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LIQUID LEVEL DETERMINATION

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
62/774,529, filed December 3, 2018, which is incorporated by reference.
BACKGROUND
[0002] Automated analytical instruments or analyzers are used to test patient samples
(e.g., blood or liquid) to determine if a patient suffers from a disease. The analyzers store
reagents (e.g., buffers) in containers. The liquid level in the container is determined to ensure
an adequate supply of reagent to complete the test(s). In some cases, inadequate liquid in the
container can damage analyzer components.
[0003] One method to assess the volume of liquid in a container is by manual visual
inspection by a human operator, which may be inaccurate and time-consuming. Electro-
capacitive and pressure methods use a probe that contacts the liquid inside the container to
determine the liquid level. However, such methods can result in contamination of the liquid
in the container.
SUMMARY
[0004] Described herein are systems and methods for determining a liquid level in a
container. The disclosure provides systems and methods that determine the liquid level in a
container without contacting or contaminating the liquid. The systems and methods can be
used in automated analytical instruments (e.g., automated blood analyzers).
BRIEF DESCRIPTION OF THE DRAWINGS
[0005] FIG. 1 is a block diagram illustrating a system for determining a liquid level in
one or more containers, according to an embodiment.
[0006] FIG. 2 is a schematic side view of the containers shown in FIG. 1, as seen by an
image sensor of an image capture apparatus, according to an embodiment.
[0007] FIG. 3 is a block diagram illustrating a controller suitable for use in the system of
FIG. 1, according to an embodiment.
[0008] FIG. 4 is a flow chart illustrating a method of determining a liquid level in a
container, according to an embodiment.
[0009] FIG. 5 is a sequence diagram illustrating a method of determining a liquid level in

a container, according to an embodiment.
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[0010] FIGS. 6A — 6E show the steps in calculating a gradient of an analysis region
according, to an embodiment. For clarity, not all the row and column pixels are shown in
FIGS. 6B - 6E.
[0011] FIG. 7 shows an example averaged intensity and gradient vector plotted as a
function of row index with the initial analysis region of a digital image below the x-axis,
according to an embodiment. The plot shows the point of minimum gradient that clarifies the
location of the air-to-liquid boundary or meniscus.
[0012] FIG. 8 shows an original digital image with the analysis regions and results of
liquid level measurement overlaid on the digital image, according to an embodiment.
[0013] FIG. 9 shows an example gradient vector plot for an analysis region in which a
container is missing, according to an embodiment. The gradient has a strong positive peak
due to an edge from a container holder shown in FIG. 10.
[0014] FIG. 10 shows an original digital image of a set of containers in which one
container is absent, according to an embodiment. Analysis regions and results of liquid level
measurement are overlaid on the digital image.
[0015] FIG. 11 shows a digital image in which white bars are placed in the background of
the analysis region when the container is absent.
[0016] FIG. 12 shows an example gradient vector plot in which the gradient has a strong
peak corresponding to the locations of the white bars within the analysis region.
[0017] FIG. 13 is a block diagram illustrating example components of a computer used as
part or all of the system, according to an embodiment.

DETAILED DESCRIPTION
[0018] Reference will now be made to several embodiments, examples of which are
illustrated in the accompanying figures. It is noted that wherever practicable similar or like
reference numbers are used in the figures to indicate similar or like functionality. One skilled
in the art will readily recognize from the following description that alternative embodiments
of the structures and methods may be employed without departing from the principles
described.
[0019] Disclosed by way of example are a system and method for determining a liquid
level in a container using an image capture apparatus and a controller. Turning now to FIG.
1, it illustrates one embodiment of a system 100 for determining a level of liquid in one or
more containers 102 containing an unknown quantity of liquid. In the embodiment shown in
FIG. 1, the system 100 includes an image capture apparatus 104, a controller 106, and a

display 107. In other embodiments, the system 100 contains different and/or additional
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elements. In addition, the functions may be distributed among the elements in a different
manner than described.

[0020] The container 102 is used to store liquid reagents that may be used by analytical
instruments or analyzers to test patient samples, such as blood or other liquid. In one
embodiment, the container 102 is formed from a translucent plastic material such as
polypropylene, high density polyethylene, or polyvinyl chloride.

[0021] The image capture apparatus 104 is configured to capture digital images of one or
more containers 102 and transmit the captured images to the controller 106 for analysis. In
one embodiment, the image capture apparatus 104 includes an image sensor including a
solid-state electronic device that captures light transmitted through a lens to form an image.
Example sensor types include a charged coupled device (CCD) and a complementary metal-
oxide-semiconductor (CMOS). The image capture apparatus 104 need not be complicated or
expensive. The simpler digital cameras used in early generations of smartphones can be
used. Lighting for the image capture apparatus 104 depends on the image sensor but can
generally be similar to the ambient daytime lighting (e.g., visible light) of laboratory or office
work spaces.

[0022] The controller 106 receives digital images of one or more containers 102 from the
image captures apparatus 104, extracts an analysis region from the digital image, applies a
gradient filter to the analysis region, determines a location of a minimum gradient value in
the analysis region, and determines a liquid level in the container based on the determined
minimum gradient value, as discussed below with respect to FIG. 5.

[0023] The display 107 receives information about the system 100 and determined liquid
levels in the one or more containers 102 and outputs the received information for display to a
user. In an embodiment, the display 107 is a component (along with the image capture
apparatus 104 and controller 106) of an analytical analyzer (not shown) used to test patient
samples, such as blood or other liquids. In some embodiments, the display 107 is remote
from the system 100 and communicates with the controller 106 via the network 117.
Example displays 107 remote from the system 100 include a smart phone, tablet, laptop
computer, or desktop computer.

[0024] The system 100 is connected through a wired or wireless connection to the
network 117. The network 117 is typically the Internet, but may be any network, including
but not limited to a LAN, a MAN, a WAN, a mobile, wired or wireless network,
telecommunication network, a private network, or a virtual private network, and any

combination thereof. The network 117, if communicating within a room or a building and
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wirelessly, may use Bluetooth, near field communication, WiFi technologies, or similar
methods of communication.

[0025] FIG. 2 is a schematic side view of the containers 102 shown in FIG. 1 as captured
by an image sensor of the image capture apparatus 104, according to an embodiment. FIG. 2
also shows a field of view 118, which is a region detectable by the image capture apparatus
104. Within the field of view 118 are one or more analysis regions 110 used by the controller
106 to determine the liquid level in the container 102. In one embodiment, the field of view
118 of a digital image extends beyond the top and bottom of the container 102, as shown in
FIG. 2.

[0026] FIG. 3 is a high-level block diagram of an embodiment of the controller 106. In
various embodiments, the controller 106 is implemented as part of an embedded end-user
application or as a program executing on a computer (e.g., a server-class computer)
comprising a CPU, memory, network interface, and peripheral interfaces (e.g., a display, a
keyboard), such as the computer shown in FIG. 13. The computer can run on an open-source
operating system (e.g., LINUX) having a high-performance CPU, with 4GB or more of
memory, and 32GB or more of disk storage. Other types of computers can be used, and it is
expected that as more powerful computers are developed in the future, they can be configured
in accordance with the teachings here. The functionality implemented by any of the elements
can be provided from computer program products that are stored in non-transitory tangible
computer accessible storage mediums (e.g., RAM, hard disk, or optical/magnetic media), or
by equivalent implementations in hardware and/or firmware.

[0027] The controller 106 processes digital images from the image capture apparatus 104
by determining a liquid level in a container based on a minimum gradient value in an analysis
region captured in a digital image of the container. In the embodiment shown in FIG. 3, the
controller 106 includes an extraction module 108, an image processor 112, a volume module
114, and data storage 116.

[0028] The extraction module 108 is configured to extract an analysis region 110 from a
digital image of the container 102. The image processor 112 is configured to process the
analysis region 110 from the digital image. The volume module 114 is configured to
calculate a volume fraction and/or a volume of liquid in the container 102. The functionality
of these modules is discussed in more detail below with respect to FIG. 5.

[0029] Data storage 116 includes one or more non-transitory computer-readable media
configured to store the digital image of the container 102 as well as information about the

container 102, such as the type of container 102, a definition of the analysis region 110 for
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the container 102, and a cross-sectional volume of the container 102. Data storage 116 can
be volatile (e.g., RAM) or non-volatile (e.g., a hard drive). In one embodiment, data storage
116 is remote from the system 100 and accessed via the network 117. Alternatively, data
storage 116 is a native component of the system 100. In some embodiments, the data is stored
using techniques such as lookup tables to improve the speed and/or reliability of access.
[0030] FIG. 4 illustrates a method 200 of determining a liquid level of a container 102,
according to an embodiment. The steps of FIG. 4 are illustrated from the perspective of the
controller 102 performing the method 200. However, some or all of the steps may be
performed by other entities or components. In addition, some embodiments may perform the
steps in parallel, perform the steps in different orders, or perform different steps.

[0031] In the embodiment shown, the controller 106 obtains 210 an image of the
container 102 from the image capture apparatus 104. If the controller 106 can determine the
liquid level of multiple types of containers 102, the controller 106 determines 220 the type(s)
of container(s) 102 using container-specific information, as discussed below with respect to
FIG. 5. The controller 106 can receive information about the type of container 102 in many
ways, including, for example, by visible indicia on the image, by an RFID tag on the
container 102, or a signal from one or more physical switches in the container holder. In an
alternate embodiment, the controller 106 does not determine the container type.

[0032] The controller 106 determines 230 the liquid level from the image, as discussed
below with respect to FIG. 5, and outputs 240 the liquid level of the container 102 (e.g.,
through the display 107). Additionally, in some embodiments, the controller 106 alters the
operation of the instrument or takes other corrective action based on the determined liquid
level of the container 102. For example, if the liquid level is below a threshold, the controller
106 may trigger display of a warning to a user, switch the instrument into a liquid-saving
operation mode, submit a requisition or maintenance request for more of the liquid, or the
like.

[0033] FIG. 5 illustrates a computer-implemented method 300 of determining a volume
fraction of liquid in a container 102, according to one embodiment. The steps of FIG. 5 are
illustrated from the perspective of various elements of the system 100 performing the method
300. However, some or all of the steps may be performed by other entities or components.
In addition, some embodiments may perform the steps in parallel, perform the steps in
different orders, or perform different steps.

[0034] In one embodiment, the controller 106 initiates the method 300 responsive to

receiving user input requesting an instrument performs a test that uses a liquid stored in one
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or more of the containers 102. In some implementations, execution of the test is based on an
amount of liquid in the container 102. For example, the controller 106 instructs the image
capture apparatus 104 to capture an image of the container 102 and compares the captured
image to aliquid threshold. If the controller 106 determines, based on the captured image,
that the amount of liquid in the container 102 is equal to or exceeds the threshold amount, the
controller 106 determines (and optionally, outputs an indication) that the test may proceed.
Conversely, if the amount of liquid in the container 102 is less than the threshold amount, the
controller 106 outputs an indication that the test has been halted and that the container should
be replaced or refilled. In alternate configurations, the method 300 runs at startup of the
instrument, periodically at a configurable rate, after each test, or after a pre-determined
number of tests (e.g., after two or more tests) regardless of an amount of liquid in the
container 102.

[0035] The image capture apparatus 104 captures 301 a digital image of the container 102
and sends 302 the digital image to data storage 116. In one embodiment, the digital image is
a grayscale image. Alternatively, if the digital image is a color image, the image processor
112 may convert the color image to grayscale prior to analysis.

[0036] In one embodiment, the extraction module 108 retrieves 303 the digital image
from data storage 116 and identifies 304 the type of container 102 in the image. For
example, a minimum field of view 118 within the image includes one or more analysis
regions 110 and optionally, visible indicia on the container 102 or a container holder (e.g., a
barcode). In embodiments where the system detects liquid levels for more than one container
or type of container, the indicia can identify the container type in the image. In some
embodiments, in which one or more fixed types of containers are used, the indicia identifying
the type of container(s) is stored in data storage 116 separate from the digital image of the
container 102 captured by the image capture apparatus 104. The indicia may be an identifier
used to retrieve information (e.g., a definition of the analysis region, cross-sectional volume,
container type, alarm thresholds) stored in data storage 116 about the container 102. This
information is used when multiple types/sizes of containers 102 are analyzed allowing the
computed liquid level to depend on the identified container characteristics (e.g., two
containers that differ only in length have different total internal volumes).

[0037] In an alternate embodiment, containers are not identified visually, but rather using
asignal triggered by a physical switch. For example, when the container 102 is placed in the
container holder, the container 102 presses on or otherwise activates one or more physical

switches and causes an electrical circuit for each switch to be completed or closed. A small-
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sized container can activate one switch, a medium-sized container can activate two switches,
and a large-sized container can activate three switches. In another example, a unique pattern
of switches is activated for each type of container. The number or pattern of switches
activated for each container type is stored in data storage 116 and may be retrieved by the
controller 106 for use in identifying the container 102 (e.g., if the container 102 cannot be
identified visually). In some embodiments, the container holder is also configured to match a
footprint of a specific container type.

[0038] Alternatively, in embodiments in which the container type is known, the type of
container is pre-stored in data storage 116. Based on the indicia or the one or more activated
physical switches, the extraction module 108 queries 305 the data storage 116 for a definition
(e.g., location or boundaries) of an analysis region 110 of the container 102 in the digital
image. In some embodiments, the analysis region 110 is based in part on a container type
and is defined by x- and y-coordinates of two corners of the analysis region 110.
Alternatively, the analysis region 110 is defined by the x- and y-coordinate of one of the
corners of the analysis region 110 along with a width and height of the analysis region 110.
The extraction module 108 receives 306 the definition of the analysis region 110 and extracts
307 the analysis region 110 from the digital image. In some embodiments, the analysis
region 110 is between about 1 — 50 pixels wide and about 70 — 90% of the height of the
container 102 in the image. In some embodiments, the analysis region 110 is one pixel wide.
The extraction module 108 stores 308 the extracted analysis region 110 in the data storage
116.

[0039] The image processor 112 retrieves 309 the extracted analysis region 110 (as
shown in FIG. 6A and 6B; NxM matrix, I, of intensities) from the data storage 116. In an
embodiment, the image processor 112 sums the row-wise intensities (as shown in FIG. 6C;
Nx1 vector S), computes the column-wise sliding averages of intensities in the extracted
analysis region 110 (as shown in FIG. 6D; column vector A), and computes a first-order
derivative or a gradient of the averages (as shown in FIG. 6E; gradient G). When summing
the row-wise intensities, each element in S is the sum of the values in the corresponding row
in I. When computing the column-wise sliding averages of pixels in the extracted analysis
region 110, column vector A is created by using a sliding m-point window to average the
rows in S. In some embodiments, m is equal to two or more (e.g., two to ten). Each element
in A is the average of m values in S. The vector A has m-1 fewer elements than S. The
gradient G is computed by element-wise subtraction of the rows of A. For example, gradient

G can be computed by subtracting row p-k from row p, for k£ <p < (N-m). In some
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embodiments, the row-wise intensities of the pixels are not summed prior to computing the
column-wise sliding averages and the gradient of the sliding averages is summed along the x-
axis. When the analysis region 110 is one pixel wide, the image processor 112 computes the
column-wise sliding averages of pixels in the extracted analysis region 110 without first
summing the row-wise intensities.

[0040] In some embodiments, the image processor 112 applies 311 a gradient filter (such
as a Sobel filter or a Sobel-Feldman operator) to the analysis region 110 to extract a Sobel
gradient. The gradient filter performs a 2D spatial gradient measurement on the digital image
and emphasizes regions of high spatial frequency that correspond to edges in the images (i.e.,
areas with strong intensity contrasts between pixels). In some embodiments, the image
processor 112 averages the pixels along the x-axis and extracts the Sobel gradient along the
y-axis. Alternatively, the image processor 112 extracts the Sobel gradients along the y-axis
and sums the extracted gradients along the x-axis in the analysis region 110.

[0041] Next, the image processor 112 determines 313 a location of a minimum gradient
value in the extracted analysis region 110. The location of the minimum gradient value
occurs at the air-to-liquid boundary (i.e., the meniscus) of the liquid in the extracted analysis
region 110 (that is, if the meniscus is in the extracted analysis region 110). The location of
the minimum gradient value is determined by searching along the vector of gradient values,
i.e., by searching for a row index or pixel row in a column vector that contains the minimum
value (as shown in FIG. 7). Note that when the level of the liquid is above or below the
analysis region 110, the gradient values will be relatively constant across the row indexes. In
an embodiment in which the Sobel filter is applied to pixels along the y-axis, and the
extracted Sobel gradients are summed along the x-axis, the location of the minimum gradient
value is determined by searching along the vector of summed Sobel gradient values. In an
embodiment in which the image processor 112 averages the pixels along the x-axis and
applies the Sobel filter along the y-axis, the location of the minimum gradient value is
determined by searching along the vector of the extracted Sobel gradient. The image
processor 112 stores 315 the location (i.e., the row index) of the minimum gradient value,
which is the location of the liquid level in the analysis region 110, in data storage 116.

[0042] The volume module 114 retrieves 317 the row index from data storage 116 and
calculates 319 a fraction of liquid (i.e., the liquid level) in the analysis region 110 or an
analysis region fraction (as shown in FIG. 8). In an embodiment, the analysis region fraction
is calculated by dividing the row index by the length of the gradient column vector. The

volume module 114 retrieves 321 from data storage 116 a threshold analysis region fraction
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for the container 102 based on an identifier associated with the container type. The threshold
analysis region fraction indicates the level of liquid at or below which an alert is sent to the
display 107. For example, the alert might indicate that the instrument should not operate
when the liquid is below a specified level, request that additional fluid be added to reduce
instrument down time, or the like. The volume module 114 compares the determined
analysis region fraction associated with the container type with the retrieved threshold
analysis region fraction. In one embodiment, if the determined analysis region fraction for
the container type is below the retrieved threshold, the volume module 114 sends an alert to
the display 107. Alternatively, the volume module 114 does not calculate an analysis region
fraction and instead retrieves 321 a threshold row index for the container based on an
identifier associated with the container type and compares the determined row index to the
retrieved threshold row index. An alert is sent to the display 107 based on the comparison of
the determined row index to the threshold index.

[0043] In yet another embodiment, the volume module 114 determines the volume of
liquid in the container 102 by retrieving 323 a cross-sectional volume of the container 102
from data storage 116 based on the container type. In embodiments in which the container
102 shape varies, the cross-sectional volume of the container will also vary. Thus, for
containers in which the shape varies, the volume module 114 retrieves multiple cross-
sectional volumes. When data storage 116 receives a query from the volume module 114,
data storage 116 uses the container type to retrieve the container cross-sectional volume (s).
The volume module 114 then calculates 325 the volume of liquid in the container 102 by
summing the cross-sectional volumes between the location of the minimum gradient value
(i.e., row index) and the end of the analysis region 110 and adding a constant volume (also
stored based on the container indicia) to account for the liquid below the analysis region 110.
If the calculated volume of liquid is below the threshold volume, an alert is sent.

[0044] The volume module 114 sends 327 the alert for display 329 on the display 107.
The alert can be a message in text, an icon, or any other visual indication. The alert can also
be an audible alert, e.g., a chime or klaxon. Additionally or alternatively, an alert may be
presented in locations other than on the display 107. For example, a warning light on an
automated analyzer instrument may be activated. In some embodiments, in addition to or in
place of an alert, the instrument will not operate further until the volume module 114
determines that the volume of the container 102 is above the threshold. Responsive to the
volume fraction, row index, or volume being above the threshold analysis region fraction,

row index, or volume, a prior requested operation of the instrument proceeds. In some
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embodiments, the display 107 includes a status of the liquid level or volume of the container
102. Such a status is updated with the determined analysis volume fraction or volume.
Furthermore, in some embodiments, the alert causes an operational parameter of the
instrument 100 to be changed (e.g., to reduce an amount of liquid used), a requisition or order
for additional fluid to be sent, or triggering of any other appropriate preventative maintenance
action for the instrument.

[0045] In certain embodiments, the image processor 112 uses the gradient of the averaged
pixels in the analysis region 110 to determine if a container 102 is absent or missing. An
object or shape with a well-defined edge is placed behind the container 102 so that when the
container 102 is absent, the object or shape will be in the analysis region 110 when a digital
image is captured. For example, in an embodiment, one or more white bars or a container
holder with distinct edges is visible in the background when the container 102 is absent.
When the gradient for the analysis region 110 is calculated, it will have a different shape due
to the object or shape in the analysis region 110.

[0046] In an embodiment in which a container holder has a bright and well-defined edge
120 (such as the edge 120 shown in FIG. 10) that is visible when the container 102 is absent
from the container holder, the gradient has a strong positive peak (i.e., a maximum gradient
value as shown in FIG. 9) instead of a negative peak (or minimum gradient value) due to the
well-defined edge 120 of the container holder (as shown in FIG. 10). When present, the
container 102 blocks the edge 120 of the container holder. In an embodiment in which white
bars are placed in the background of the analysis region 110, when the container 102 is
absent (as shown in FIG. 12), the gradient has a strong peak corresponding to the locations of
the white bars within the analysis region 110 (as shown in FIG. 11). Independent of or
simultaneous with the image processor 112 searching along the vector of gradient values for a
minimum gradient value (to determine the liquid level), the image processor 112 can search
along the vector of gradient values for one or more maximum gradient values. Responsive to
identifying the presence of a maximum gradient value (or a strong positive gradient peak),
the image processor 112 sends an alert that the container 102 is absent. Optionally,
responsive to the presence of a maximum gradient value, the controller 106 outputs a volume
of zero.

[0047] FIG. 13 is a block diagram illustrating physical components of a computer 1300
used as part or all of the system 100 of FIG. 1, in accordance with an embodiment.

Mlustrated are at least one processor 1302 coupled to a chipset 1304. Also coupled to the
chipset 1304 are a memory 1306, a storage device 1308, a graphics adapter 1312, and a
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network adapter 1316. A display 1318 is coupled to the graphics adapter 1312. In one
embodiment, the functionality of the chipset 1304 is provided by a memory controller hub
1320 and an I/O controller hub 1322. In another embodiment, the memory 1306 is coupled
directly to the processor 1302 instead of the chipset 1304.

[0048] The storage device 1308 is any non-transitory computer-readable storage medium,
such as a hard drive, compact disk read-only memory (CD-ROM), DVD, or a solid-state
memory device. The memory 1306 holds instructions and data used by the processor 1302.
The graphics adapter 1312 displays images and other information on the display 1318. The
network adapter 1316 couples the computer 1300 to a local or wide area network.

[0049] As is known in the art, a computer 1300 can have different and/or other
components than those shown in FIG. 13. In addition, the computer 1300 can lack certain
illustrated components. In one embodiment, a computer 1300, such as a host or smartphone,
may lack a graphics adapter 1312, and/or display 1318, as well as a keyboard 1310 or
external pointing device 1314. Moreover, the storage device 1308 can be local and/or remote
from the computer 1300 (such as embodied within a storage area network (SAN)).

[0050] As is known in the art, the computer 1300 is adapted to execute computer program
modules for providing functionality described herein. As used herein, the term “module”
refers to computer program logic utilized to provide the specified functionality. Thus, a
module can be implemented in hardware, firmware, and/or software. In one embodiment,
program modules are stored on the storage device 1308, loaded into the memory 1306, and
executed by the processor 1302.

[0051] In sum, the approaches disclosed enable a computer-based system to
automatically detect the level of liquid in a container. These approaches may be
implemented without the addition of a probe or any other physical component inside the
container 102, reducing the likelihood of liquid contamination. This enables greater
automation and efficiency in the operation of various instruments by enabling computer-
based systems to monitor liquid levels in a way of which they were previously not capable.
Furthermore, these approaches are not analogous to the techniques previously used by
humans.

[0052] The foregoing description has been presented for the purpose of illustration; it is
not intended to be exhaustive or to limit the invention to the precise forms disclosed. Persons
skilled in the relevant art can appreciate that many modifications and variations are possible

in light of the above disclosure.
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[0053] Some portions of this description describe embodiments in terms of algorithms
and symbolic representations of operations on information. These algorithmic descriptions
and representations are commonly used by those skilled in the data processing arts to convey
the substance of their work effectively to others skilled in the art. These operations while
described functionally computationally or logically are understood to be implemented by
computer programs or equivalent electrical circuits microcode or the like. Furthermore, it has
also proven convenient at times to refer to these arrangements of operations as modules
without loss of generality. The described operations and their associated modules may be
embodied in software firmware hardware or any combinations thereof,

[0054] Any steps, operations, or processes described herein may be performed or
implemented with one or more hardware or software modules alone or in combination with
other devices. In one embodiment a software module is implemented with a computer
program product comprising a computer-readable medium containing computer program
code which can be executed by a computer processor for performing any or all of the steps
operations or processes described.

[0055] Embodiments may also relate to an apparatus for performing the operations
herein. This apparatus may be specially constructed for the required purposes and/or it may
comprise a general-purpose computing device selectively activated or reconfigured by a
computer program stored in the computer. Such a computer program may be stored in a
non-transitory tangible computer readable storage medium or any type of media suitable for
storing electronic instructions which may be coupled to a computer system bus. Furthermore,
any computing systems referred to in the specification may include a single processor or may
be architectures employing multiple processor designs for increased computing capability.
[0056] Embodiments may also relate to a product that is produced by a computing
process described herein. Such a product may comprise information resulting from a
computing process where the information is stored on a non-transitory tangible computer
readable storage medium and may include any embodiment of a computer program product
or other data combination described herein.

[0057] As used in this specification and the appended claims, the singular forms "a",
"an", and "the" include plural references unless the content clearly dictates otherwise.

[0058] All patents, patent applications, and other published reference materials cited in
this specification are hereby incorporated herein by reference in their entirety.

[0059] Finally, the language used in the specification has been principally selected for

readability and instructional purposes, and it may not have been selected to delineate or



WO 2020/117780 PCT/US2019/064205
13

circumscribe the inventive subject matter. It is therefore intended that the scope of the
invention be limited not by this detailed description but rather by any claims that issue on an
application based hereon. Accordingly, the disclosure of the embodiments of the invention is
intended to be illustrative but not limiting of the scope of the invention which is set forth in

the following claims.
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CLAIMS
What is claimed is:
L. A system for determining a level of liquid in a container, the system comprising:

an image capture apparatus; and
a controller configured to:
receive a digital image of a container from the image capture apparatus, the
container containing an unknown quantity of liquid;
extract an analysis region from the digital image;
calculate gradient values for different positions in the analysis region;
identify a minimum gradient value of the gradient values; and
determine a level of liquid in the container based on the position of the
minimum gradient value in the analysis region.
2. The system of claim 1, wherein the digital image is a color image and wherein the
controller is further configured to convert the color image to grayscale.
3. The system of claim 1, wherein the controller being configured to extract an analysis
region from the digital image comprises the controller being configured to:
identify one or more visible indicia in the digital image;
query a data store for a container type associated with the identified visible indicia;
and
identify a location of the analysis region in the digital image based on the container
type.
4. The system of claim 1, wherein the controller being configured to calculate gradient

values for different positions in the analysis region comprises the controller being configured

to:
sum a plurality of row-wise pixel intensities in the analysis region; and
compute a column-wise average of pixel intensities in the analysis region.
5. The system of claim 1, wherein the controller being configured to calculate gradient

values for different positions in the analysis region comprises the controller being configured

to:
apply a Sobel filter to pixels along a y-axis of the analysis region to extract a Sobel
gradient; and
sum the extracted Sobel gradients along the x-axis of the analysis region.
6. The system of claim 1, wherein the analysis region has a width of one pixel and

wherein the controller being configured to calculate gradient values comprises the controller



WO 2020/117780 PCT/US2019/064205
15

being configured to compute a row-wise intensity gradient of pixels along a y-axis of the
analysis region.
7. The system of claim 1, wherein the controller being configured to determine a level of
liquid in the container comprises the controller being configured to compute a fraction of
liquid in the analysis region by dividing a row index by a length of a gradient column vector
in the analysis region.
8. The system of claim 1, wherein the controller is further configured to:
compare the determined liquid level to a threshold level associated with a container type; and
responsive to determining that the liquid level is below the threshold level associated
with the container type, outputting an alert to a display device.
9. The system of claim 1, wherein the controller is further configured to determine a
volume of liquid in the container based on the liquid level and a stored cross-sectional
volume of the container.
10. The system of claim 1, wherein the controller is further configured to:
compare the determined liquid level to a threshold level associated with a container
type; and
responsive to determining that the liquid level is below the threshold level associated
with the container type, switching an automated analyzer to a liquid-saving
operation mode.
11. A computer-implemented method for determining a level of liquid in a container, the
method comprising:
receiving a digital image of the container from an image capture apparatus, the
container containing an unknown quantity of liquid,
extracting an analysis region from the digital image;
calculating gradient values for different positions in the analysis region;
identifying a minimum gradient value of the gradient values; and
determining a level of liquid in the container based on the position of the minimum
gradient value in the analysis region.
12. The method of claim 11, wherein the digital image is a color image and wherein the
controller is further configured to convert the color image to grayscale.
13. The method of claim 11, wherein extracting an analysis region from the digital image
comprises:

identifying one or more visible indicia in the digital image;
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querying a data store for a container type associated with the identified visible indicia;
and
identifying a location of the analysis region in the digital image based on the container
type.
14. The method of claim 11, wherein calculating gradient values for different positions in
the analysis region comprises:
summing a plurality of row-wise pixel intensities in the analysis region; and
computing a column-wise average of pixel intensities in the analysis region.
15. The method of claim 11, wherein calculating gradient values for different positions in
the analysis region comprises:
applying a Sobel filter to pixels along a y-axis of the analysis region to extract a Sobel
gradient; and
summing the extracted Sobel gradients along the x-axis of the analysis region.
16. The method of claim 11, wherein the analysis region has a width of one pixel and
wherein calculating gradient values comprises computing a row-wise intensity gradient of
pixels along a y-axis of the analysis region.
17. The method of claim 11, wherein determining a level of liquid in the container
comprises computing a fraction of liquid in the analysis region by dividing a row index by a
length of a gradient column vector in the analysis region.
18. The method of claim 11, further comprising:
comparing the determined liquid level to a threshold level associated with a container
type; and
responsive to determining that the liquid level is below the threshold level associated
with the container type, outputting an alert to a display device.
19. The method of claim 11, further comprising determining a volume of liquid in the
container based on the liquid level and a stored cross-sectional volume of the container.
20. The method of claim 11, further comprising:
comparing the determined liquid level to a threshold level associated with a container
type; and
responsive to determining that the liquid level is below the threshold level associated
with the container type, switching an automated analyzer to a liquid-saving

operation mode.



