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SYSTEM AND METHOD TO AUTOMATICALLY OPTICALLY MONITORING FIELD
DEVICES AND ASSESS STATE INFORMATION

TECHNICAL FIELD
[0001] The present disclosure is directed, in general, to a system and method to read field
instrumentation, and more specifically to a wireless system for automatically reading field

instrumentation and/or determining the state of field devices.

BACKGROUND
[0002] Pre-existing facilities such as power plants, oil refineries, steel mills, factories, and the
like include hundreds of instruments, valves, and other devices dispersed throughout the facility.
Most of these devices are not connected to a centralized control system and therefore require
periodic checking or adjustment by plant personnel. This process can be very time consuming
and has the potential for error. Replacing the instruments or other devices with modern
connected instruments or devices can be cost prohibitive as it would require expensive
components, wiring, testing and other effort that is costly. In addition, the replacement of known
working components with new and different instruments or devices can increase the potential for

unexpected operation.

SUMMARY
[0003] A device monitor for monitoring a remote device and for providing data to a separate
system spaced apart from the remote device includes an imaging device positioned to capture an
image of the remote device, a computer proximate to and coupled to the imaging device and
operable to extract an operating parameter from the image, the operating parameter being a text
value, and a transmitter proximate to and coupled to the computer and operable to wirelessly

transmit the operating parameter to the separate system.



WO 2020/086071 PCT/US2018/057274

[0004] In another construction, a system for monitoring the operation of a machine including a
plurality of remote devices and a control system spaced apart from the plurality of remote
devices includes a plurality of device monitors each associated with one of the plurality of
remote devices, each of the plurality of device monitors including an imaging device positioned
to capture an image of an associated one of the remote devices, a computer connected to the
imaging device and operable to extract an operating parameter from the image, the operating
parameter being a text value, a transmitter coupled to the computer and operable to transmit the
operating parameter to the control system, and a power supply operably connected to the
imaging device, the computer, and the transmitter. The system also includes a receiver coupled
to the control system and operable to receive the transmitted operating parameter from each of

the plurality of device monitors.

[0005] In another construction, a method of acquiring data from a remote device and
transmitting that data to a control system includes positioning an imaging device adjacent the
remote device, capturing an image of the remote device with the imaging device, analyzing the
image to extract information regarding a state of the remote device, converting the information to
an operating parameter that is a text value, and wirelessly transmitting the operating parameter to

the control system.

[0006] In another construction, a device monitor for monitoring an object of interest having a
first state and a second state and for providing data to a separate system spaced apart from the
object of interest includes an imaging device positioned to capture an image of the object of
interest, and a computer proximate to and coupled to the imaging device and operable to
determine a current state of the object of interest, the current state being one of the first state and
the second state, and further assigning a first text value if the current state is the first state and a
second text value if the current state is the second state. A transmitter is located proximate to
and coupled to the computer and is operable to wirelessly transmit the text value to the separate

system.

[0007] In another construction, a method of gathering data from an object of interest includes
positioning an imaging device adjacent the object of interest to allow the imaging device to

periodically capture an image, determining an allowable quantity of a substance that can be
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associated with the object of interest, and programming a computer to assign a numerical value
to the image based on a quantity of the substance that is visible in the image and the allowable
quantity of the substance. The method also includes wirelessly transmitting the numerical value
from the computer with a transmitter and powering the imaging device, the computer, and the

transmitter with no more than 1.5 watts of electricity.

[0008] The foregoing has outlined rather broadly the technical features of the present disclosure
so that those skilled in the art may better understand the detailed description that follows.
Additional features and advantages of the disclosure will be described hereinafter that form the
subject of the claims. Those skilled in the art will appreciate that they may readily use the
conception and the specific embodiments disclosed as a basis for modifying or designing other
structures for carrying out the same purposes of the present disclosure. Those skilled in the art
will also realize that such equivalent constructions do not depart from the spirit and scope of the

disclosure 1n its broadest form.

[0009] Also, before undertaking the Detailed Description below, it should be understood that
various definitions for certain words and phrases are provided throughout this specification and
those of ordinary skill in the art will understand that such definitions apply in many, if not most,
instances to prior as well as future uses of such defined words and phrases. While some terms
may include a wide variety of embodiments, the appended claims may expressly limit these

terms to specific embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Fig. 1 is a schematic illustration of a pre-existing facility including a plurality of remote

devices and device monitors.

[0011] Fig. 2 is a schematic illustration of a device monitor suitable for use in the facility of Fig.

1.
[0012] Fig. 3 is an image of a first instrument including several bounding boxes.

[0013] Fig. 4 is an image of a second instrument in the form of an operating fan.
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[0014] Fig. 5 is an image of the second instrument in a non-operating condition.
[0015] Fig. 6 is an image of a third instrument including several bounding boxes
[0016] Fig. 7 is an image of the text extracted from the third instrument for transmission.

[0017] Before any embodiments of the invention are explained in detail, it is to be understood
that the invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the following
drawings. The invention is capable of other embodiments and of being practiced or of being
carried out in various ways. Also, it is to be understood that the phraseology and terminology

used herein 1s for the purpose of description and should not be regarded as limiting.

DETAILED DESCRIPTION
[0018] Various technologies that pertain to systems and methods will now be described with
reference to the drawings, where like reference numerals represent like elements throughout.
The drawings discussed below, and the various embodiments used to describe the principles of
the present disclosure in this patent document are by way of illustration only and should not be
construed in any way to limit the scope of the disclosure. Those skilled in the art will understand
that the principles of the present disclosure may be implemented in any suitably arranged
apparatus. It is to be understood that functionality that is described as being carried out by
certain system elements may be performed by multiple elements. Similarly, for instance, an
element may be configured to perform functionality that is described as being carried out by
multiple elements. The numerous innovative teachings of the present application will be

described with reference to exemplary non-limiting embodiments.

[0019] Also, it should be understood that the words or phrases used herein should be construed
broadly, unless expressly limited in some examples. For example, the terms “including,”
“having,” and “comprising,” as well as derivatives thereof, mean inclusion without limitation.
The singular forms “a”, “an” and “the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Further, the term “and/or” as used herein refers to and

encompasses any and all possible combinations of one or more of the associated listed items. The
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term “or” 1s inclusive, meaning and/or, unless the context clearly indicates otherwise. The
phrases “associated with” and “associated therewith,” as well as derivatives thereof, may mean
to include, be included within, interconnect with, contain, be contained within, connect to or
with, couple to or with, be communicable with, cooperate with, interleave, juxtapose, be

proximate to, be bound to or with, have, have a property of, or the like.

[0020] Also, although the terms "first", "second", "third" and so forth may be used herein to refer
to various elements, information, functions, or acts, these elements, information, functions, or
acts should not be limited by these terms. Rather these numeral adjectives are used to distinguish
different elements, information, functions or acts from each other. For example, a first element,
information, function, or act could be termed a second element, information, function, or act,
and, similarly, a second element, information, function, or act could be termed a first element,

information, function, or act, without departing from the scope of the present disclosure.

[0021] In addition, the term "adjacent to" may mean: that an element is relatively near to but not
in contact with a further element; or that the element is in contact with the further portion, unless
the context clearly indicates otherwise. Further, the phrase “based on” is intended to mean
“based, at least in part, on” unless explicitly stated otherwise. Terms “about” or “substantially”
or like terms are intended to cover variations in a value that are within normal industry
manufacturing tolerances for that dimension. If no industry standard as available a variation of

20 percent would fall within the meaning of these terms unless otherwise stated.

[0022] Fig. 1 schematically illustrates a facility 10 such as a power plant, a steel mill, a paper
mill, and the like. As illustrated, the facility 10 includes operating equipment such as turbines,
blast furnaces, rolling mills, paper cutters, etc. and devices 20 (e.g., gauges, sensors, controls,
switches, etc.) positioned to measure parameters of the equipment 15 or to operate as desired to
support operation of the equipment 15. Many of these facilities 10 were built years or decades
ago and as such include dozens if not hundreds of remote instruments or devices 20 that must be
periodically monitored or adjusted. For example, a power plant may include a stand-alone
hydraulic system that provides pressurized oil to a mechanical control system. The system
pressure may be monitored by a simple pressure gauge attached to a pressure tank. The pressure

of this tank must be checked periodically by plant personnel. In another example, a fan might be
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positioned near other equipment to cool the equipment. The fan may be controlled by a simple
temperature switch positioned near the equipment. The temperature is not actually transmitted to
a central control system 25 and the operating status of the fan is not directly monitored. Rather,
plant personnel periodically inspect the fan to verify that the switch is functioning and that the

fan 1s operating as desired.

[0023] While new controls and gauges are available and could replace the aforementioned
examples, the cost of implementing these new devices 20 in a large plant or facility 10 is
prohibitive. Not only do the devices 20 (e.g., gauges, sensors, controls, switches, etc.) need to be
replaced but often new wiring, tubing, transmission devices, receivers, etc. need to be installed.
In addition, the new data must be provided to a central control system 25 or other device to be
useful. This could require additional programing or a separate stand-alone device 20 that

displays the results.

[0024] Fig. 2 illustrates a device monitor 30 that could be used in conjunction with some or all
the devices 20 of Fig. 1 to gather the important data and deliver it to a user or the central control
system 25. The device monitor 30 of Fig. 2 is positioned to monitor one or both of a meter 35
and a fan 40 and includes an imaging device 45, a computer 50, a transmitter 55, and a power
supply 60. It should be understood that the device monitor 30 is capable of monitoring virtually

any device 20 and should not be limited to the example devices 35, 40 described herein.

[0025] The imaging device 45 is preferably an inexpensive low-power camera capable of
capturing still images. Suitable cameras include chip-based CMOS or other image sensors or
other suitable devices. Low-power imaging devices 45 include cameras that operate on less than
one watt when capturing images. Preferable cameras operate on less than two-hundred
milliwatts of electricity when capturing video at the frame rate of 30 fps. In preferred
constructions, the imaging device 45 is capable of capturing color images as well as video.
However, some constructions operate with a simple imaging sensor capable of capturing only

black and white or gray-scale still images.

[0026] In the construction of Fig. 2, the camera is positioned to image two separate devices 20,
specifically the meter 35 and the fan 40. The imaging device 45 can be positioned to capture the

important areas of both devices 35, 40 in a single image. However, in preferred constructions,
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the imaging device 45 is movably supported to allow movement between two (or more) positions
to capture separate images of each device 35, 40. A simple motor, electrical actuator or other
electrically movable device could be employed to change the position of the imaging device 45.
In some constructions, the imaging device 45 could be positioned to image more than two

devices 20 together or in sequence.

[0027] The computer 50 is connected to the imaging device 45 to receive images captured by the
imaging device 45. The computer 50 illustrated in Fig. 2 includes a central processing unit
(CPU) 65, a storage device 70, and an artificial intelligence (AI) co-processor 75. It should be
noted that the term “computer” as used herein should be interpreted broadly to cover any device
that receives and processes the images captured by the image sensor 45. While the illustrated
computer 50 includes the CPU 65, the storage device 70, and the Al co-processor 75, other
computers 50 may omit one or more of these components or may include additional components

such as additional processors, memory, storage, communication devices, and the like.

[0028] As is well understood, the software aspects of the present invention could be stored on
virtually any computer readable medium including a local disk drive system, a remote server,
internet, or cloud-based storage location. In addition, aspects could be stored on portable devices
or memory devices as may be required. The computer 50 generally includes an input/output
device that allows for access to the software regardless of where it is stored, one or more
processors 65, 75, memory devices, user input devices, and output devices such as monitors,

printers, and the like.

[0029] The processors 65, 75, as discussed may include standard micro-processors 65 and/or the
artificial intelligence accelerator or processor 75 specifically designed to perform artificial
intelligence applications such as artificial neural networks, machine vision, and machine
learning. Typical applications include algorithms for robotics, internet of things, and other data-
intensive or sensor-driven tasks. Often Al accelerators 75 are multi-core designs and generally
focus on low-precision arithmetic, novel dataflow architectures, or in-memory computing
capability. In still other applications, the Al processor 75 may include a graphics processing unit
(GPU) designed for the manipulation of images and the calculation of local image properties.

The mathematical basis of neural networks and image manipulation are similar, leading GPUs to
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become increasingly used for machine leaming tasks. Of course, other processors or
arrangements could be employed if desired. Other options include but are not limited to field-

programmable gate arrays (FPGA), application-specific integrated circuits (ASIC), and the like.

[0030] The computer 50 may also include communication devices, in addition to the transmitter
55, that allow for communication between other computers or computer networks, as well as for
communication with other devices such as machine tools, work stations, actuators, controllers,

sensors, and the like.

[0031] The CPU 65, storage device 70, and Al co-processor 75 cooperate to process images and
extract certain data from the images. In the most common application, the data is in the form of
text or numbers (referred to herein as “text”) that represent an operating parameter being
monitored, measured, or controlled by the device 20. However, other applications can detect
other characteristics from the image. For example, one application determines if the fan 40 is
operating by looking for a blurred or unclear image of the fan blades. In another application, an
infrared imaging device is used to detect heat from a motor powering the fan 40 during

operation.

[0032] As with the imaging device 45, the computer 50 is a low-power device and consumes less
than three watts of electricity during operation. A more preferred computer 50 operates on less

than one watt of electricity and is operated periodically.

[0033] The transmitter 55 is connected to the computer 50 to receive and transmit the operating
parameter or other data from the computer 50 to an external device such as a user, the central
control 25, a secondary control, an internet connection, or a repeater that retransmits the data to
extend the range of transmission. In the illustrated construction, the transmitter 55 includes a
wireless radio 80 and a wired digital interface 85. The term “transmitter” should be read broadly
to include any device or arrangement capable of outputting the operating parameter or other data
received from the computer 50. The transmitter 55 could omit one of the components illustrated
in Fig. 2 or could include additional components such as an analog interface, a cellular
transmitter, an internet connector, and the like. In addition, the transmitter 55 is preferably
capable of receiving external transmissions (i.e., a transceiver) such as instructions, software

updates, and the like.
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[0034] The wireless radio 80 is operable to wirelessly transmit the operating parameter or other
data from the device monitor 30 to an external receiver. In preferred constructions, the wireless
radio 80 is capable of transmission of at least one hundred meters with further transmission being
possible. In addition, repeaters or other components can be positioned throughout the facility 10

to extend the range of the wireless radio 80 if necessary.

[0035] The digital interface 85 could include an RS-485 or similar serial interface that allows for
two-way communication between the device monitor 30 and an external device. While the
digital interface 85 could be used to transmit the operating parameter or other data, it is

preferably provided for other purposes such as software updates and the like.

[0036] As with the image device 45 and the computer 50, the transmitter 55 is a low-power
transmitter 55 that requires less than one watt of electricity during transmission of the operating
parameter or other data. A more preferred transmitter 55 uses less than twenty milliwatts of
electricity to complete the necessary transmissions. Thus, the combination of the computer, the
camera, and the imaging device use less than five watts of power with more preferred systems
operating using less than 1.22 watts. Typical systems operate at a power level of 1.5 watts or

less.

[0037] As described, the device monitor 30 includes low-power features that allow the device
monitor 30 to operate on less than five watts of electricity with more optimized designs using
less than one watt of electricity. The power supply 60 is coupled to each of the imaging device
45, the computer 50, and the transmitter 55 to provide the necessary power for each of these

devices without the need to connect to an external power supply.

[0038] In the construction illustrated in Fig. 2, the power supply 60 includes a photovoltaic (PV)
cell 90 capable of providing at least five watts of electricity at a voltage of five volts or less to
power the imaging device 45, the computer 50, and the transmitter 55. To generate the necessary
power, the PV cell 90 has a surface area of less than thirty square inches (194 square cm) with
larger or smaller PV cells 90 being possible depending on the specific power needs of the device
monitor 30 and the amount of light available at the installation location of the device monitor 30.
In one construction, the PV cell 90 is fifteen square inches (97 square cm). The PV cell 90 1s

positioned and oriented during installation to allow for the capture of energy from whatever light
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source might be available within the facility 10. In some constructions, the PV cell 90 is also
connected to a rechargeable battery 95 that is charged when excess energy from the PV cell 90 is
available. The battery 95 is then capable of providing power to the imaging device 45, the
computer 50, and the transmitter 55 when and if the PV cell 90 is not able to deliver the
necessary power. Still other constructions could operate on batteries alone. However, the need
to periodically replace those batteries would negatively affect the benefits provided by the device

monitor 30.

[0039] Figs. 3-7 illustrate the operation of the device monitor 30. Fig. 3 illustrates an example
of an image 100 captured by the imaging device 45 and transferred to the computer 50 for
processing. The first step performed by the computer 50 is the placement of bounding boxes
105 around text detected in the image 100. The CPU 65, the storage device 70, and the Al co-
processor 75 cooperate to define the bounding boxes 105. In some device monitors 30, the
storage device 70 includes pre-trained models that aid the CPU 65 and Al co-processor 75 in
identifying the text and placing the bounding boxes 105 around the text. The Al co-processor 75
may utilize a neural network or deep learning techniques to enable the placement of the
bounding boxes 105 and to determine which of the bounding boxes 105 contains the desired
data. In some constructions, the device monitor 30 can be trained to determine which bounding
box 105 contains the important data. Alternatively, the device monitor 30 learns the format of
the important text (e.g., five numbers with a decimal point) and looks for a bounding box 105
that contains text that matches the desired pattern. In still other constructions, the correct
bounding box 105 is defined by a user at installation and the remaining bounding boxes 105 are

ignored.

[0040] Once the correct bounding box 105 is identified, the CPU 65 and Al co-processor 75
operate to extract the value of the data from the image 100 (e.g., a number or a word such as
“on”). This process is well known and is commonly referred to as optical character recognition
(OCR). Several different OCR techniques are available including seven segment optical
character recognition (SSOCR) and variations thereof and Tesseract. Tesseract is an open-
source OCR engine able to employ both traditional computer vision and deep learning engines.
Some device monitors 30 may include multiple OCR engines that each run to allow the

comparison of the results to enhance the accuracy of the extracted value.

10
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[0041] The OCR process extracts the operating parameter or other data that is then transferred to
the transmitter 55 for transmission from the device monitor 30. Rather than sending an image,
the text of the operating parameter or other data is sent, thereby requiring a much smaller
transmission. This saves both time and energy, thereby further allowing the device monitor 30 to

operate at very low power levels.

[0042] Figs. 6 and 7 illustrate another image 110 of a meter and the resulting data 115 that is
transmitted to an external device or control system 25. As illustrated, the image 110 includes
several bounding boxes 105 with the bounding box 105 containing the data of interest 115 being
the largest box 105. The computer 50 is either trained or learns to look for this bounding box
105 and to extract the data 115 contained therein. In this example, the data 115 is the number
“1.34”. The computer 50 performs the OCR process and transfers the resulting data 115 to the
transmitter 55. The transmitter 55 then transmits the data 115 (as a number and not an image) to

an external device or control system 25 which displays the data 115 as illustrated in Fig. 7.

[0043] Fig. 4 illustrates another application of the device monitor 30 in which the device monitor
30 captures images of the fan 40 to determine the current state of the fan 40 (i.e., is it on or off).
If the fan 40 includes a light or other indicator, the imaging device 30 could be directed at that
indicator to capture an image. If the imaging device 30 is capable of detecting in the IR
spectrum, the imaging device 30 could be aimed at the motor that drives the fan 40 to detect the
increased temperature during operation. Alternatively, the imaging device 30 1s directed at the
fan blades themselves and captures a still image of the blades. The image is then transferred to
the computer 50 which has been trained to detect something that is not text based. In the case
where the fan 40 has an indicator light, the computer can simply determine if the light is on or
off based on the color or the brightness of the light. The computer 50 would then generate data
indicative of the condition of the light (i.e., the word “on” if the fan 40 is operating and the word

“off” if the fan 40 is not operating).

[0044] In the example of Fig. 4, the fan 40 does not include a textual or text-based indicator (i.e.,
numbers or words) and the computer must determine the state of the fan 40 based on the image
of the blades. In this case, the computer 50 is trained or otherwise learns that when an image of

the fan 120 includes a blurred region in the vicinity of the blades, the fan 40 is in the “on” state.

11
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As an alternative, the computer 50 can perform an edge detection operation in which the
computer 50 attempts to locate an edge 125 of one or more of the blades as illustrated in Fig. 5.
The computer 50 would be trained or would have otherwise learned what the edge 125 or edges
125 should look like. When the fan 40 is operating (Fig. 4), the edges 125 of the blades appear
blurred and cannot be defined. Thus, the computer 50 would generate data indicative of an “on”
state when the edges 125 cannot be identified (i.e., the word “on”) and would generate data
indicative of an “off” state when the edges 125 can be identified (i.e., the word “off”). As
another alternative, the computer 50 can perform an end-to-end object detection using
convolutional neural networks (CNN). A CNN model can be trained to directly map the image
of the fan as matrix of pixels to the state of the fan as in word “on” or “off”. As with the text
transmission of Fig. 3, far less transmission power is required to transmit a short word such as
“on” or “off” than is required to transmit the image of the fan 120. Moreover, by converting
images into word and numbers, the digitized the information can be conveniently integrated into

control system.

[0045] In some constructions, the computer 50 includes an error detection process that reviews
the captured images 100, 120 for potential errors with the system. For example, if the image
100, 120 1s blurred or partially obscured, the computer 50 could generate data indicative of the
problem. A simple message such as “camera failure” could be transmitted to indicate that the

device monitor 30 should be inspected and repaired or replaced.

[0046] As previously discussed, the imaging device 45, or the device monitor 30 itself, could be
supported for motion between two or more positions or orientations to monitor two or more
devices 20. In another construction, the device monitor 30 is mounted to an autonomous or
semi-autonomous drone such as a land-based vehicle or an aerial drone such as a multi-rotor
helicopter. The drone could be pre-programmed to proceed to waypoints within or around the
facility 10 where images of devices 20 are captured, analyzed, and transferred to an outside
device such as the central control system 25. This system could essentially travel the path

formerly followed by facility personnel to take the necessary readings.

[0047] The foregoing description included several detailed examples. To be clear, the device

monitor 1s capable of monitoring a number of other instruments or conditions and should not be

12
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limited to the examples discussed to this point. In general, most applications of the device
monitor fall into one of four types of applications. These applications can be categorized as

“Boolean Detection”, “Boolean/Value Detection”, “Value Detection”, and “Position Detection”

with some overlap existing between each of these various detection systems.

[0048] In a Boolean detection system, the device monitor is positioned adjacent a device, object,
space, or virtually any feature or component (collectively referred to as “an object of interest”)
that is capable of having two and generally only two states. For example, one Boolean detection
system may be positioned adjacent a door that is either opened or closed. The device monitor
would be trained to determine from an image if the door is opened, which might correspond to
the number one, or if the door is closed, which would then correspond to the number zero. Thus,
only a single digit needs to be transmitted which would require a very small amount of power.
Other examples of a Boolean detection system might include detecting and reporting the status of
a light (i.e,, is it on or off), detecting and reporting the condition of a drain (opened or closed),
and detecting and reporting the presence of a person in a particular space (present, not present).
One of ordinary skill in the art will understand that many other Boolean detection applications

are possible.

[0049] It should be noted, that many features may be capable of more than two states but in a
Boolean detection system only two states are important. For example, a light may have the states
of Off, On (yellow), and On (green). However, a Boolean detection system would detect only if
the light is on or off and would ignore the color of the light. If the color is not important data,

the Boolean detection system may be appropriate.

[0050] Boolean/Value detection systems are closely related to Boolean detection systems. Ina
Boolean/Value detection system the device monitor operates much like a Boolean system to
detect a state of something, but further detects a value associated with the device associated with
the device monitor. For the light example discussed with regard to the Boolean detection
system, if the color of the light is deemed important, the device monitor could determine first if
the light is on or off, and if it is on it would determine the color. Again, the Boolean state could
be reduced to a single digit. In addition, the color could be reduced to a single digit with each

digit representing a particular color. Thus, the device could send two digits to identify the state
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and color of the light. Alternatively, a zero could indicate that the light is off, with numbers 1, 2,

3, etc. each representing the light being on and emitting a particular color.

[0051] In another example, a device monitor could be positioned to monitor the build up of ice

in a problematic location of an air intake for an engine. While a Boolean system could be used,
it would only provide information regarding the presence or lack of ice. The Boolean/Value
detection system is arranged to allow the device monitor to detect the presence of ice but to also
quantify how much ice is present. In one application, the user defines a maximum amount of ice
that is allowable. This value becomes 100 percent. The system then quantifies and reports the
quantity of ice in a percentage of the maximum allowable. Thus, again, the system transmits a
single value (the percent quantity of ice) and uses a minimal amount of power. The system could
also be arranged to transmit an actual image of the ice if the quantity exceeds a predetermined
percentage (e.g., 90 percent). While this uses a significant amount of power, the importance of

the image overrides the importance of maximizing power efficiency.

[0052] Boolean/Value detection systems are typically used in situations where knowing a value
is desirable but where no gauge or measuring device exists to accurately measure that value.
Another application might be the monitoring of corrosion in a particular location. A device
monitor could be positioned to periodically image the location (e.g., once per day) and transmit a

value (e.g., percent of maximum allowable corrosion) to the central control system.

[0053] In yet another example, a Boolean/Value detection system could be used to determine the
number of objects (e,g., people, cows, boxes, cars, airplanes, etc.) in a space. In this
arrangement, a device monitor is positioned to image the desired space. The image is then
analyzed to separate the desired objects and to count those objects. Once counted, a single

integer value can be transmitted to the central control system or other desired device.

[0054] Value detection systems are particularly suited to reading gauges, meters or other devices
that present data as a measured value. In this application, a device monitor is positioned to
image the device and analyze the image to select the region of the image that includes the desired
data and to convert the value to a number rather than an image (e.g., optical character

recognition). A system similar to this was described in detail with regard to Figs. 3, 6, and 7.
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[0055] Value Detection systems are therefore well-suited to extracting data in which the data of

interest 1s produced directly on the device being monitored.

[0056] Position Detection systems are used to detect the position of something and to assign a
number value to that position. In one example, a position detection system is used to determine
the position of a valve. Valves can be arranged to be positioned at any point between opened
and closed (analog) or could have fixed positions such as closed, 25 percent open, 50 percent
open, 75 percent open, and opened (digital). A device monitor is positioned to image a portion
of the valve indicative of the valve position. This could include an actuator handle, a knob, a
selector switch, an actuator arm, or some other component. As with other examples, the device
monitor determines a position of the valve from the image of the component and reports that
value as a number that could be indicative of a valve position or a percentage of open. While
many valves include a scale positioned near the valve to indicate the valve position, a Value
Detection system is not appropriate as there is no single number to read for the valve position.
Rather, the detection system must detect the position of an object (e.g., a pointer) and then must

associate that position with a value.

[0057] As one of ordinary skill in the art will realize, not all potential applications will fit neatly
into one of the categories identified. However, the four categories broadly define the potential

operation of the device monitor.

[0058] While many of the measurements taken by or the data gathered by the device monitor
could possible be gathered using more conventional means, the device monitor provides a very
inexpensive and completely wireless system that can perform the task. The cost of running wires
to the various conventional devices often costs significantly more than the device monitor. In
addition, the very efficient use of power, enhanced by taking only periodic measurements (e.g.,
once per hour, once per day, etc.) assures that the device monitors can be powered by small solar
power cells with minimal light to eliminate the need to change batteries or provide other power

sources.

[0059] The preferred embodiment of the device monitor includes the imaging device, the power
supply in the form of a solar cell, a computer, and a wireless transmitter. The computer

preferably runs Al software that is provided, programmed, or trained for the specific application

15



WO 2020/086071 PCT/US2018/057274

where the device monitor is positioned. While self-learning software could be employed, the
training often is more difficult or complex than simply programming the device to operate as

desired.

[0060] To save power, the entire system can be shutdown between measurement intervals to
allow for the storage of power and the reduction in total power use. In some examples, device
monitors can operate for a week or more with only one hour of light exposure to power the

device.

[0061] It should also be noted that other systems could be used to capture a single image that
includes multiple devices to be analyzed. Data could be extracted from each of the devices such
that a single image 1s used to gather data for two or more devices. In addition, the data extracted
could fall into different categories if desired. For example, one image could extract a Boolean
value for an indicator light, a positional value for a valve handle, an oil level within a sight glass,
and a pump pressure from a pressure indicator. Each value could be extracted, converted to a

textual value, and transmitted with an identifier or in a predefined order.

[0062] In addition, in preferred systems, the computer utilizes the Al co-processor 75 to
facilitate deep-learning, neural networks or other Al techniques to learn the various controls,
objects, devices, or areas that are typically measured such that in some applications little to no

training or programming is required to implement the system.

[0063] Although an exemplary embodiment of the present disclosure has been described in
detail, those skilled in the art will understand that various changes, substitutions, variations, and
improvements disclosed herein may be made without departing from the spirit and scope of the

disclosure 1n its broadest form.

[0064] None of the description in the present application should be read as implying that any
particular element, step, act, or function is an essential element, which must be included in the
claim scope: the scope of patented subject matter is defined only by the allowed claims.
Moreover, none of these claims are intended to invoke a means plus function claim construction

unless the exact words "means for" are followed by a participle.
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CLAIMS

What is claimed is:

1. A system for monitoring the state of a remote object, the system comprising:

an imaging device positioned to capture an image of the remote object;

a computer proximate to and coupled to the imaging device and operable to extract a
textual parameter indicative of a state of the object from the image, the image not including a
textual indication of the state of the object; and

a transmitter proximate to and coupled to the computer and operable to wirelessly

transmit the textual parameter.

2. The system of claim 1, wherein the imaging device includes a camera that 1s

operable to capture a still image of the first device.

3. The system of claim 1, wherein the transmitting device includes a wireless
transceiver.
4. The system of claim 1, further comprising a power supply operable to provide

power to each of the imaging device, the computer, and the transmitter.

S. The system of claim 4, wherein the power supply includes a photovoltaic (PV)

cell having a surface area of no more than 30 square inches (194 square cm).
6. The system of claim 1, wherein the imaging device, the computer, and the
transmitter are coupled to a movable drone to facilitate movement between a plurality of remote

objects.

7. The system of claim 1, wherein the imaging device is movable to capture images

of a second device spaced apart from the first device.
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8. The system of claim 1, wherein the computer is operable to detect an error in the
image and the transmitter is operable to transmit the image in response to the computer detecting

the error.

9. The system of claim 1, wherein the computer, the imaging device, and the

transmitter cooperate to consume less than 1.5 watts of power during operation.

10. The system of claim 1, wherein the computer is operable to extract a second

textual parameter from the image.
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11. A system for monitoring the state of a remote object, the system comprising:

an imaging device positioned to capture an image of the remote object;

a computer proximate to and coupled to the imaging device and operable to extract a
textual parameter indicative of a state of the object from the image;

a transmitter proximate to and coupled to the computer and operable to wirelessly
transmit the textual parameter; and

a photovoltaic power supply coupled to and operable to power each of the imaging

device, the computer, and the transmitter.

12. The system of claim 11, wherein the image does not include a textual indication
of the state of the object.

13. The system of claim 12, wherein the imaging device includes a camera that is

operable to capture a still image of the first device.

14. The system of claim 12, wherein the transmitting device includes a wireless
transceiver.
15. The system of claim 12, wherein the photovoltaic power supply includes a cell

having a surface area of no more than 30 square inches (194 square cm).

16. The system of claim 12, wherein at least one of the imaging devices is movable to

capture images of a second associated device spaced apart from the associated device.
17. The system of claim 12, wherein the computer is operable to detect an error in the
image and the transmitter is operable to transmit the image in response to the computer detecting

the error.

18. The system of claim 12, wherein the computer, the imaging device, and the

transmitter cooperate to consume less than 1.5 watts of power during operation.
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19. A method of acquiring data from a remote object and transmitting that data to a
control system, the method comprising:

positioning an imaging device adjacent the remote object;

capturing an image of the remote object with the imaging device;

analyzing the image to extract textual information regarding a state of the remote object
from the image, wherein the image does not contain textual data indicative of the state of the
remote object; and

wirelessly transmitting the textual information to the control system.

20. The method of claim 19, further comprising moving the imaging device to capture

an image of a second remote device.

21. The method of claim 19, further comprising powering the imaging device, the

computer, and the transmitter with a power supply.

22. The method of claim 21, wherein the power supply includes a photovoltaic (PV)

cell having a surface area of no more than 30 square inches (194 square cm).

23. The method of claim 21, further comprising extracting a second textual

information from the image.

24, A device monitor for monitoring an object of interest having a first state and a
second state and for providing data to a separate system spaced apart from the object of interest,
the device monitor comprising;:

an imaging device positioned to capture an image of the object of interest;

a computer proximate to and coupled to the imaging device and operable to determine a
current state of the object of interest, the current state being one of the first state and the second
state, and further assigning a first value to a text value if the current state is the first state and a
second value to the text value if the current state is the second state; and

a transmitter proximate to and coupled to the computer and operable to wirelessly

transmit the text value to the separate system.
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25. A method of gathering data from an object of interest, the method comprising:

positioning an imaging device adjacent the object of interest to allow the imaging device
to periodically capture an image;

determining an allowable quantity of a substance that can be associated with the object of
interest;

programming a computer to assign a numerical value to the image based on a quantity of
the substance that is visible in the image and the allowable quantity of the substance;

wirelessly transmitting the numerical value from the computer with a transmitter; and

powering the imaging device, the computer, and the transmitter with no more than 1.5

watts of electricity.
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