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Description

SYSTEM AND METHOD FOR DETERMINING FLUID ORIGIN

Technical Field

The present disclosure relates to a system and method for
determining the origin of a fluid, and more particularly, to determining the origin

of a fluid based at least in part on spectral data associated with the fluid.

Background

Fluids may be used in machines, for example, to provide an
energy source, reduce friction between parts of the machine, cool parts of the
machine, and/or operate hydraulic actuators. For example, a lubricant may be
used to reduce friction between parts and/or to prevent the accumulation of heat
during operation of the machine. There are a wide variety of machines, and thus,
a wide variety of tluids having different characteristics selected for particular
machines. If a fluid not baving the proper characteristics is used in a machine, it
may lead to premature wear or damage to the machine. For example, an operator
ot service technician of the machine may erroneously add fluid, or replace fluid
in the machine, with fluid having improper characteristics for the machine, which
may lead to premature wear or damage to the machine. It the machine is under
warrantee or subject 10 a service contract, the manutacturer of the machine or a
third party responsible for honoring the warrantee or service contract may suffer
unnecessary expenses associated with repairing or replacing the machine as a
result of the use of an iroproper fluid. However, it 1s often difficult to determine
whether an improper fluid has been added to the machine or to identify the
improper fluid with a high degree of certainty.

An attempt to monitor oil condition or quality is described in
International Publication No. WO 2009/080049 Al (“the "049 publication”™) to
Olsen et al., published July 2, 2009, Specifically, the 049 publication describes
a method and a device for monitoring oil condition and/or quality based on

fluorescence and/or near infrared (NIR) spectra, as well as laboratory reference
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measurements on a set of oil samples. According to the *049 publication, through
the use of chemometric data analysis {i.e, multivariate data analysis), the
spectroscopic signals and patterns are correlated to the laboratory reference
measurements that describe the condition and/or quality of the oil. Based on this
relation, according to the "049 publication, it is possible to predict the reference
measurements and/or conditions of a new oil sample based solely on a
fluorescence and/or NIR spectrum of the sample.

Although the method and device of the ’049 publication are
purported to montitor otl condition and/or quality, they do not purport to be able
to determine the origin of a fluid or identify the fluid. Thus, the method and
device of the “049 publication may not be useful to determine whether an
improper fluid has been added to a machine or used to replace a fluid in the
machine. In addition, the method and device of the "049 publication may not be
able to identify or determine the origin of fluid in the machine.

The system and method disclosed herein may be directed to

mitigating or overcoming one or more of the possible drawbacks set forth above.

Summary

According to a first aspect, a system for determining an origin of a
fluid from a machine may include a spectral measurement device configured to
generate spectral data for a fluid. The system may also include a transmitter in
communication with the spectral measurement device and configured to transmit
the spectral data, and a receiver in communication with the transmitter and
configured to receive a transmission indicative of the spectral data from the
transmitter.  The system may also include one or more processors in
communication with the receiver and configured to cause execution of an
analytical model configured to determine, based at least in part on the spectral
data, fluidic information related to the fluid, the fluidic wnformation including an
indication of an origin of the fluid. The system may further include an output
device in communication with the processor and configured to output the

indication of the origin of the fluid.
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According to a further aspect, a method for determining an origin

of a fluid from a machine may include generating spectral data for the fluid and
coromunicating the spectral data to one or more processors. The method may
also include executing, via the one or more processors, a fluidic information
model developed by a machine learning engine, the fluidic information model
configured to determine, based at least in part on the spectral data, fluidic
information related to the fluid.  The fluidic information may include an
indication of an origin of the fluid. The method may also include outputiing an
indication of the origin of the fluid.

According to another aspect, a computer-readable storage medium
having computer-executable mstructions stored thereupon which, when executed
by a computer, may cause the computer to receive spectral data for a lubricant
from a machine. The computer-executable instructions may also cause the
computer to execute a thudic information model developed by a machine
learning engine, the fluidic information model configured to determine, based at
least in part on the spectral data, fluidic information related to the lubricant. The
fluidic information may include an indication of an origin of the lubricant. The
computer-executable instructions may also cause the computer to output an

indication of the origin of the lubricant to an output device.

Brief Description of the Drawings

The detailed description is described with reference to the
accompanying figures. In the figures, the left-most digit of a reference number
identifies the figure in which the reference number first appears. The same
reference numbers in different figures indicate similar or identical items.

Fig. 1 illustrates a pictorial flow diagram of an example process
tor determining fluidic information of an example fluid from an example machine
and displaying the fluidic information.

Fig. 2 illustrates an example system including an example flow of
information for determining fluidic information of an example fluid from an
example machine and displaying the fhudic information via an example display.

Fig. 3 is an exarople transmittance spectrum of an example fluid.
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Fig. 4 is a block diagram of an example process for outputting an

indication of the origin of a fluid.

Detalled Description

Fig 1 ilustrates a pictorial flow diagram of an example process
100 for determining fluidic information of an example fluid 102 from an example
machine 104 and displayving the fluidic information. The fluid 102 may inclade,
for example, one or more of fuel, lubricants, coolants, and/or hydraulic fluid used
by machines. Other types of fluids are contemplated. The example machine 104
shown in FIG. 1 is an excavator. However, the machine 104 may be any type of
machine configured to operate with moving parts, such as, for example, a
generator, an internal combustion engine, a transmission, an automobile, a truck,
an agricultural vehicle, and/or a construction vehicle, such as, for example, a
dozer, a skid-steer loader, a grader, an on-highway truck, an off-highway truck,
and/or any other machine known to a person skilled in the art.

As shown in FIG. 1, the example process 100 may include
communicating a portion of the fluid 102 to a spectral measurement device 106
configured to generate spectral data 108 associated with at least a portion of the
fluid 102, In some example embodiments, the speciral measurement device 106
may be incorporated into the machine 104, for example, such that it is not
necessary to reroove the portion of the fluid 102 from the machine and transport
the portion of the fluid 102 to the spectral measurement device 106 at a location
remote from the machine 104. For example, the machine 104 may include a
reservoir for containing at least a portion of the fhud 102 and/or fluid passages
through which at least a portion of the fluid 102 may flow, and the spectral
measurement device 106 may be in flow communication with the reservoir and/or
one or more of the passages. In some such example embodiments, the flow
communication between the machine 104 and the spectral measurement device
106 may be selectively controlled, for example, via a valve that may be operated
manually and/or automatically, and/or which may be controlied on-site or
remotely via one or more networks, for example, such as the network(s)

described herein.
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In some example embodiments, the spectral measurement device

106 may be located remotely from the machine 104, such that, for example, a
portion of the fluid 102 is withdrawn from a portion of the machine 104 {(e.g,,
trom a reservoir and/or a fluid passage) and transported to a location at which the
spectral measurement device 106 1s present.  Such a location may be in the
vicinity of the machine 104 (e g., at a job-site) or remote from the machine 104
and requiring shipment of the portion of the flmd 102 withdrawn from the
machine 104 to a location at which the spectral measurement device 106 is
present.

The spectral measurement device 106 may be any type of spectral
measurement device known to those skilled in the art as being configured to
receive a fluid sample and generate spectral data associated with the fluad. For
example, the spectral measurement device 106 may include, for example, a
spectrometer, a spectrophotometer, a spectroscope, and/or a spectrograph
configured to measure properties of electromagnetic radiation associated with a
substance {e.g., a fluid), for example, over at least a portion of the
electromagnetic spectrum.  In some example embodiments, the spectral
measurement device may be configured to generate one or more of a
transmittance spectrum (e.g., an infrared spectrum) or an emission spectrum
associated with the fluid. For example, the spectral measurement device 106 may
include an infrared spectrometer configured to generate an infrared spectrum
associated with the fluid 102, For example, the spectral measurement device 106
may be configured to generate a near-infrared spectrum associated with the fluid
{e.g., from 4,000 to 14,000 cm’'), a mid-infrared spectrum associated with the
fluid {e.g., from 400 to 4,000 cm '), and/or a far-infrared spectrum associated
with the fluid {e.g., from 10 to 400 cm™).

In some example embodiments, the spectral measurement device
106 may be configured to be used in a hand-held manner. For example, the
spectral measurement device 106 may be compact and sufficiently light-weight
for a person or machine to carry the spectral measurement device on-site in the

vicinity of the machine 104, In some such example embodiments, a person or
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machine carrying the spectral measurement device 100 may communicate a
portion of the fluid 102 directly from the machine 104 into the spectral
measurement device 106, for example, as described herein. Once the portion of
the fluid 102 has been communicated to the spectral measurement device 106, in
some example embodiments, the spectral measurement device 106 may generate
the spectral data 108 on-site or remotely from the machine 104, In some example
embodiments, the spectral measurement device 106 may not be portable, for
example, such as a spectral measurement device 106 in a laboratory setting or in
a service center setting.

As shown in FIG. 1, the spectral data 108 may be communicated
to one or more processor(s) 110 configured to cause execution of an analytical
model 112 configured to determine, based at least in part on the speciral data 108
{e.g., a transmittance spectrum {e.g., an infrared spectrum) and/or an emission
spectrum), fluidic information 114 related to the fluid 102, In some exarnple
embodiments, the analytical model 112 may be developed by a machine learning
engine, for example, as described herein with respect to FIG. 2.

In some example embodiments, the fhudic information 114 may
include an indication of an origin of the fluid 102, For example, the indication of
the origin of the tluid 102 may include information related to one or more of an
entity that manufactured the tfluid 102, a brand associated with the fluid 102, a
tradename and/or trademark under which the fliud 102 1s marketed, and/or a
geographic source of the fluid 102, In some example embodiments, the
analytical model 112, based at least in part on the speciral data 108 {eg., a
transmittance spectrum {e.g , an infrared spectrum) and/or an emission spectrum),
may be configured to determine the fluidic information 114, which may include
information related to an item designation of the fluid 102, and the item
designation may include one or more of a designation indicative of a type of the
fluid {(e.g, a lubricant, coolant, hydraulic fluid, fuel, etc), a designation
indicative of a viscosity of the fluid (e.g., for a lubricant), a designation indicative
of additives in the fluid (e g, for a lubricant or fuel), or a designation of a grade

of the fluid {e.g, for a lubricant). In some example embodiments, the item
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designation may include a part number and/or item number associated with the

fluid 102, for example, a unique textual identifier, a unique numeric identifier, or
a unique alphanumeric identifier associated with the fhind 102, In some example
embodiments, the spectral data 108 may include an emission spectrum associated
with the fluid 102, and the fluidic information 114 may nclude, for example, an
indication of detection of a contaminate in the fluid 102 or detection of metal in
the fluid 102, For example, the analvtical model 112 may be configured to
detect, based at least in part on the spectral data 108 (e.g., an emission spectrum),
a contaminate in the fluid and/or detect metal in the fluid.

The processor(s} 110 may operate to perform a vartety of
functions, as set forth herein. In some examples, the processor(s) 110 may
include a central processing unit (CPU), a graphics processing unit (GPU), both
CPU and GPU, or other processing units or components known in the art.
Additionally, at least some of the processor(s) 110 may possess local memory,
which also may store program modules, program data, and/or one or more
operating systems. The processor(s) 110 may interact with, or include, computer-
readable media, which may include volatile memory {e.g., RAM), non-volatile
memory {e.g., ROM, flash memory, miniature hard drive, memory card, or the
like}, or some combination thereof. The computer-readable media may be non-
transitory computer-readable media.  The computer-readable media may be
configured to store computer-executable instructions, which when executed by a
computer, perform various operations associated with the processor(s} 110 to
perform the operations described herein. The cutput device 120 may also include
additional components not listed above that may perform any function associated
with the output device 120,

Example embodiments may be provided as a computer program
ttern including a nou-transitory roachine-readable storage medium having stored
thereon instructions {(in compressed or uncompressed form} that may be used to
program a computer {or other electronic device) to perform processes or methods
described herein. The machine-readable storage medium may include, but is not

limited to, hard drives, tloppy diskettes, optical disks, CD-ROMs, DVDs, read-
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only memories (ROMs), random access memories (RAMs), EPROMs,

EEPROMs, flash memory, magnetic or optical cards, solid-state memory devices,
or other types of media/machine-readable medium suitable for storing electronic
instructions. Further, example embodiments may also be provided as a computer
program item including a transitory machine-readable signal (in compressed or
uncompressed form). Examples of machine-readable signals, whether modulated
using a carrier or not, include, but are not limited to, signals that a computer
system or machine hosting or running a computer program can be configured to
access, including signals downloaded through the Internet or other networks.

As shown in FIG. 1, the spectral data 108 may be communicated
to the one or more processor{s) 110, either directly {(e.g, as schematically
depicted by the arrow 116) or via one or more network(s) 118, For example, the
spectral data 108 may be communicated directly via a hard-wired connection to
the one or more processor(sy 110, which may be an integral part of the spectral
measurement device 100, may be located in the same general vicinity as the
spectral measurement device 106 (e.g., in the same room or the same building),
or may be located remotely from the spectral measurement device 106, but in
communication via a hard-wired conuection. Io at least some example
embodiments in which the spectral data 108 may be communicated to the one or
more processor(s) 110 via one or more network(s) 118, the one or more
network(s) 118 may include any type of network, such as a public wide-area-
network (WAN) (eg., the Internet), which may utilize various different
technologies including wired and wireless techuologies.

Once generated by the analytical model 112, the fluidic
information 114 may be communicated to an output device configured to output
the indication of the origin of the fluid 102 and/or other fluidic information. For
example, as shown in FIG 1, the fluidic information 114 may be communicated
to an output device 120 configured to display the indication of the origin of the
fluid 102 and/or other fluidic information, either directly {e.g., as schematically
depicted by the arrow 122) or via the one or more network(s) 118, which may be

the same or different than the one or more networks(s) 118 that may be used to
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comimunicate the spectral data 108 to the one or more processor{s} 110. For

example, the fluidic information 114 may be communicated directly via a hard-
wired connection to the output device 120, which may be an integral part of a
device associated with the one or more processor(s) 110, may be located in the
samne general vicinity as the one or more processor{s) 110 {(e.g., in the same room
or the same building), or may be located remotely from the one or more
processor(s) 110, but in communication via a hard-wired connection,

As shown tn FIG. 1, in some example embodiments, the output
device 120 may be a hand-held device configured to be portable by a person 124,
For example, the output device 120 may include any computer device including a
transceiver for sending and receiving signals, for example, via the one or more
network(s) 118, For example, the output device 120 may be configured to
display a user interface configured to display a representation of the fluidic
information 114, In some examples, the fluidic information 114 may be
communicated, either directly or via the one or more network(s) 118, to an output
device 120 at a service center 126, which may be, for example, a location at
which the condition, operation, and/or maintenance of the machine 104 may be
monitored, or at which service and/or maintenance of the machine 104 may be
performed, such as, for example, a location associated with the manufacturer of
the machine and/or a location associated with a third party responsible for
fultilling a service and/or maintenance contract associated with the machine.

Fig. 2 illustrates an example system 200 including an example
flow of information for determining fluidic information 114 of an example fluid
102 from an example machine 104 and displaying the fluidic information 114 via
an example output device 120 As shown in FIG. 2, a portion of fled 102 from
the machine 104 may be communicated to a spectral measurement device 106
configured to generate spectral data 108 associated with at least a portion of the
fluid 102, for example, as described herein.

As shown in FIG. 2, in some example embodiments, the spectral
data 108 may be communicated via a transmitter 202 to the one or more

processor(s) 110, either directly or via the one or more network(s) 118. The
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systems 200 may also include a receiver 204 in communication with the one or

more processor(s) 110 and configured to receive the spectral data 108 from the
transmitter 202 via the one or more network{s) 118, for example, as described
herein. In some example embodiments, the one or more processor(s) 110 may
include a machine learning engine 206 configured to develop a fluidic
information model 208 configured to determine, based at least in part on the
spectral data 108 (e.g., a transmittance spectrum {(e.g., an infrared spectrum}
and/or an emission spectrum}, the fluidic information 114 related to the fluid 102,
tor example, an indication of an origin of the fluid 102, Although FIG. 2
schematically depicts the machine learning engine 206 and the fluidic
information model 208 as part of the same processor(s) 110 block, the machine
learning engine 206 may be in one or more processors that are different from the
one or more processors in which the fluidic information model 208 is executed.

For example, the system 200 may communicate the spectral data
108 to the fluidic information model 208, and the fluidic information model 208
may, in some example embodiments, generate the fluidic information 114, based
at least in part on the spectral data 108. In some such example embodiments, the
machine learning engine 206 may be used to train the fluidic information model
208, which may be configured to generate the fluidic information 114, In some
examples, the machine learning engine 206 may be used to train the fluidic
information model 208 via fluid information training data 210 used as ground
truth data, for example, correlating characteristics of the spectral data 108 with
fluidic information 114, including an indication of the origin of the fluid. In
some example embodiments, the fluid information training data 210 may include
data associated with a plurality of previous interactions, and/or other feedback or
interaction with the fluidic information model 208, such as, for example, the
fluidic information 114 generated by the fluidic information model] 208,

In some example embodiments, confidence levels may be
associated with the fluidic information 114, and the confidence levels may
provide an indication of the relative confidence of the accuracy of the fluidic

information. In some example embodiments, the confidence levels may be
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cominunicated to the output device 120 for display with {or independent of) the

fluidic information 114. In some example embodiments, confidence levels may
be provided for each of one or more of the types of information included in the
tluidic information 114, such as, for example, information related to an origin of
the fluid 102, an item designation of the fhud 102, an indication of the of a type
of the fluid {e g, a lubricant, coolant, hydraulic fluid, fuel, etc ), a designation
indicative of a viscosity of the fluid (e g, for a lubricant), a designation indicative
of additives in the fluid (e.g., for a lubricant}, and/or a designation of a grade of
the fluid (e.g., for a lubricant). The machine learning engine 206 may employ
one or mote algorithms, such as supervised learning algorithms (e.g., artificial
neural networks, Bayesian statistics, support vector machines, decision trees,
random forest, classifiers, k-neargst neighbor, etc), unsupervised learning
algorithms (e.g., artificial neural networks, association rule learning, hierarchical
clustering, cluster analysis, etc.), semi-supervised learming algorithms, deep
learning algorithms, etc.

As shown in FIG. 2, in some example embodiments, the fluidic
information model 208 may be configured to receive fluidic data 212 related to
the fluid 102, and determine, based at least in part on the spectral data 108 and
the fluidic data 212, the fluidic information 114 {(e.g., an indication of the origin
of the fluid 102). For example, the fluidic data 212 may include data related to
one or more of time of operation of the machine 104 (e g., during which the fluid
102 1s in the machine 104}, viscosity of the fluid 102, density of the fluid 102,
temperature of the fluid 102 {eg during operation of the machine 104), a
dielectric constant of the fluid 102, oxidation of the fluid 102, nitration of the
fluid 102, sulfation of the fluid 102, or soot in the thnd 102. Other types of
fluidic data 212 are contemplated. In some example embodiments, the fluidic
data 212 may be determined based at least in part on the spectral data 108 and/or
provided by other sources of information relating to the fluidic data 212.

As shown in FIG. 2, in some example embodiments, the fluidic
information 114, along with the corresponding spectral data 108, may be

communicated and added to the fluidic information training data 210, for
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example, so that the fluidic information 114 and corresponding spectral data 108

may be used to further train the fluidic information model 208, which may
improve the accuracy of the fluidic information model 208 with use or over time.
In some example embodiments, if the confidence level associated with the
accuracy of the fluidic information 114 is below a threshold, such fluidic
information 114 may not be communicated to the fluidic information training
data 210 or the effect of such fluidic information 114 on training the machine
learning engine 206 may be discounted, for example, based at least in part on the
confidence level.

As shown in FIG. 2, the fluidic information 114 may be
communicated to an output device 120 configured to output the indication of the
origin of the thud 102 and/or other fluidic information. In some example
embodiments, the fluidic information may be communicated via a transmitter in
communication with the one or ruore processor{s) 110 and the output device 120,
For example, in some example embodiments, the receiver 204 may be a
transceiver, and the transceiver may be configured to comrunicate the fluidic
information 114 to the output device 120. In some example embodiments, the
fluidic information 114 may be communicated to a fluidic information archive
214 for storage as, for example, predicted fluidic information for possible later
use. The fluidic information archive 214 may be stored in memory together with,
or separate from, other memory associated with the system 200,

As shown in FIG. 2, in some example embodiments, the ocutput
device 120 may include a display device 216 configured to display the indication
of the origin of the fluid 102 and/or other fluidic information. For example, the
display device 216 may include a display associated with a computer configured
to display a user interface 218, for example, as shown in FIG. 2. For example,
the user interface 218 may include a banner 220 configured to display an
identifier associated with the fluid 102 corresponding to the spectral data 108
generated by the spectral measurement device 106 (e.g., “Fluidic Information
Fluid Sample A”), and a fluidic information field 222 configured to display the

fluidic information 114 associated with the tluid 102, such as, for example, the
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fluidic information 114 described herein. The display of other types of fluidic

information and associated information is contemplated.

Fig. 3 is an example of spectral data 108 including a transmittance
spectrum of an example fluid 102, In the example shown in FIG. 3, the spectral
data 108 includes the percent transmittance 300 (% T) on a vertical axis and a
wavenumber 302 (cm™) on a horizontal axis. The example spectral data 108
shown in FIG. 3 ranges from 4000 c¢cm” to 500 cm™'.  Other ranges are
contemplated. In the example shown, the spectral data 108 includes an example
plot 304 of the percent transmittance 300 of the example fluid 102 (“Fluid
Sample A7) versus the wavenumber 302, The example plot 304 includes several
points 306, 308, 310, and 312 that may be umque to, characteristic of, and/or
indicative of the fluidic information 114 associated with the example fluid 102,
For example, the point 306 indicates the example fluid 102 has zero transmittance
ranging from about 3000 cm™ to about 2800 cm™!, and at point 308, a relatively
constant and high transmittance of about 40% ranging from about 2100 cm™ to
about 175 cm!, before dropping steeply beginning at about 1750 cm™ to zero
transmittance slightly below about 1500 cm™. At point 310, the example fluid
102 has a transmittance spike at about 1450 cm™ to about 13% transmittance, and
at point 312 a peak transmittance of about 42 % at about 700 cm™. One or more
of the points 306, 308, 310, or 312, and/or other characteristics of the example
plot 304, may be unique to the example fluid 102, and the analytical model 112
{e.g., the fluidic information model 208) may be configured to generate the
fluidic information 114 based at least in part on one or more unigue aspects of the
plot 304, either alone or in addition to other information, such as, for example,
the fluidic data 212, as described herein.

FIG. 4 illustrates an example process for outputting an indication
of the origin of a fluid. This process is iHustrated as a logical flow graph,
operation of which represents a sequence of operations, at least some of which
may be implemented in hardware, software, or a combination thereof. In the
context of software, the operations represent computer-executable instructions

stored on one or more computer-readable storage media that, when executed by
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one or more processors, perform the recited operations. Generally, computer-

executable instructions include routines, programs, objects, components, data
structures, and the like that perform particular functions or implement particular
abstract data types. The order in which the operations are described s not
intended to be construed as a limitation, and any number of the described
operations can be combined in any order and/or in parallel to implement the
process.

FIG. 4 illustrates a flow diagram of an example process 400 for
outputting an indication of the origin of a fluid based at least in part on spectral
data (e.g., a transmiftance spectrum {(e.g., an infrared spectrum) and/or an
emission spectrum) associated with the tluid, for example, as described herein.
The following actions described with respect to FIG. 4 may be performed, for
example, as illustrated with respect to FIGS. 1 and 2.

The example process 400, at 402, may include generating spectral
data for the fluid. For example, generating spectral data for the fluid may inchude
coramunicating the fluid to a spectral roeasurement device and generating via the
spectral measurement device the spectral data for the fhmd, for example, as
described herein. Tn some example embodiments, communicating the fluid to the
spectral measurement device may include removing a sample of the fluid from
the machine and introducing the sample of the fluid to the spectral measurement
device, for example, as described herein. In some example embodiments,
communicating the fluid to the spectral measurement device may include
operating a valve configured to facilitate the flow of fluid from one or more of a
fluid reservoir of the machine or one or more fluid passages of the machine to
provide flow communication to the spectral measurement device, for exaruple, as
described herein. In some example embodiments, generating the spectral data for
the fluid may include geverating one or more of a transmittance spectrum (e.g.,
an infrared spectrum, for example, generated via an infrared spectrometer) or an
ernission spectrum for the fluid, as described herein.

At 404, the process 400, in some examples, may include

communicating the spectral data to one or more processors. For example,
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communicating the spectral data to the one or more processors may inchude

wirelessly communicating the spectral data to a location remote from the spectral
measurement device, for example, as described herein.

At 4006, the example process 400 may include executing, via the
one or more processors, a fluidic information model developed by a machine
learning engine, the fluidic information model being configured to determine,
based at least in part on the spectral data, fluidic information related to the fluid.
In some example embodiments, the flutdic information may include an indication
of an origin of the fluid. In some example embodiments, executing the fluidic
information model may include executing the fluidic information model to
determine an item designation of the fluid based at least in part on the spectral
data {e.g., a transmittance spectrum and/or an emisston spectrum), and the item
designation may include, for example, at least one of a designation indicative of a
type of the fluid, a designation indicative of a viscosity of the fluid, a designation
indicative of additives in the fluid, or a designation of a grade of the fluid. In
some example embodiments, the spectral data may include an emission spectrum,
and executing the fluidic information model includes executing the fluidic
information model to at least one of detect a contaminate in the fluid or detect
metal in the fluid. In some example embodiments, the example process 400 may
include communicating to the one or more processors fluidic data associated with
the fluid, and executing the fluidic information model to determine, based at least
in part on the spectral data and the fluidic data, the origin of the fluid. The fluidic
data may include, for example, information related to at least one of time of
operation of the machine, viscosity of the fluid, density of the fluid, temperature
of the fluid, a dielectric constant of the fluid, oxidation of the fluid, nitration of
the fluid, sulfation of the fluid, or soot in the fluid.

The example process 400 may also include, at 408, outputting an
indication of the origin of the fluid and/or other fluidic information. In some
example embodiments, outputting an indication of the origin of the fluid and/or
the fluidic information may include communicating the fluidic information, either

directly or via one or more networks, to an output device at a service center,
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which may be, for example, a location at which the condition, operation, and/or

maintenance of the machine may be monitored, or at which service and/or
maintenance of the machine may be performed. In some example embodiments,
the output device may be a hand-held device configured to be portable by a
person. For example, the display device may be any type of device configured to
convey fluidic information to a person, such as, for example, a device configured

to display a user interface displaying a representation of the fluidic information.

Industrial Applicability

The exemplary system and method of the present disclosure may
be applicable to a variety of fluid types and may be used to determine, based at
least in part, on spectral data of the fluid, fluidic information associated with the
fluid, such as, for example, the origin of the fluid. For example, the fluid types
may include, for example, lubricants, coolants, hydraulic fluid, fuel, etc. The
otigin of the fluid may include, for example, a brand associated with the fluid, a
tradename and/or trademark under which the fluid 15 marketed, and/or a
geographic source of the fluid. In some example embodiments, the system and
method may be used to determine, based at least in part on the spectral data, other
fluidic information, for example, as described herein, such as, for example, an
item designation of the fluid. The item designation of the fluid may include one
or more of a designation indicative of a type of the fluid (eg., a lubricant,
coolant, hydraulic fluid, fuel, etc.}, a designation indicative of a viscosity of the
fluid, a designation indicative of additives 1n the fluid, or a designation of a grade
of the fluid. In some example embodiments, the item designation may include a
part number and/or item number associated with the fluid, for example, a unique
textual identifier, a unique numeric identifier, or a unique alphanumeric identifier
associated with the fluid.  In some example embodiments of the system and
method, the flutdic information may be determined based at least in part on the
spectral data and tluidic data related to the fluid. The fluidic data may include
data related to one or more of time of operation of the machine {e.g., during
which the tluid is in the machine), viscosity of the fluid, density of the fluid,

temperature of the fluid (e g, during operation of the machine), a dielectric
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constant of the fluid, oxidation of the fluid, nitration of the fluid, sulfation of the

fluid, soot in the fluid, or other types of fluidic data. The fluidic data may be
determined based at least in part on the spectral data of the fluid and/or provided
by other sources of information relating to the fluidic data.

Determining fluidic information associated with a fluid may be
useful in many situations. As noted above, fluids may be used in machines, for
example, to provide an energy source, reduce friction between parts, provide a
coolant, and/or to operate hydraulic actuators. There are a wide variety of
machines, and thus, a wide variety of fluids having different characteristics
selected for particular machines. If a fluid not having the proper characteristics is
used in a machine, it may lead to premature wear or damage to the machine. Ifa
machine exhibits premature wear or damage, it may be due at least in part to the
use of fluid not having the proper characteristics for the intended use. However,
it may be difficult to determine whether an improper fluid was added to the
machine or used as a replacement for a proper fluid.  Some example
embodiments of the system and method disclosed herein may render 1t possible to
determine whether a fluid having improper characteristics was added to or used
as a replacement in the machine.

For example, the origin of the fluid may be an indication of the
brand, manufacturer, and/or source of the fluid, which may provide an indication
of whether a fluid having the correct characteristics was used in the machine.
The item designation, in some examples, may provide an indication of whether a
fluid having the correct characteristics was used in the machine, even if the origin
of the fluid is consistent with an origin from which a fluid having the correct
characteristics may be obtained. Other fluidic information, such as the other
tluidic information described herein, may provide other valuable information
about the fluid and/or operation of the machine from which a sample of the fluid
was taken, such as, for example, whether the fluid is past its service life and/or
whether certain types of damage have occurred to parts of the machine. For
example, certain chemical characteristics associated with the fluid sample {e.g.,

unexpectedly high oxidation or soot levels) may be an indication of the fluid
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needing to be replaced. Unexpectedly high levels of metal in the fluid sample

may indicate excessive wear or damage to the machine.

In some example embodiments of the system and method, the
tluidic information may be obtained and reported locally. For example, a sample
of the fluid may be manually withdrawn from the machine and transferred to a
spectral measurement device located in the vicinity of the machine, such as at a
job-site where the machine is being operated. The spectral measurement device
may generate the spectral data of the fluid, which may be communicated to one
or more processors configured to execute the analvtical model configured to
determing the fluidic information based at least in part on the spectral data. In
some example embodiments, the spectral measurement device may be
incorporated into the machine, for example, as discussed herein, and the spectral
data may be generated without removing fluid from the machine. In some
example embodiments, the one or more processors may be located in the vicinity
of the machine and/or the spectral measurement device. In such instances, on-
site service or maintenance personnel may determine the fluidic information. In
some example embodiments, the one or more processors may be located remotely
from the machine, for example, at an off-site service center, and the spectral data
may be communicated to the one or more processors via one or more networks,
for example, as described herein. In such examples, service or maintenance
personnel located remotely from the job-site may be provided with the fluidic
information.

While aspects of the present disclosure have been particularly
shown and described with reference to the embodiments above, it will be
understood by those skilied in the art that various additional embodiments may be
contemplated by the modification of the disclosed machines, systems, and
methods without departing from the spirit and scope of what 1s disclosed. Such
embodiments should be understood to fall within the scope of the present

disclosure as determined based upon the claims and any equivalents thereof
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Claims

1. A system {200) for determining an origin of a thud (102) from a
machine (104), the system comprising:

a spectral measurement device (106} configured to generate
spectral data (108} for a fluid;

a transmitter (202} in communication with the spectral
measurement device and configured to transmit the spectral data;

a receiver (204) in communication with the transmitter and
configured to receive a transmission indicative of the spectral data from the
transmitter;

a processor (110} in communication with the receiver and
configured to cause execution of an avalytical model (112) configured to
determine, based at least in part on the spectral data, fluidic information (114)
related to the fluid, the fluidic information including an indication of an origin of
the fluid; and

an output device {120} in communication with the processor and

configured to output the indication of the origin of the fluid.

2. The system of claim 1, wherein the spectral measurement
device comprises an infrared spectrometer configured to generate a transmittance

spectrum for the fluid.

3. The system of claim 1, wherein the analytical model includes a

tluidic information model developed by a machine learning engine (206},

4. The system of claim 1, wherein the fluid includes a lubricant,
and wherein the processor is further configured to execute the analytical model
and determine an ttem designation of the lubricant based at least in part on the
spectral data, the itermn designation including at least one of a designation

indicative of a type of the lubricant, a designation indicative of a viscosity of the
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lubricant, a designation indicative of additives in the lubricant, or a designation of

a grade of the lubricant.

5. The system of claim 1, wherein the spectral data includes an
emission spectrum, and wherein the processor s further configured to execute the
analytical model and, based at least in part on the emission spectrum, at least one

of detect a contaminate in the {luid or detect metal in the fluid.

6. The system of claim 1, further comprising a coupling
configured to couple the spectral measurement device 10 a machine containing
the fluid and provide flow communication between the spectral measurement

device and the fluid,

7. The system of claim 1, wherein the processor is further
configured to receive fluidic data related to the fluid and execute the analytical
model to determine, based at least in part on the spectral data and the fluidic data,
the origin of the fluid,

wherein the fluidic data includes data related to at least one of
time of operation of the machine, viscosity of the fluid, density of the fluid,
temperature of the fluid, a dielectric constant of the fluid, oxidation of the fluid,

nitration of the fluid, sulfation of the fluid, or soot in the fluid.

8. A method for determining an origin of a fluid (102} from a
machine (104), the method comprising:

generating spectral data (108) for the fluid;

communicating the spectral data to a processor (110},

executing, via the processor, a fluidic information model (208}
developed by a machine learning engine {206), the fluidic information model
configured to determine, based at least in part on the spectral data, fluidic
information (114} related to the fluid, the fluidic information including an

indication of an origin of the tluid; and
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outputting an indication of the origin of the fluid.

9. The method of claim 8§, wherein communicating the spectral
data to the processor includes wirelessly communicating the spectral data to a

5 location remote from a spectral measurement device.

10. The method of claim 8, wherein generating the spectral data

for the fluid includes generating an infrared spectrum for the fluid.
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