIG. 1. Carousel 204 can be disposed relative to transport device 141 and
imaging device 206, Transport device 141 can comprise an overhead crane system having
ratis 300A and 300B that run across a length of platform 212 and bridge 302 that can span the
width of platform 212 and that can be configured to siide on ratls 300A and 300B. Cammage
304 can be coupled to bridge 302 and can be configured to move along bridge 302 across the
width of platform 212, Bridge 302 and carnage 304 can be operatively coupled to
appropriate motors and power sources, as well as control panel 214, to move according to a
protocol. Carriage 304 can be coupled to one or more instruments for performing the
protocol. In the illustrated example, carriage 304 1s coupled to pipettor 306, Pipettor 306 can
be configured to move axtally into hquid vial 240G when moved into position to align with
axis B.

{0638 {Once preprocessing 1s compliete, the 1ab technician can uncap the reagent vials,
load the vials into receptacies 230 of carousel 204, and set the caps adjacent {o the vials on
carousel 204 at pockets 238, For example, cap 248G can be removed from vial 240 and
placed in pocket 238G, If any of the caps are tethered to their respective tube, the lab
technician can cut the tether to permit the cap to be separated trom the tube which will avoid
potential crashes with pipettor 306, Sleeve 246G can extend along the length of vial 240G,
across a label for vial 240G, up to knurling 249G, Sleeve 246G can stop short of knurling
2494 to allow grasping of vial 240G below threading where cap 248( s configured to
couple to avoid cross~-contamination. However, sleeve 246{(5 1s of suflicient length to hold
liquad vial 240G 1n an upright position along, or substantially along, axis B.

{3069] As mentioned, pedestal 244G can comprise a pedestal upon which vial 240G can
rest and pedestal 244(s can be configured to rotate under power from motor 308 or another
motor {e.g., motor 2488 of FIG. 4B). Pedestal 244G can additionally include flange 312G
for receiving sieeve 246(. Pedestal 244(s can sit within well 314G of base 232, Well 314G
can be a location within base 232 where pedestal 244G can be positioned to interface with
motor 308, such as through a shalt or magnetic coupling. In examples, motor 308 can
comprise a portion of a turntable system. Well 3144 can be larger than pedestal 244G,
Pedestal 2440 can be configured to be releasably attached to base 232, As such, carousel
204 can be configured to receive pedestals of different sizes to receive vials or components of

the protocol of different sizes. For example, difterent sized pedestals can have ditferent sized
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flanges to recerve different sized sleeves or tubes. The sleeve size can be closely matched to
the vial size 1n order orient the vial in an upright position along axas B to tacilitate pipetting,
for example. The pedestals can be configured to be held in place, such as via a snap feature,
to provide tactile feedback {0 an operator that the pedestal 15 firmly attached. Ditferent sized
pedestais can be categorized, such as with color coding or some other system tdentification
system. Fluid handling system 200 can be configured to read coding on each pedestal, or on
carousel 204, for cross-referencing with a protocol stored in computer readable medium
1088, such as can be entered by an operator at control computer 108

{0070 The lab technician can 1mitiate the run of the precontigured baich on control panel
214 or control panel 282, and then ioad carousel 204 onto housing 202, The lab technician
can close cover panel 210 of housing 202, Additionally, carousel 204 can be provided with a
cover or lid. The cover can comprise a cylindrical wall to engage base 232 and surround
receptacies 230 and a top panel to oppose base 232 and encapsulate receptacies 230, The
cover can protect reagents toaded 1nto receptacies 230 from environmental contaminates and
can aid in transport of carousel 204, particularly if carousel 204 1s configured to not have
extension 234 and knob 236. The top panel can include opentngs or access points, such as
slots, to allow for access by instrumentation, such as pipettor 306 and {o permif imaging
device 206 to view reagent vials located under the cover. The cover can be configured 1o
remain stationary while carousel 204 can rotate. In other examples, the cover can be
configured to rotate with carousel 204

{6071] Once the cover tor carousel 204 15 closed, system 200 can use imaging device 206
to perform slit-scan photography in conjunction with rotation of receptacles 230, For
example, receptacie 230( can comprise pedestal 244(y and sleeve 246(. Pedestal 244G can
be coupled to motor 308, or some other spimming mechamsm, to obtain an “unrolled” 1mage
of vial 240(. Pedestal 244{ can rotate about axis B, which can cause vial 240{ to
additionally rotate about axis B. As such, a center of vial 240G can be located a constant
distance from tmaging device 206 to facilitate shit-scan imaging. The “unrolied” 1mage can
run through an algorithm to decipher indicia, or visual indicators, on a label of vial 240,
such as barcodes, Universal Product Codes, text, alpha-numernic characters, graphical
pictures, pictographic characters, visual pictures, QR codes, data matrix codes, user-added

information (such as hand written notes, marks or distinguishing features) symbols and the
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like. Rotational speed of each of the pedestals can be calibrated to the imaging device, e.g. a
shutter speed or panning speed, using a geometric calibration label (e.g., label 600 of FIG.
12}, wherein geometric shapes {(e.g., squares 602A — 602C of FIG. 12) and a reference tmage
{(e.g., text 604 of FIG. 12) on the calibration label can be recorded by the imaging device
while the pedestal 1s rotating and the speed of the pedestal can be adjusted until the geometric
shapes come 1nto focus.

{307 2] FIG 12 dlustrates example calibration labet 600 comprising squares 602A —602C
and reference text 604. As described above, each individual reagent vial can be rotated at a
speed commensurate with the frame rate of the camera obtaining an umage of the label
attached thereto. If the motor spins too fast, the camera will not be able t¢ sample fast
enough 1o peel the label off for every degree, hence the result label will look compressed. On
the other hand, if the motor spins 100 slow, the camera will potentially take picture of the
same degree multiple times, thus resulting the label look stretched. The distortion of the label
will cause problem on the accuracy of OCR (Optical Character Recognition). The
information being deciphered from the indicia can include vendor identification, reagent
names, 1ot numbers, temperatures, protocols and the like

{607 3] FIG. 13 A shows an example of a reagent vial being rotated too slow for a camera.
Squares 602A — 602C appear as laterally elongated rectangles having a width to height ratio
ot 2.91, while text 604 becomes widened. If the width of the rectangle in the image 1s greater
than tis height, then the rotational speed 1s too low. Conversely, if the height 15 greater than
the width, then the speed 1s too high. The measured ratio of height to width provides a direct
indication of the change in speed required for calibration.

1007 4] FI(r. 13B shows an example of a reagent vial being rotated at nearly the same rate
as the camera such that squares 602A — 602C are nearly perfect squares, €.¢., have a width to
hetght ratio of 1.66.

{0075] Additionally, as discussed above, instead of using a single camera to view rotated
vials, multiple cameras can be used to view difterent sides or perspectives of a stationary vial
such that multiple images can be compiled or quilted together to obtain a compiete label
View.

{307 6] FI(G. 8 1s a perspective view of a plurality of liquid vials 320A — 320L loaded into

carousel 322, Carousel 322 can be configured sstmular {0 any of the carousel described herein
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such as carousel 204 and carousel 250, Vials 320A — 320L can each have a respective one of
labels 324A — 3241, Each of labels 324A — 324L can have difterent types of indicia located
thereon, such as bar codes, iot numbers, reagent names and the like.

{6077 Carousel 322 can be rotated to position each of liquad vials 320A — 320L nio
view of imaging device 206 (F1(G. 7). Imaging device 206 can have a view of all liquid viais
320A — 3201 at one time. For example, for each of hiquid vials 320A — 3201, imaging device
206 can have region of interest 326A — 326L of the field of view. Each region of interest can
be produced with a slit or a virtual slit for imaging device 107, for example. Each of regions
of interest 326A — 3201 can be centered about axis B for each receptacle that hiquud vials
320A — 3201 are loaded into. Each of regions of interest 320A — 3261 can correspond {o an
image faken of hquid vials 320A — 3201 through a shit 1n a camera screen or shufter. With
each vial being viewed by itmaging device 206, motor 308 can rotate one or more pedestals so
that imaging device 200 can take one or more images of labels 324A — 3241, This allows,
tor the 1Hlustrated example 12, and up to 18, label 1mages to be created at the same time,
greatly reducing the time required. In other examples, the field of view of imaging device
107 can be zoomed 1n or focused onto each of regions of interest 326A — 3261 individually.
{6078] FIGS. 9A - 9C are views of rectangular label 352 wrapped around cylindrical
liquad vial 350, Laquid vial 350 can comprise tube 354, knurhing 356 and cap 358, Multiple
images of iabel 352 can be taken as tube 354 is rotated. Alternatively, a single continuous
image can be taken as tube 354 15 rotated using slit-scan technology. Thus, for example,
individual images, such as those shown 1n FIGS. 9A — 9C can be pieced together to form a
complete view of label 352,

10079 Information from label 352 can be compared {o information stored in computer
readable medium 1088 or elsewhere in processing system 100, Information can be loaded
into computer readable medium 108B, such as from network 216 that contains label
information from ditterent manufacturers of, for example, reagents used 1n liquad vial 350,
Thus, computer readable medium 1088 can be provided with manufacturer names, reagent
names in long and short formats, lot numbers, storage temperature intormation, and the like.
Thus, processing system 100 can be provided with a library of information for a plurality of
protocois from a plurality of manutacturers or vendors. In examples, operators of processing

system 100 can ioad into computer readable medium 1088 information for library
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construction kits from manufacturers that the operator anticipates running. As such, once a
protocol 1s entered into processing system 100, processing system will have access to
information to decipher reagent vials intended to be used therein.

{080 Additionally, system 100 or 200 can be configured to read hiquud level L within
liguid vial 350, In an exampie, umages of liquid vial 350 can be scanned to determine a liguid
level. Additionally, pipettor 306 can be configured to have a sensor, such as an acoustic
sensor, for level sensing.

{6081 ] After system 100 or system 200 compares known information from imaging
device 107 or imaging device 206, the system will know what reagents have been loaded mnto
carcusel 204 just before a protocol 1s about to be executed. Systems 100 and 200 can be
configured such that the order or location in which the reagent vials are loaded onto carousel
204 does not matter. The software can cross-check the reagents loaded with the expected
reagenis for the batch configuration according to the protocol programmed into control panel
282, M all the reagents loaded were expected, transport device 141 and processing apparatus
101 can begin aliquoting from the reagent vials to an internal temperature-controlled storage
location. The volume to aliquot 1s known by the system based on the batch configuration the
lab technician setup from control panel 282, Before each ahiquot, liquid-level sensing can be
performed to ensure adequate volume tor the batch 1s present. Such hquid-level sensing can
be performed using, for example, an acoustic sensor positioned on pipettor 300
Additionally, imaging of the reagent vials using imaging device 107 or imaging device 206
can be used to determine levels, such as by comparing images of the actual hqud levels to
graduation marks on individual reagent vials.

100821 FIG. 10 1s a line diagram illustrating method 400 for identitving reagents loaded
into a fluid handling system.

{083 At step 402, a programmed protocol can be selected for running on a fluid
handling system. For example, an operator can use control panel 282 to enter or select a
protocol 108F stored in computer readable medium 108B. The protocol can include steps for
processing and analyzing biological samples, such as the preparation of libraries of DNA
fragments including next-generation sequencing (NGS) hibraries, by using a plurality of

reagents.
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10084 ] At step 404, a listing of reagents used in the library preparation can be input into
the system. The hsting of reagents can include the reagent name and volumes of each reagent
to be used in the protocel. The listing of reagents can be generated by the programmed
protocol or can be manually entered by a user.

{0085] At step 406, reagent vials including the reagents in the listing of reagents can be
loaded into the system. For example, reagent vials can be loaded into sieeves 260A — 2606E
of carousel 204. The reagent vials can be marked by an operator to provide a unique tag,
such as to distinguish 1dentical or nearly identical vials of the same matenal or liquid. In
examples, the reagent vials can be loaded into any position on carousel 204, or can be loaded
into specific, numerically identified positions in carousel 204, Caps from the reagent vials
can be removed and secured to carousel 204 proxamate the reagent vials tor later resealing of
the reagent vials.

{0086] At step 408, carousel 204 can be loaded mmto the system. For example, carousel
204 can be loaded onto deck 220 at location L.28. Carousel 204 can be loaded into housing
202 to interact with motor 308 that can cause rotation of carousel 204 about axis A

(3087 ] At step 410, carousel 204 can be imaged with imaging device 107 or tmaging
device 206. Reagent vials within sleeves 246A — 246F can be imaged with the imaging
device. The images can be taken through transparent matenal forming sleeves 246A — 246K,
The reagent vials can be rotated on pedestals 244A — Z44E supporting sleeves 240A — 246E.
fmages of carocusel 204 can be used to determine the presence of the correct number ot vials
has been loaded into carousel 204, Likewise, images of carousel 204 can be used to
determine if caps of each vial have been removed.

{0088 At step 412, individual labels of the reagent viais can be identified in one or more
images of carousel 204, As carousel 204 1s imaged in step 410, the imaging device can be
aimed at each reagent vial or carousel 204 can be rotated to position each reagent vial in the
field of view of the imaging device or the imaging device can have a specific region of
interest tor gach reagent vial 1n a single hield of view. For example, shit-scan images can be
obtained of the labels as the reagent vials are rotated by pedestals 244A — 244E. As
mentioned, aliernatives to slit-scan 1maging can be used, such as panoramic, stiiched,

unrolled, quilted images and the hike.
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10089 At step 414, image files of the individual iabels can be generated. A plurality of
individual images can be pieced together, or a single time-lapsed image can be processed to
generate an 1mage wherein intormation displayed on the label can be read an interpreted via
the system and via a human operator. For example, the shit-scan 1mages can be used to
generate a complete view of the labels that are wrapped around the reagent vials and are
therefore not visible in one view of the imaging device.

{(3090] At step 410, information from the label images can be obtamned, such as by
performing character recognition algorithms. For example, barcodes, Universal Product
Codes, text, alpha-numeric characters, graphical pictures, pictographic characters, visual
pictures and symbois can be obtained. Such information can comprise vendor identification,
reagent names, 1ot numbers, temperatures, protocols and the hike, Furthermore, at step 416 or
step 414, image files of each label can be evaluated for clarity. It any of the image files are
deemed vague, fuzzy or out of focus, additional timages can be taken. Additionally, multiple
images can be taken at step 412 before evalualing image {ile clartty and the plurality of
images of carousel 204 can be evaluated to determine the clearest picture to be used for
information identitication. I information cannot be determined from the images of carousel
204 of the generated 1images files of each label, the system can provide a warning to a user to
indicate that a new reagent vial should be loaded into carousel 204 that can be better read. At
such point, a voting process can be mitiated. Otherwise, the user can clear the warning and
decided to proceed with the already 1astatled reagent vial.

{6091 ] The voting process can be used to produce higher accuracy 1n interpreting image
information, rather than for producing higher image quality. The voting process can involve
rotating the tubes several rotations and siit scanning each tube multiple times. Because of
noise, the character recognition (e.g., Optical Character Recognition) or visual indicator
recognition results described herein can sometimes not be exactly the same for each rotation.
The multiple images of each slit scan of each tube can be correlated for each string on the
tabel and a voting mechanism can be used to decide which candidate has the highest vote.
For example, a label can be provided with part number “KE8443” printed on the label. The
visual mdicator recoguntiion results may return “KEE443,” “"KEB443,” or “KE&443” {or three
different siit scans. The voting result of those three candidates would yield the correct

number KEB443 since two of the three shit scans match the part number printed on the label.
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10092 ] In this wav, we scan and OCK the tube label independently and improve the
accuracy 1n a way similar to binonual distribufion. The final accuracy atter voting will be

provided by Eguation [11}:

[Fquation {1]

N

{HIVR] fn Equation {1}

{G6094] x 18 the number of experiments. In this case the number of times we rotate and slit
scan the tube;

THURY & 18 the probability of correct OCR, and

{HIHY & 18 the nurnber of correct OCR.

10 {06697 For example, if each time the chance that a character string of a label 1s correctly

recogmzed 18 0.8 and the label 1s scanned three times, the final probability of getting a correct

e

string is 3 19.8%0.5% + {20.2%7 = 0.895. If the label is scanned five times, the final probability is
(0.94208.
{0098] At step 418, information from the images can be looked-up 1n a database. The

15 database can be pre-populated with information from manufacturers of reagent vials, such as
vendor identification, reagent names, ot numbers, temperatures, protocols and the like. Such
information can be entered into the system via an operator at a system interface or can be
downloaded from a network.
{0099 At step 420, istormation from the reagent vial labels can be compared with

20 information from the protocol programmed into the system at step 402
[G01008] At step 422, the system can determine it the correct reagent vials are loaded into
carcusel 204 based on the comparison at step 410, If the correct reagent vials are loaded into
carousel 204, the process can continue to step 424, It incorrect or unexpected reagent vials
are loaded into carousel 204, the process can continue to step 428

25 J00101] At step 424, the system can determune if the reagent vials are loaded info the
correct locations i carousel 204 based on the comparison at step 410, I the reagent vials are
loaded 1nto the correct positions in carousel 204, the process can confinue to step 426. If the
reagent vials are loaded into 1mmcorrect positions tn carpusel 204, the process can continue to

step 428, Step 424 can be an optional step because reagent vials entered into the system at
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step 402 can be recognized at step 418 and the protocol can be adapted by the system 1o
access the proper reagent vial when needed regardless of the location in carousel 204,
B8102] At step 420, the protocol entered at step 402 can be run by the system. The
system can prevent access to carousel 204 to prevent reagent vials from being changed out.
00163] At step 428, the operator of the system can be notified of an error or a potential
error determined at one or both of steps 422 and 424, For example, audio or visual alarms
can be provided by the system. Addttionally, the system can present instruciions for
remedying the error to the operator at a display screen. After the deficiencies are corrected,
the system can continue {0 execule the steps of method 400

i0010G4] The present disciosure describes various systems, assemblies, devices and
methods for automated reagent identification for material handhing systems that can reduce
set-up time and errors in setting up material handling systems for performing procedures
programmed into the matenal handhng systems. For example, if the iab technician loaded a
reagent that was unexpected, an on-instrument screen, such as at controller 214, or an ofi-
instrument screen, such as at control panel 282, can notify the lab techmician, such as via a
visual alarm or alert, of the error. Additionally, various audible alarms and alerts can be
cenerated. Additionally, if the lab technician forgot or otherwise fatled to load a reagent, the
system can provide a notification.

{06165] It the system cannot 1dentify a reagent based on the obtained imaging of the labels
of the reagent vials, the system can provide an mstruction at controller 214 or control panel
237 requesting the lab technician manually identify the reagent in question based on a pick-
list of expected reagents. Such errors can arise due to poor label quality, wet labels,
handwritten labels, etc.

{00106]  In vanous examples, the hibrary of manufacturer or vendor information can be
provided to the system via network connection, such as network 216, If network connectivity
fails and the 1maging devices cannot decipher information of a particular reagent label, a user
can manually aliguot remaining reagents by hand to 1aternal system locations based on
prompting from the system, the user can manually 1dentity each reagent on the carousel using
the on-1nstrument screen, or the system can instruct the user which vial should be loaded at

which posttion.
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00107] The imaging devices of the system can additionally be used to determine 1f caps
have been left on the reagent vials, etther threaded onto the tubes or attached via a tether. In
other examples, a sensor on pipettor 306 can be used to detect a cap. The system can provide
appropriate alarms or nofifications il a cap 1s detected. Cap detection can use a neural
network approach where a picture of each reagent vial 1s cropped from the deck camera
{rame, then fed 1into a neural network which output three classes: vial with a cap, vial without
a cap, no vial. FIG. 11 shows an example of workflow map 500 for system 200, At step 502,
carousel 204 can be loaded and door 210 can be shut. At step 304, door 210 can be locked
and camera 200 can be activated to read information from carousel 204, At siep 506 a
decision can be made to determine it the correct carousel is loaded per the programmed
protocol. At step 508, system 200 can check for the presence of caps on the reagent vials
loaded into carousel 204, If caps are detected, door 210 can be unlocked and/or an error can
be displaved for a user at step S12. At step 514, the error can be corrected and system 200
can return to step 504. At step 516, system 200 can use camera 206 {0 image individual
reagent vials loaded into carousel 204, At step 518, system 200 can check the protocol o see
it proper reagent vials have been loaded 1nto carousel 204, It improper reagent vials are
loaded therein, system 200 can move to step 512 to take corrective action. At step 520,
system 200 can execute the protocol. At step 5322, the protocol can be concluded and door
216 can be unlocked and opened and system 200 can be prepared for subsequent workflow
actions.

{G0108] In various examples, the system can be configured to maintain housing 202 in a
sealed state, such as by prevenfing cover panel 210 from opening, unfil atter a protocol has
been completed in order to prevent a user from changing a vial on the carousel after it has
been loaded and 1dentified by the instrument. This can help ensure that the system has chain
of custody of the reagents whiie on the system.

{60109] The system can further be configured to use imaging of the reagent vials to
determine if the lab technician has placed a vial i a wrong-sized scanning tube such that, for
example, the vial will not stand upright, thereby preventing instrumentation from enterning the
vial or preventing proper shit-scan tmaging. In such scenarios, the system can nofify the user
of the error. Proper tube size can be programmed into the protocol such that the system

knows what tube sizes are expected. Additionally, reagent vial identification obtained by the
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imaging device and color identification or barcoding of the pedestal can be used to detect
such errors.

{66110] Furthermore, reagent vial volumes can be determined with the system to identify
if the loaded reagent vial does not contain enough volume {0 meet the needs of the
programmed protocol. This can be detected at reagent aliquot time. I such scenarios are
detected, the system can prompt the user to load another vial or refill a vial, such as from a
reagent of the same batch. Because of the long lead time (thaw, vortex, centrifuge) the earlier
we can inform the user the better. If the error is detected mid-aliquot, the system should
inform the user and move on with pipetting the next item on the carousel. Because reagent
loading can be an interactive workflow, the user will be near the system to address the error.
G011} Forlot tracking, images of the reagent vial labels obtamed with the umaging devices
can be used to identity lot numbers. However, because there can sometimes be no bult-in
confirmation of lot number on the vial, the system cannot ailways be sure that the imaging
identified the lot number properly. Therefore, ot numbers can be venfied by the user. For
example, the lot number verification can occur by the lab technician at any remote workstation in
the lab where the lab technician can review images of each vial, along with the lot number
identified by the imaging. The lab technician can then confirm the lot number was 1maged and

deciphered correctly or edif the number to be recorded in the sample log

‘- L]

Various Notes

160112] The above detatled description includes references to the accompanying drawings,
which form a part of the detailed description. The drawings show, by way of illustration,
specific embodiments 1t which the invention can be practiced. These embodiments are also
referred to herein as “examples.” Such examples can include elements in addition to those
shown or described. However, the present inventor also contemplates examples in which
only those elements shown or described are provided. Moreover, the present inventor aiso
contermnplates examples using any combination or permutation of those elements shown or
described {or one or more aspects thereot), either with respect to a particular example (or one
or more aspects thereot), or with respect to other examples (or one or more aspects thereot)
shown or described herein.

i60113] In the event of inconsistent usages between this document and any documents so
incorporated by reference, the usage n this document controls.
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i00114] In this document, the terms “a” or “an” are used, as 1s common in patent
documents, to mclude one or more than one, independent of any other instances or usages of
“at least one” or “one or more.” In this document, the term “or’ 1s used to refer to a
nonexcliusive or, such that “A or B” includes “Abut not B,” “B but not A,)” and “A and B.”
unless otherwise indicated. In this document, the terms “including” and “in which” are used
as the plain-English eqguivalents of the respective terms “comprising’ and “wherein.” Also,
in the tollowing claims, the terms “including” and “comprising” are open-ended, that 1s, a
system, device, article, composition, tormulation, or process that includes elements in
addition to those listed atter such a term i a claum are still deemed to fall within the scope of

A A

that claim. Moreover, in the following claims, the terms “first,” “second,” and “third,” etc.
are used merely as labels, and are not intended to impose numerical requirements on their
objects.

{60113] Method examples described herein can be machine or computer-implemented at
least tn part. Some examples can include a computer-readable medium or machine-readable
medium encoded with instructions operable to configure an electromc device to perform
methods as described in the above examples. An implementation of such methods can
include code, such as microcode, assembly language code, a higher-level language code, or
the hke. Such code can include computer readable instructions for performing various
methods. The code may form portions of computer program products. Further, in an
exampie, the code can be tangibly stored on one or more volatile, non-transtiory, or non-
volatile tangible computer-readable media, such as during execution or at other times.
Examples of these tangible computer-readable media can include, but are not himited to, hard
disks, removable magnetic disks, removable optical disks (e.g., compact disks and digital
video disks), magnetic cassettes, memory cards or sticks, random access memories (RAMs),
read only memories (ROMSs), and the like.

{60116] The above description 1s intended to be tllustrative, and not restrictive. For
example, the above-described examples (or one or more aspects thereot) may be used in
combination with each other. Other embodiments can be used, such as by one of ordinary
skill 1n the art upon reviewing the above description. The Abstract 15 provided to comply
with 37 CF R §1.72(b), to allow the reader to quickly ascertain the nature of the technical

disciosure. It is submatted with the understanding that it will not be used {o interpret or hmit
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the scope or meaning of the claims. Also, in the above Detailed Description, varnious features
may be grouped together to streamhbine the disclosure. This should not be interpreted as
intending that an unclaimed disclosed feature is essential to any claim. Rather, inventive
subject matier may lie 1n less than all features of a particular disclosed embodiment. Thus,
the tollowing claims are hereby incorporated into the Detailed Description as examples or
embodiments, with each claim standing on its own as a separate embodiment, and it is
contemplated that such embodiments can be combined with each other i various
combinations or permutations. The scope of the invention should be determined with
reference to the appended claims, along with the full scope of equivalents to which such

claims are entitled.
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Claims

What is claimed is:

1.

A fluid handling system for processing a sample using a reagent kit including a

plurality of reagent vessels, each of the plurality of reagent vessels containing a

corresponding liquid reagent, the fluid handling system comprising:

2.

a non-transitory, computer-readable storage medium including a programmed
protocol for processing the sample, the programmed protocol including a
listing of reagents for processing the sample,
a vessel holder configured to receive the plurality of reagent vessels at a
corresponding plurality of locations, each reagent vessel having visual
indicators of identifying features located on an identification label;
an imaging device configured to create an image of each of the plurality of reagent
vessels loaded into the vessel holder; and
a processor configured to:
recognize the visual indicators in each image and to identify the reagent in
each of the plurality of reagent vessels based on the recognized visual
indicators;

determine if appropriate reagents have been loaded into the vessel holder as
specified in the listing of reagents; and

adapt the programmed protocol to access a proper reagent vessel when needed
regardless of a location of the proper reagent vessel in the vessel
holder.

The fluid handling system of claim 1, wherein the programmed protocol further

specifies an expected location for each the plurality of reagent vessels for loading into the

vessel holder, wherein the processor is further configured to determine if a loaded location of

the reagent vessel for each identified reagent corresponds to the expected location for that

reagent vessel as specified in the programmed protocol.
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3. The fluid handling system of any one of claims 1 to 2, wherein each of the plurality of
reagent vessels loaded into the vessel holder is rotatable along a central axis of the reagent

vessel.

4. The fluid handling system of claim 3, wherein the imaging device is configured to
produce a composite image of each of the plurality of reagent vessels via slit-scan imaging.

5. The fluid handling system of claim 4, wherein the processor is further configured to
calibrate a rotational speed of individual reagent vessels in the vessel holder using a
geometric calibration label.

6. The fluid handling system of any one of claims 1 to 5, wherein the vessel holder is a

reagent carousel rotatable along a central axis of the reagent carousel.

7. The fluid handling system of any one of claims 1 to 6, wherein the imaging device has
a field of view configured to simultaneously image the plurality of reagent vessels in the

vessel holder.

8. The fluid handling system of any one of claims 1 to 7, wherein the non-transitory,
computer-readable storage medium includes a database including visual indicators for reagent

vessels from different manufacturers including a lot number and an expiration date.

9. The fluid handling system of claim 8, wherein the processor is configured to compare

visual indicators in the database to decipher the visual indicators in the images.

10.  The fluid handling system of claim 9, wherein the processor is configured to compare

the deciphered visual indicators in the images to information in the programmed protocol.

11.  The fluid handling system of any one of claims 1 to 10, wherein:
the fluid handling system is configured to determine a level of liquid within a reagent
vessel; and
the processor is further configured to confirm sufficient volume of liquid is contained

in the reagent vessel according to the programmed protocol.
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12.  The fluid handling system of any one of claims 1 to 11, wherein the recognized visual

indicators comprise alphanumeric characters.

13.  The fluid handling system of any one of claims 1 to 12, further comprising:
a deck having source locations and destination locations; and
a pipettor configured to aspirate liquid from source locations on the deck and to
dispense the aspirated liquids to destination locations on the deck,
wherein the programmed protocol further specifies a destination location for the
corresponding reagent in each of the plurality of reagent vessels loaded into
the vessel holder, and
wherein the processor is further configured, for each of the plurality of reagent vessels
loaded into the vessel holder, to:
determine the destination location specified for the identified reagent in the
programmed protocol;
direct the pipettor to aspirate a volume of liquid from the reagent vessel in the
vessel holder, and
direct the pipettor to dispense the aspirated volume at the determined

destination location for the identified reagent.

14.  The fluid handling system of claim 13, wherein the processor is further configured,
for each reagent vessel loaded into the vessel holder, to direct the pipettor to aspirate the
volume of liquid from the reagent vessel and to dispense the aspirated volume at the
determined destination location regardless of the position in the vessel holder into which the

reagent vessel has been loaded.

15.  The fluid handling system of any one of claims 1 to 14, wherein the processor is
further configured to determine, from images of the vessel holder, if caps have been removed
from the reagent vessels, and to provide an alarm if a cap has not been removed from a

reagent vessel.

16. A fluid handling system for preparing a sample according to a programmed protocol,

the fluid handling system comprising:
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a deck having source locations and destination locations;
a tube holder located on the deck and configured to receive a reagent vessel having a
label with visual indicators of identifying features;
an imaging device configured to create an image of the label on the reagent vessel in
the tube holder;
a pipettor configured to aspirate liquid from source locations on the deck of the fluid
handling system and to dispense the aspirated liquids to destination locations
on the deck;
a non-transitory computer-readable storage medium including the programmed
protocol, the programmed protocol specifying source locations and destination
locations for different reagents on the deck; and
a processor configured to prepare the sample by:
recognizing the visual indicators in the image of the label and to identify a
reagent in the reagent vessel based on the recognized visual indicators;

determining the destination location specified for the identified reagent in the
programmed protocol;

adapting the programmed protocol to access a proper reagent vessel when
needed regardless of a location of the proper reagent vessel in the tube
holder;

directing the pipettor to aspirate a volume of liquid from the proper reagent
vessel regardless of the location in the tube holder, and

directing the pipettor to dispense the aspirated volume at the determined

destination location for the identified reagent.

17. A method of identifying reagents loaded into a fluid handling system, the method
comprising:
programming a protocol for preparing a sample into a controller of the
fluid handling system;
loading multiple reagent vessels into a vessel holder of the fluid
handling system;
imaging individual labels of the multiple reagent vessels with an

imaging device to produce label images;

38



comparing information in the label images to identification information
located in a database in communication with the controller;

determining if appropriate reagents have been loaded into the vessel
holder to perform the protocol; and

adapting the programmed protocol to access a proper reagent vessel
when needed regardless of a location of the proper reagent vessel in the vessel
holder.
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