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WIRELESS INDUSTRIAL PROCESS MONITOR

BACKGROUND

[0001] The present invention relates to industrial process control or monitoring systems.
More specifically, the present invention relates to wireless process field devices used in such
systems.
[0002] In industrial settings, systems are used to monitor and control inventories and
operation of industrial and chemical processes, and the like. Typically, the system that performs
these functions uses field devices distributed at key locations 1n the industrial process coupled to
control circuitry in the control room by a process control loop. The term "field device” refers to
any device that performs a function 1n a distributed control or process monitoring system,
including all devices used 1n the measurement, control and monitoring of industrial processes.
[0003] Typically, each field device also includes communication circuitry that is used for
communicating with a process controller, other field devices, or other circuitry, over the process
control loop. In some installations, the process control loop 1s also used to deliver a regulated
current and/or voltage to the field device for powering the field device. The process control loop
also carries data, either 1in an analog or digital format.
[0004] In some installations, wireless technologies have begun to be used to communicate
with field devices. Wireless operation simplifies field device wiring and setup. Wireless
installations are currently used in which the field device includes an internal power source.
However, because of power limitations, the functionality of such devices 1s typically limited.
[0005] Typically, field devices are used to sense or control process variables in an industrial
process. However, in some 1nstallations, 1t may be desirable to monitor the local environment of
the field device.

SUMMARY
[0006] An 1ndustrial process monitor for monitoring an industrial process includes a
controller configured to control operation of the industrial process monitor. An ambient
environment sensor 1s configured to sense an ambient environment of the industrial process
proximate the device and responsively provide a sensor output signal. Output circuitry 1s

configured to provide an output based upon the sensor output signal. The controller causes the
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ambient environment sensor to enter a high power mode upon detection of an anomaly and/or
probable anomaly 1n the sensor output signal.

[0007] This Summary and the Abstract are provided to introduce a selection of concepts 1n a
simplified form that are further described below in the Detailed Description. The Summary and
the Abstract are not intended to i1dentify key features or essential features of the claimed subject

matter, nor are they intended to be used as an aid in determining the scope of the claimed subject

matter.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a simplified block diagram showing a process control or monitoring system
for use with the present invention.
[0009] FIG. 2 1s a block diagram showing components in a field device of one embodiment
of the present invention.
[0010] FIG. 3 1s a more detailed block diagram showing components of the field device of
FIG. 2.
[0011] FIG. 4 shows a captured image of an industrial process during low power, low
resolution “*pilot mode” operation.
[0012] FIG. 5 1s an image collected of the industrial process in a low power, low resolution
pilot mode of operation showing an anomaly in the 1mage.
[0013] FIG. 6 1s an 1image captured of industrial process in a high power, high resolution
mode of operation.
[0014] FIG. 7 1s a graph showing the frequency domain of a captured acoustic signal during
a low power, low spectral resolution pilot mode of operation.
[0015] FIG. 8 1s a graph of the frequency domain of captured acoustic data during a high
power, high spectral resolution mode of operation.
[0016] FIG. 9 1s a graph of amplitude versus frequency illustrating a boundary fence.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0017] Many high value monitoring applications which use monitoring techniques such as
video, infrared, ultrasonic and audio require systems that can acquire information at high
sampling rates and/or high resolutions. For example, a low resolution infrared monitoring system
may be capable of monitoring an overall thermal profile. However, in order to specifically

identify a location of a thermal anomaly high resolution 1s required. The capture and analysis of
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high resolution infrared images 1s needed to fully characterize the anomaly and to distinguish 1t
from background noise or from expected thermal changes in the environment. However, the
acquisition and processing of such high resolution 1mages requires significant power. This
quickly depletes the batteries of a self-powered field device such as a wireless field device. A
similar problem exists with other techniques for monitoring an ambient environment, or
example, audio and ultrasonic monitoring. In order to correctly characterize an acoustic event,
high sampling rates are needed in order to analyze the spectral content so that a signal profile can
be compared to a known acoustic signature, for example one which occurs when a system leaks.
[0018] The present invention offers techniques for addressing the above problem. A system
1s provided for monitoring the ambient environment which utilizes both a low power mode that
1s capable of acquiring data at low resolutions and/or sampling rates, and a high power mode that
1s only activated when the low power (pilot) mode detects a signal of potential interest. The
present invention provides a technique for monitoring the ambient environment of an industrial
process and relates to monitoring systems implemented 1n locally or internally powered wireless
field devices. A wireless industrial process monitor 1s implemented 1n a field device and is
configured to monitor an ambient environment in the industrial process. The monitoring may be
through any appropriate ambient environment sensor including video, infrared, acoustic, or
other. Such a sensor requires a high sampling frequency and/or high resolution in order to
characterize and locate events of interest in the local (ambient) environment and to distinguish
sensed signals related to these events from background noise. However, as high resolution and/or
high sampling frequencies require an increased amount of power, a configuration 1s used 1n
which a low energy “pilot mode” 1s implemented for normal operation. In this “pilot mode”, a
low resolution 1nitial measurement 1s obtained. If an anomaly 1s detected based upon this low
resolution initial measurement, a high resolution, high power mode may be entered by the
system. In the high power mode, data 1s collected at a high data rate and/or resolution.
Subsequently, the device may re-enter the “pilot mode™ for continued low power operation.
[0019] FIG. 1 1s a simplified diagram showing an example process control or monitoring
system 10 which includes a control room 12 communicating with field devices 14 and 16
through a wireless gateway 13. Communication between gateway 13 and control room 12 may
be over a wired or wireless communication link. Field device 14 i1s shown coupled to process

piping 18 and field device 16 1s shown coupled to storage tank 20. However, devices 14, 16 may
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be located at any desired location. Devices 14 and 16 include antennas 22 and 24, respectively,
for transmitting and/or receiving information from antenna 26 associated with wireless gateway
13. Devices 14 and 16 communicate using wireless radio frequency (RF) communication links
28, 29 and 30 with each other and with a remote location such as gateway 13. One example
wireless communication protocol 1s the WirelesssHART® protocol in accordance with IEC
62591. Field devices 14 and 16 include components to provide local (internal) power to the
devices without requiring additional wires. For example, device 14 and 16 can include solar
cells and/or batteries for local power.

[0020] As field device 14 and 16 operate using limited power, their processing abilities and
the amount of data which they are capable of transmitting 1s limited. In one aspect, the present
invention includes a wireless field device such as device 14 and 16, which includes the ability to
monitor the ambient environment using an ambient environment sensor. Wireless field devices
which are capable of operating at remote locations that do not require an external power source
are available from, for example, Rosemount Inc. of Chanhassen, MN. Such devices are
configured to measure process variables or obtain other process information and transmit
information using wireless communication techniques such as the WirelessHART® protocol.
[0021] FIG. 2 1s a simplified block diagram showing field device 14 shown in FIG. 1 in
oreater detail. According to this embodiment, field device 14 includes an optional transducer 31,
wireless 1nput/output (communication) circuitry 32, controller 34, power supply circuit 30,
battery 38 and solar panel 40. The transducer 31 can be either a sensor used to sense a process
variable or a control element, such as a valve, which 1s used to control a process variable. The
wireless communication circuitry 32 couples to antenna 22 for communication with gateway 13
over its antenna 26. Optionally, device 14 communicates directly with control room 12. Power
supply circuit 36 1s used to provide power to circuitry within field device 14. The power supply
circuitry 36 can operate using internal power received from solar cell 40 and/or power received
from battery 38. The power supply circuitry 36 can be powered from any type of internal power
source that does not require wiring to a remote power source. The power supply circuitry 36 can
be self-contained within the field device 14 or, in some embodiments, be located externally to
the field device and positioned proximate to the field device. For example, a solar powered unit
can be used to power a transmitter or other field device over a two wire connection which 1s also

used to carry information. In such a configuration, the power supply circuitry can also provide



CA 029b7246 2017-02-03

WO 2016/053440 PCT/US2015/040310

_5_

wireless communication to a remote location. If sufficient power 1s received from solar cell 40,
power supply circuitry 36 can also be used to charge the battery 38. An ambient environment
sensor 74 1s used to monitor the environment of device 14 as explained below 1n more detail.
[0022] FIG. 3 1s a more detailed block diagram of process field device 14 according to an
embodiment of the present invention and shows optional transducer 31 configured as a process
variable sensor which can be used to measure a process variable such as pressure, temperature,
etc. The process variable sensor 31 may be positioned within the housing of device 14 or
external to the housing as illustrated in FIG. 3. Measurement circuitry 52 couples to process
variable sensor 31 and 1s used to pertorm initial signal processing prior to providing a
measurement signal to controller 34. An optional user input 54 1s shown 1n FIG. 3. Similarly, an
optional local output device such as LCD display 56 1s shown.

[0023] Controller 34 1s typically a microprocessor based controller and couples to a memory
60 and a clock 62. The clock 62 determines the operation speed of digital circuitry within field
device 14 and memory 60 1s used to store information. Memory 60 can comprise both
permanent and volatile memory and can be used to store data used during processing,
programming instructions, calibration information, or other information, data or instructions for
use with process device 14. Memory 60 also stores information from sensor 74 as described
herein.

[0024] FIG. 3 also 1illustrates ambient environment sensor 74 1n accordance with one
example embodiment. Ambient environment sensor 74 operates as discussed below in more
detail and 1s configured to sense some aspect of an ambient environment 75 of the field device
14. For example, ambient environment sensor 74 may comprise an image capture device. In such
a configuration, sensor 74 1s configured to capture 1mages from the ambient environment 73.
Similarly, ambient environment sensor may comprise an acoustic or ultrasonic sensor configured
to capture acoustic or ultrasonic signals from environment 735. In another example, sensor 74 1s a
thermal detector configured to capture a thermal image such as an infrared (IR) image. from
environment 75. In one configuration, an optional high resolution sensor 74A 1s provided. In
such a configuration, sensor 74A can be used to capture high resolution 1mages or sample the
environment at a higher data rate than sensor 74.

[0025] As discussed above, the device 14 operates in a “‘pilot mode” obtaining low

resolution/data rate information from sensor 74 during normal operation. A wide area of
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environment 75 can be monitored by sensor 74. For example, it sensor 74 1s an infrared sensor,
sensor 74 can comprise a low power infrared camera which 1s energized periodically to capture
low resolution 1mages such as that shown 1n FIG. 4. Controller 34 analyzes the low resolution
images captured by sensor 74 to determine if there are thermal anomalies present that warrant
capture of additional high resolution images and analysis. This determination can be through any
appropriate technique, for example, a simple pixel comparison of the captured image to a
reference 1mage stored in the memory 60 of device 14. This reference 1mage can be captured
during commissioning of the device, or based upon an input received through circuitry 32 or
local mnput 54. In another example, the reference 1mage 1s transmitted to the device 14 using
wireless communication or the like. The system may contain several reference images in
memory 60 which all depict normal thermal profiles for the specific field of view of the sensor
74. It the acquired 1mage 1s found to match one of the “normal” 1mages, or found through some
other low energy analysis technique to have no thermal anomalies present, the system may enter
into a stand-by mode until the next scheduled low resolution image 1s captured. However, if the
controller 34 determines that the low resolution capture contains a probable thermal anomaly
such as 1llustrated in FIG. 5, the system may enter a high resolution mode. In one configuration,
in the high resolution mode, the sensor 74 enters a high resolution capture mode. In another
example embodiment, a second, high resolution sensor 74A 1s used to capture high resolution
images. In this mode, field device 14 collects one or more high resolution images of the
particular field of view of environment 735 such as illustrated in FIG. 6. These images can then be
further analyzed in order to provide additional characterization of the anomaly including, for
example, the location of the anomaly and temperature. Further, the high resolution image may
be transmitted to a remote location such as control room 12 for further analysis and may be
viewed by an operator.

[0026] A similar technique can be used for an acoustic monitoring system. For example, a
low power pilot mode can be used to acquire acoustic data from the environment 75 at a low
sample rate using sensor 74. The low sample rate data can be quickly analyzed in any
appropriate way, including comparison of the low sample rate data to known normal acoustic
profiles of the area stored in the memory 60 of device 14. FIG. 7 1s a graph of such low sampling
data. This low spectral resolution acoustic data shows an anomaly as 1llustrated in FIG. 7. When

an anomaly 1s detected during the pilot mode, the controller 34 causes the system to enter a high
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sampling rate mode to acquire a high band width acoustic profile of the environment such as
illustrated in FIG. 8. This data may be acquired using the same sensor 74, or may be acquired
using a different sensor 74A configured for high data rate acquisition. After the high data rate
data 1s obtained, the profile can be characterized. For example, the profile can be scaled and
compared to known acoustic events such as leaks, bearing wear, fires, etc.

[0027] FIG. 9 1s a graph 1illustrating one technique for detecting an anomaly 1n an acoustic
signal. FIG. 9 1s a graph of amplitude versus frequency. Graph 80 illustrates a historical
background or boundary “fence” of sensed acoustic signals. This fence 1s one example of a
stored profile. This may be programmed through a learning technique, or by an operator setting
particular frequencies and thresholds. FIG. 9 also 1llustrates a received acoustic signal 82 which
violates the acoustic tence 80. This indicates that an anomaly has occurred in the received
acoustic signal and can trigger a high resolution capture mode. Similar techniques can be used
for RF or other sensing technologies.

[0028] In addition to obtaining high resolution data or data at a higher sample rate, the field
device 14 can operate at a high clock speed, for example, by adjusting clock 62. This allows
controller 34 to operate at a higher speed to analyze the collected data. In one aspect, the system
1s configured to transmit information, for example, wirelessly using communication link 28,
which indicates that the power available from battery 38 is insufficient for continued operation.
For example, although the system 1s capable of continued “‘pilot mode” operation, the stored
energy may be insufficient for the device to enter a high power mode for any significant period
of time. When 1n this condition, the system may automatically transition into an alternate
operating mode. Instead of entering a high spectral resolution mode when triggered, the system
will omit this step and simply alert the user via the wireless network that an uncharacterized
anomaly has been detected.

[0029] An anomaly may be detected using an appropriate technique. As discussed above, the
collected data can be compared to known normal profiles. Other techniques include comparison
of the collected data to thresholds in the time or frequency domain, monitoring for rapid changes
or spikes i1n the collected data, monitoring for sudden drop outs in the collected data. The
analysis may be done 1n the time or frequency domain, or some combination thereof. As used
herein, the term “ambient environment sensor” refers to a sensor which 1s configured to sense an

aspect of the ambient environment of the device 14. These may be image sensors including
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visible and infrared radiation, as well as acoustic sensors including both audible and ultrasonic
acoustic sensors. In one configuration, the ambient environment sensor senses more than just a
single data point, for example, such as a single data point provided by a temperature sensor. The
particular sensor may be configured to operate in two modes of operation, a low power “pilot
mode” for acquiring low resolution and/or low data rate information, as well as a high power
mode for acquiring high resolution and/or high data rate information. In another configuration, a
second ambient environment sensor 1s provided for high resolution/data rate data collection. In
another example configuration, one or more devices 14 are provided for monitoring an
environment 1n the “pilot mode.” Data collected during the “pilot mode” monitoring 1is
transmitted to another location, for example, over communication link 28. This information may
be received at a location which has a larger power source or 1s coupled to line power. The data
can be used to trigger a high power mode 1in which high data rate/high resolution data collection
from a sensor at the remote location. In another example configuration, the anomaly may be
detected 1n one device 14, and a second device, such as device 16 shown 1n FIG. 1, used to
collect the high data rate/high resolution information. Similarly, if the sensor 74 1s directional,
when entering a high data acquisition state, the sensor may be aimed or “zoomed™ into the area
in which the anomaly was detected. Similarly, the sensor 74 may be configured to scan an area
either 1n the “pilot mode™ as well as 1n the high data rate mode.

[0030] Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the invention. As used herein, the ambient
environment sensors preferably are configured to provide an output having a profile. The profile
may be a plurality of pixels such as those which are used to an 1image, a plurality of amplitude or
magnitude values such as from the sampled output of an acoustic sensor, or can be spectral
content such as from an acoustic or image sensor. In the high power mode, the clock 62 can
operate at a higher frequency such that controller 34 operates a faster processing rate. As used
herein, the term ““anomaly” includes an actual anomaly, an impending anomaly as well as a
probably anomaly. A probable anomaly includes an anomaly which 1s more likely than not to
have occurred. However, the threshold for what constitutes “probable” can be selected as

desired.



Claims
What is claimed 1s:
1. A wireless industrial process monitor for monitoring an industrial process, comprising:
a controller configured to control operation of the industrial process monitor;
an ambient environment sensor configured to sense an ambient environment of the
industrial process proximate the process monitor and responsively provide a
sensor output signal, wherein the ambient environment sensor 1s configured to
operate in a low power mode and in a high power mode;
wireless output circuitry configured to provide an output based upon the sensor output
signal;
wherein the controller is configured to detect an anomaly 1n the sensor output signal
based upon at least one of a rapid change and a spike in the sensor output signal in
at least one of a time domain or a frequency domain which is provided by the
ambient environment sensor; and
wherein the controller causes the ambient environment sensor to enter a high power mode

upon detection of an anomaly in the sensor output signal.

2. The wireless industrial process monitor of claim 1 including a clock and wherein the clock 1s
configured to provide a higher clock rate than a clock rate during the low power mode, during

the high power mode.

3. The wireless industrial process monitor of claim 1 including an internal power source

configured to power the wireless industrial process monitor.

4. The wireless industrial process monitor of claim 1 wherein the ambient environment sensor

comprises an image capture device configured to capture an image tfrom the ambient

environment.

5. The wireless industrial process monitor of claim 4 wherein the image capture device is

configured to capture a thermal image.

CA 2957246 2018-10-01
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6. The wireless industrial process monitor of claim 4 wherein the controller is configured to

detect the anomaly based upon a comparison of pixels within a captured 1image.

7. The wireless industrial process monitor of claim 6 including a memory and wherein the

comparison of pixels is based upon a reference image stored in the memory.

8. The wireless industrial process monitor of claim 7 wherein the memory 1s configured to store

a plurality of reference images.

9. The wireless industrial process monitor of claim 1 wherein the controller is configured to
detect an anomaly based upon a comparison of a portion of the sensor output signal to a

threshold.

10. The wireless industrial process monitor of claim 1 wherein the controller is configured to

detect an anomaly based upon a change in the sensor output signal.

[ 1. The wireless industrial process monitor of claim 1 wherein the ambient environment sensor
comprises a first ambient environment sensor configured to sense the ambient environment
during the low power mode of operation and a second ambient environment sensor configured to

sense the environment during the high power mode.

12. A wireless monitoring system including the wireless industrial process monitor of claim 1

and a remote device having a second ambient environment sensor.

13. The wireless industrial process monitor of claim 1 wherein the ambient environment sensor

comprises an acoustic sensor.

14. The wireless industrial process monitor of claim 13 wherein the acoustic sensor comprises an

ultrasonic sensor.

CA 2957246 2018-10-01
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15. The wireless industrial process monitor of claim 1 wherein the ambient environment sensor

enters a high resolution mode when in the high power mode.

16. The wireless industrial process monitor of claim 1 wherein the ambient environment sensor

is directional and is configured to be aimed at the anomaly in the high power mode.

17. The wireless industrial process monitor of claim 1 wherein the ambient environment sensor

comprises an image sensor and wherein a sensed image is enlarged in the high power mode.

18. The wireless industrial process monitor of claim 1 wherein the ambient environment sensor

is configured to operate at a high data rate in the high power mode.

19. A method in a wireless field device in an industrial process control system for monitoring an
industrial process, comprising;
sensing an ambient environment of the industrial process using an ambient environment
sensor operating in a low power mode, to provide a sensor output signal;
providing, by wireless output circuitry, an output to a controller based upon the sensor
output signal;
comparing the sensor output signal from the ambient environment sensor;
detecting, by the controller, an anomaly in the sensor output signal based upon at least
one of a rapid change and spike in the sensor output signal 1n at least one of a time
domain or a frequency domain which is provided by the ambient environment
sensor; and

entering a high power mode in response to detection of the anomaly.

20. The method of claim 19 wherein the comparing is to a stored profile.

21. The method of claim 19 wherein the ambient environment sensor comprises an 1mage sensor.

22. The method of claim 19 wherein the ambient environment sensor comprises an acoustic

SCIISOT,
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23. The method of claim 19 including outputting an alert it there is insufficient power available

to enter the high power mode.

24. The method of claim 19 wherein the ambient environment sensor 1s configured to operate at

a high data rate and /or high resolution in the high power mode.

CA 2957246 2018-10-01
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