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INTERNET OF THINGS GATEWAY SYSTEMS AND METHODS
FOR OIL AND GAS FIELDS

BACKGROUND OF THE DISCLOSURE
Figld of the Disclosure

00011 Aspects of the present disclosure generally relate to hydrocarbon
production, more particularly, {o implementation of wireless sensor packages to

monitor oilfield eguipment.
Description of the Related Art

(0002} in oil and gas upstream exploration and preduction (E&F), Supervisory
Control and Data Acquisition (SCADA) systems have been deployed for many
decades o acquire data from field assets, transmit the data to SCADA control
centers, and provide control feedback to the assets in the field based on sat points
provided by the applications connected to the SCADA systems. These systems
operate mostly based on proprietary protocois (like ModBus), gathering units, and
spacialized communication mechanisms.  This process has led to expensive and
proprietary systems. Upgrades to this architeciure require expensive and expert

personnel on site.

{0003} Thus, there is a need for apparatus and methods of monitoring cilfield

equipment.
SUMMARY OF THE DISCLOSURE

10004] In gt least one aspect, the disclosure relates to integrated methods for daia
acquisition, analysis and transmission from oilfield field assets to production
optimization and back office systems using the modern systems and protocols

associated with the Internset of Things (referred 1o hereinafter as “loT).
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{00051 In at least one aspect, the disclosure relates 1o methods and systems o
employ loT devices, acquire data from these loT devices, transmit daia {o
gateways that network with one another, the gateways then send the data to the
Cloud for further analysis and visualization at the daia centers or in systems
hosted in the Cloud.

{00086] Embodiments of the present disclosure provide a system for an cilfield
operation. The system includes a pumping unit, a sensor positioned to measure
one or more parameters of the pumping unit, and an loT (Intermnet of Things)

gateway including communication protocols for the sensor.

{0007} Embodiments of the present disclosure provide a method for operating
a pumping unit for a wellbore. The method includes measuring one or more
parameters of the pumping unit using a sensor attached to the pumping unit,
fransmitting sensor data from the sensor to an o7 gateway, and analyzing sensor

data o determing health status of the pumping unit.

{0008} Embodiments of the present disclosure provide a non-transitory
computer-readable medium for operating a pumping unit for a wellbore. The
computer-readable medium includes instructions execuiable by one or more
processors o receive sensor data from a sensor coupled to the pumping unit
through a wireless protocel, analyze received sensor data to determine health
status of the pumping unit, and communicate with a controller connected o the
pumping unit and a Supervisory Control and Data Acquisition (SCADA) system via
the Cloud.

100091 This summary is provided to introduce a selection of embodiments that are
further described below in the detailed description. This summary is not intended
to identify key or essential features of the claimed subject matier, nor is it intended

to be used as an aid in limiting the scope of the claimed subject matier..
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] So that the manner in which the above-recited features of the present

2
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disclosure can be understood in detail, a more particular description of the
disclosure, briefly summarized above, may be had by reference o aspects, some
of which are illustrated in the appended drawings. 1 is to be noted, however, that
the appended drawings illustraie only typical aspecis of this disclosure and are
therefore not o be considered limiting of its scope, for the disclosure may admit {o

other equally effective aspects.

o114 FIG. 1 is a system block diagram for the Solution for Production

Optimization in accordance with the present disclosure.

[pe12y FiG. 2 is a system block diagram for Architecture for the Solution for

Production Optimization in accordance with the present disclosure.

[0013) FIG. 3 is a block diagram for the loT Gateway in accordance with the

present disclosure.
DETAILED DESCRIPTION

[0014] In the following description, numerous detaills are set forth to provide an
understanding of the present disclosure. However, it will be understood by those
skilled in the art that the present disclosure may be practiced without these details
and that numerous variations or modifications from the described embodiments

are possibie.

5845} The present disclosure relates to IoT devices, data acquisition from
these 10T devices, transmission of dala o gateways that network with one
another, wherein the galeways are operable o send the data fo the Cloud for
further analysis and visuaiization at the data centers or in systems hosted in the
Cloud.

68486} The confluence of new sensors, IoT, and the Cloud has enabled new
and unique methods to digitize the oiffield through 10T devices. In the following, a
method is described, based on 0T technology, to streamiine the process. The
solution provides open, standardized Application Programming Interfaces (APis)

and ulilizes open, modern loT profocols. The methods hersin provide the
3
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capability to acquire wired and wireless sensor data, analyze the data at the edge
of the architecture, and reliably replicate data and resulis fo an oil and gas
production oplimization system. These back-end optimization systems can be
hosted on-premises in a customer datacenter, or hosted in the Cloud. The
disclosed process, involving sensors, pumping unit controliers, ioT devices, loT
gateways, communication protocols, conirols, and (6T applications are described

in Figure 1.

{0017} FIs. 1 is schematic block diagram of a system 100 in accordance with
the present disclosure. The system 100 includes a pumping unit 110, The
pumping unit 110 may be positioned over a wellhead of a wellbore for direct
production or artificial lift of hydrocarbon production. The pumping unit 110 shown
in Fig. 1 is a reciprocating rod lift (RRL). Embodiments of the present disclosure
may be used on other type of pumping unit, such as vertical pumping units. The
pumping unit 110 is connected to a conirolier 112, which controls the operation of
the pumping unit 110. The controller 112 may be connected through a SCADA
next work to a datacenter 114 and a SCADA system 118 that monitors the

operation of the pumping unit 110.

{0018] The pumping unit 110 includes various moving components. The
relative positions of the moving components may cause the pumping unit 110 to
become off-balance, thus affect the operation. During operation, the pumping unit
110 may develop undesirable conditions, such as pump-off, a phenomenon
reduces the pump efficiency.  Additionally, the moving components are
susceplible to wear down over time, thereby ieading o shut down of the pumping
unit 110,

16049} In some embodiments, one or more sensors 130 are disposed on
pumping unit 110 o measure various parameters of the pumping unit 110, In
some embodiments, the one or more sensors 130 may be disposed on a wrist pin
cap ciose o wrist pin bearings, bearings in the tail, bearings in the saddie, and/or

bearings in the gearbox in a reciprocating rod lift. In some embodiments, the one
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or more sensors 130 may be disposed on the crank arm, the walking beam, or the

drive motor of a reciprocating rod lift.

{6020} The sensor daia can be used to determine the operation condition,
health status of the pumping unit 110, or other applications related to the
production in the wellbore. The one or more sensor 130 may be atiached fo
componenis of the pumping unit 110 to measure vibration, displacement, load,

position, or other suitable parameters of the pumping unit 110.

{06213 In some embodiments, the sensor 130 includes at least one processor,
one or more sensing device, an analog-to-digital converter, a time-to-frequency-
domain converter, and memory. The sensor 130 may further an input/output (I/0)
interface, which may be configured for wired and/or wireless implementations
{e.q., Bluetooth or WiFi in accordance with IEEE 802.11).

{0022 In some embodiments, the sensor 130 includes noise-fillering means
that is suitable for the ¢il and gas industry. For example, the sensor 130 inciudes
a signal processing means configured 10 process signals from motors and pumps
with revolution rates in a range between about 1Hz to about 1k Hz. In some
embodiments, an anaiog filler {e.g., a low-pass filter, which may also be referred
to as an anti-aliasing filter) may be applied before the analog-to-digital converter in
the sensor in an effort to fiker out high frequencies oulside the frequency band of
interest, before these higher frequencies are aliased into the passband by the act
of sampling. For certain aspects, a digital filter {(e.g., a low-pass filter or a notch
filter) may be applied afier the analog-to-digital converter in an sffort 1o remove
unwanted frequencies {(e.g., higher frequencies) from the frequency band of
interest. The digital filier may be implemenied with a digital signal processor

(D3P), which may be a standalone processor or part of another processor.

{6023} In some sembodiment, the sensors 130 are embedded in wellsite
equipment on the slectronic boards with a variety of wireless profocols including
Blustooth protoco! and Wi-Fi protocol in accordance with 1EEE 802,11, In an

embodiment, the sensors 130 are baltery-powered wireless sensors at the

5
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wellsite. The sensors 130 may be rugged, easy-to-install sensor packages used
to delect characteristics, such as bearing wear and out-of-balance conditions, and
communicate the data to the Internet of Things (loT) galeway, such as

Weatherford Internet of Things (loT), via wireless protocol, such as Wi-Fi.

[0024) in some embodiment, the electronic boards, in which the sensors 130
are embedded, includes modules to perform signal processing algorithms 1o filler
out the noise iypical in the oil field environment from measurements of the
sensors 130 In some embodiments, the electronic board comprises a time-to-
frequency-domain converter, the time-to-freguency-domain converter implements
a Fast Fourier Transform (FFT) or a Discrete Fourier Transform (DFT).  In some

embodiments, the electronic board is capable of performing Kalman filtering.

{0025] The noise-filtering means enable deploymeni of wireless sensors
capable of reliably measuring the deterioration of bearing condition, and o report
out-of-balance conditions. There are significant safely and efficiency benefits

associated with this approach.

{0026] The system 100 further includes an loT gateway 120 for communication
with the one or more sensors 130, In some embodiments, the loT gateway 120
also includes communication protocols that aliow the loT gateway 120 o
communicate with mobile devise 140, the conirolier 112, or a production
optimization platform 160. The production optimization platform 180 is located
remotely at a cusiomer sile and the production oplimization platform 160 may is
accessible to customers through remotie stations 170 The loT gateway 120
communicates with the production optimization platform 160 via the Cloud 150
An operator can monitor and control the pumping unit 110 using the production
optimization platform 160 via the Cloud 150 and the ioT gateway 120. in some
embodiments, the SCADA system 118 also communicates with the production

optimization platform 160.



WO 2019/023366 PCT/US2018/043728

{00271 in some embodiment, the sysitem 100 provides a feedback loop to
control and monitor the pumping unit 110 through the one or more sensors 130

and the loT gateway 120.

(6628} in some embodiments, the feedback loop includes the one or more
sensors 130 and the o7 gateway 120, The loT gateway 120 acguires sensor
data from the one or more sensors 130, analyzes the sensor data and dispatches

alerts or other signals to the controlier 112.

{0029} In some embodiments, the feedback loop includes the one or more
sensors 130, the (o7 gateway 120, and the production optimization platform 180
The loT gateway 120 acquires sensor daia from the one or more sensors 130,
transmiis the sensor data to the production optimization platform 180, The
production optimization platform 160 analyzes the sensor date and generates
alerts or other information and sends related information back to the loT gateway
120. The loT gateway 120 then dispatches alerts or other signals to the controller
112.

{0030] in some embodiments, the feedback loop includes the one or more
sensors 130, the [oT gateway 120, the production optimization platform 160, and
the SCADA system 118. The loT gateway 120 acquires sensor data from the one
or more sensors 130, fransmits the sensor data to the preduction optimization
platform 160. The production optimization platform 160 analyzes the sensor date
and generates alerts or other information. The SCADA system 116 may acquire
information from the production optimization platform 160 and dispatch aleris or

other commands to the controller 112.

[0031] FIG. 2 is a system block diagram for Architeciure for the Solution of the
system 100 in accordance with the present disclosure. As shown in Fig. 2, the loT
gateway 120 includes proiocols and sofiware technology stack 202 o be
intfegrated into existing enclosures, or deployed in a separate enclosure at the

wellsite,
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{00323 in some embodiments, the loT gateway 120 may be a small-form-factor,
ruggedized, low-power intel processor computer running a reliable message-
oriented middieware software stack using the Message Queuing Telemsiry
Transport (MQTT) protocol. Technology stack indicates the combination of
programming languages, toois and frameworks that the developers use o creale
web and mobile applications. There are two main components 1o any application,
known as client side and server side, also referred to as front end and back end.
Alternatively, the [oT gateway 120 can be any suitable hardware and software

combination.

0033} FIG. 3 schematically demonsirates more details of the technology stack

202 of the loT Gateway 120 developed for the oil and gas applications.

{0034] in some embodimenis, the ioT gateway 120 includes a Mostquito
MOTT broker 204, which is a Message Oriented Middleware using MQTT for
reliable data replication. The Mosquito MQTT broker 204 is the “publish-and-

subscribe” message hub for the loT gateway 120.

{0035] in some embodiments, the loT gateway 120 provides interfaces to
wireless sensors, such as the sensors 130, for measuring field data, such as, for

example, but not limited to, pumping unit health.

{08381 in some embodiments, the ioT gateway 120 hosts an edge anaivtics
206 for processing raw data and producing health indicators, for example bearing

condition (wear indicaior) and out-of-balance condition.

{08371 in some embodiments, the loT gateway 120 provides a bi-directional
interface 208 (shown in FIG. 3) for pumping unit controliers, such as the controller
112. This interface provides 208 the various communication capabilities. For
example, pumping unit conirollers, such as the controller 112, can poll the loT
gateway 120 on a periodic basis and the loT gateway 120 responds with aleris
and pumping unit health status indicaiors. The alerts and indicators are

fransmitted to a pumping unit controller, such as the controller 112, via the
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ModBus protocol (connected via R8232, RS485 or Ethernet) and back 1o &
datacenter 114 through a traditional SCADA network.

[0038] The loT gateway 120 further provides other dala services, for example,
edge analytics 206, data historian 210, data fransmission channsls (sither over
the intemnet to public or private cloud-based systems or through existing SCADA
networks io datacenters), and remote soffware sysiems 212 for data visualization,

analyiics, production optimization, and workflow management.

[0039] In some embodiments, the loT gateway 120 siso provides a iablet
interface 214 for access at the wellsite {0 data and analytics by service crews
through a handheld user device such as, for example, an Pad™ running an

application designed for such purpose.

[0040] In some embodiments, pumping unit controllers, such as the controller
112, can be polied by the loT gateway 120 on a periodic basis. The dala
collected by the loT gateway 120 is published {0 the Mosquito MQTT broker 204
and subseguently replicated by software, such as data replication service 218, v
a Production Optimization (PO} system, such as the production optimization
platform 180. In some embodiments, the production optimization platform 160 is
Weatherford's ForeSite™ platform. The production optimization platform 160 may
be in the cloud or hosted in a customer datacenter. This scenaric does not
require an expensive SCADA network, and it leverages the Internet for data

fransmission.

{0041} in some embodiments, the 1oT galeway 120 also stores the dats
collected from sensors and connected controliers in a history database 218 on the

0T gateway 120.

(68423 in some embodiments, the loT gateway 120 can store volumes of data,
including analytics resuls, locally, and can respond to query requesis for dala
from the remote production oplimization system, or from a technician using a

handheld device, such as an iPad™ | at the well site.
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{0043] in some embodiments, the middleware in the loT gateway 120 is
designed as a Micro-Service architecture and leverages MQTT publish and
subscribe for reliable siore and forward of raw data, results, history and

commands.

{0044} in some embodiments, the loT galeway 120 can be mansged by

remotely using secure cloud-base management platform.

[0045] In some embodiments, the loT gateway 120 can be rail mounted in a
custom enclosure so that it can withstand harsh environments found in the

gilfields.

{00486] The 10T gateway 120 can be used by customers who have controllers,
but have not been able to invest in SCADA due to cost and complexity. The ioT
gateway 120 can also be used to augment traditional SCADA systems, as these
systems typically cannot support wirgless sensors that utilize protocols other than
ModBus — modern protocols such as TCP/AP, MQTT and HTTP/REST in the case

of a particular embodiment of the Gateway.

{0047} The loT gateway 120 can network with one another via a variety of
networking technigues and protocols. This feature allows fransmission of data

through gateways to land on the nearest backhaul for transmission to the Cloud.

[0048] As shown in FIG 3, data transmitied to the Cloud can be analyzed by
the applications in the loT gateway 120, the SCADA system 116, or the
production optimization platform 160. The feedback loop to the [oT gateway 120

and the industrial equipment controls can provide autonomous operations.

[0049] One benefit of the present disclosure includes establishment of a field
IoT platform capable of more autonomous opseration through edge analytics,
exception reporting, and access o raw data for further analysis. Another benefit of
the present disclosure is compatibility and integration with existing SCADA
systems. Still another benefit of the present disclosure is reduction of

maintenance costs and non-productive time through accurate, reliable and

10
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improved monitoring of pumping unit health. Ancther benefit of the present
disclosure is Reduction in HSE incidents related to traditional hazardous
procedures for diagnosing and remediating pumping unit operational conditions.
An additional benefit of the present disclosure is it presenis a path to long-term

SCADA replacement by moving to Production 4.0 technologies.

{0050] Embodiments of the present disclosure provide a system for an oilfield
operation. The system includes a pumping unit, a sensor positioned to measure
one or more parameters of the pumping unit, and an loT (Intermnet of Things)

gateway including communication protocols for the sensor.

100511 In one or more embodiments, the sensor is embedded in an electronic

board capable of signal processing and performing filter functions.

[0052) In cne o more embodiments, the electronic board comprises a time-to-
frequency-domain converter, the time-to-frequency-domain converter implements

a Fasi Fourier Transform {FFT) or a Discrete Fourier Transform (DFT).

{0083] in one or more embodiments, the electronic board is capable of

performing Kaiman filtering.

{6054) in one or more embodiments, the system further includes an electronic
board configured o transmit wireless signals, wherein the elecironic board is

connected to the sensor.

[0055] In one or more embodiments, the slectronic board is configured t©

transmit signal through Bluetooth technology or Wi-Fi technology.

[00586] in one or more embodiments, the loT gateway and the sensor

communicate through wireless technology.

[0057] In one or more embodiments, the [oT galeway includes a technology
stack applied to the oil and gas applications including communication protocols for
existing production pumps, controllers, data historian, message queuing / brokers,

and edge analvtics.

11
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{0058] in one or more embodiments, the loT galeway includes a dats

transmission means connected to the Cloud.

[6059) in one or more embodimenis, the electronic board includes a signal
processing means configured to process signals from motors and pumps with

revolution rates in a range between about 1Hz o about 1k Hz

15064] In one or more embodiments, the system further includes a controller
connectad o the pumping unit, wherain the loT gateway is connectad o the
controller 1o provide a feedback loop for maintenance and/or control of the

pumping unit.

{06613 in one or more embodiments, the sensor comprises a load sensor and a
position sensor, and the load sensor and the position sensor are configured to

apply dynamometer card for determining health status of the pumping unit.

{0062} in one or more embeodiments, the loT gateway includes an edge
analytics for processing raw data from the sensor and producing health indicators

for bearing condition and oui-of-balance condition.

[0063] In one or more embodiments, the loT gateway comprises a small-form-
factor, ruggedized, low-power processor compuler running a message-oriented
middieware software stack using Message Queuing Telemetry Transport (MQTT)

protocol.

(0064} Embodiments of the present disclosure provide a method for operating
a pumping unit for a wellbore. The method includes measuring one or more
parameters of the pumping unit using a sensor atiached o the pumping unit,
transmitting sensor data from the sensor to an loT gateway, and analyzing sensor

data to determine health status of the pumping unit.

{0065} In ocne or more embodiments, analyzing sensor data is performed in the
loT gateway.
[0066] in one or more embodiments, the method further includes processing

12
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the sensor data and producing health indicators for bearing condition and out-of-

balance condition.

[00867] in one or more embodiments, the method further includes applying a
mobile device in communication with the loT galeway to acquire data from the

SenNsor.

13068] in one or more embodiments, the method further includss
communicating operating commands {0 g controller connecied to the pumping unit

through the 10T gateway.

{0068] Embodiments of the present disclosure provide a non-transilory
computer-readable medium for operating a pumping unit for a wellbore. The
computer-readable medium includes instructions executable by one or more
processors to receive sensor data from a sensor coupled to the pumping unit
through a wireless protocol, analyze received sensor data to determine health
status of the pumping unit, and communicate with a controller connected (o the
pumping unit and a Supervisory Control and Data Acquisition (SCADA) system via
the Cloud.

(0070} Although a few example embodiments have been described in detail
above, those skilled in the art will readily appreciate that many modifications are
possible in the example embodimenis without materially departing from this
disclosure. Accordingly, such modifications are intended to be included within the
scope of this disclosure as defined in the following claims. In the claims, means-
plus-function clauses are iniended to cover the structures described herein as
performing the recited function and not simply structural equivalents, but alsc
equivalent structures. Thus, although a nail and a screw may not be structural
equivalents in that a nail employs a cylindrical surface to secure wooden parts
together, whereas a screw employs a helical surface, in the environment of
fastening wooden parts, a nail and a screw may be equivalent structures. it is the
express intention of the applicant not to invoke 35 U.S.C. § 112, paragraph 6 for

any limitations of any of the claims herein, except for those in which the claim

13
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expressly uses the words ‘means for’ together with an associated function.

{0071} While the foregoing is directed to aspects of the present disclosure,
other and further aspects of the disclosure may be devised without departing from
the basic scope thereof, and the scope thereof is determined by the claims that

follow.

14
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CLAIMS

1. A system for an oilfield operation, comprising:

a pumping unit;

a sensor positioned o measure one or more parameters of the pumping
unit; and

an o7 (Internet of Things) gateway including communication protocols for

the sensor.

2. The system of claim 1, wherein the sensor is embedded in an eleclronic

board capable of signal processing and performing filter functions.

3. The system of claim 2, wherein the glectronic board comprises a time-io-
frequency-domain converter, the time-to-frequency-domain converter implements

a Fast Fourier Transform (FFT) or a Discrete Fourier Transform (DFT).

4. The system of claim 2, wherein the electronic board is capable of

performing Kaiman filtering.

5. The system of claim 1, further comprising:
an electronic board configured to transmit wireless signals, wherein the

electronic board is connecled to the sensor.

6. The system of claim 5, wherein the electronic board is configured fo

transmit signal through Bluetooth technology or Wi-Fi technology.

7. The system of claim 1, wherein the loT gateway and the sensor

communicate through wireless technology.

8 The system of claim 1, wherein the 10T gateway includes a technology

stack applied to the ¢ll and gas applications including communication protocols for

existing production pumps, conirollers, data historian, message queuing / brokers,
18
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and edge analvtics.

9. The system of claim 1, wherein the loT gateway includes a data

fransmission means connected to the Cloud.

10, The system of claim 2, wherein the electronic board includes a signal
processing means configured to process signals from motors and pumps with

revolution rates in a range between about 1Hz to about 1k Hz.

11, The system of claim 1, further comprising:
a controller connected to the pumping unit, wherein the loT gateway is
connected {o the controller to provide a feedback loop for maintenance and/or

control of the pumping unit.

12.  The system of claim 1, wherein the sensor comprises a load sensorand a
position sensor, and the load sensor and the position sensor are configured to

apply dynamometer card for determining health status of the pumping unit.

13. The system of claim 12, wherein the 10T gateway includes an edge
analytics for processing raw data from the sensor and producing heaith indicators

for bearing condition and out-of-balance condition.

14.  The system of claim 1, wherein the {07 gateway comprises a smail-form-
factor, ruggedized, low-power processor computer running a message-oriented
middieware software stack using Message Queuing Telemetry Transport (MQTT)

protocol.

18, A method for operating a pumping unit for a wellbore, comprising:
measuring one or more parameters of the pumping unit using a sensor
attached to the pumping unit;
transmitting sensor data from the sensor {0 an ioT gateway, and

analyzing sensor data o determine health status of the pumping unit.
16
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16.  The method of claim 15, wherein analyzing sensor data is performed in the

0T gateway.

17.  The method of claim 15, further comprising:
processing the sensor data and producing health indicalors for bearing

condition and out-of-balance condition.

18.  The method of claim 15, further comprising:
applying a mobile device in communication with the (0T gateway to acguire

data from the sensor.

18. The method of claim 15, further comprising:
commumnicating operating commands (o a confrolier connectad o the

pumping unit through the o7 gateway.

20. A non-transitory computer-readable medium for operating a pumping unit
for a wellbore, comprising instructions executable by one or more processors {o;

receive sensor data from a sensor coupled to the pumping unit through a
wireless protocol,

analyze received sensor data (o determine health status of the pumping
unit: and

communicate with a controller connected to the pumping unit and g

Supervisory Control and Data Acquisition (SCADA) system via the Cloud.

17
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