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APPARATUS, SYSTEM, AND METHOD FOR INTEGRATING
A WIRELESS NETWORK WITH WIRED FIELD DEVICES
IN A PROCESS CONTROL SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is zrelated to the following
concurrently filed U.S. patent applications:
Serial No. 11/444,044 [DOCKET NO. H0012714-0104]
10 entitled “APPARATUS AND METHOD FOR CONVERTING BETWEEN
DEVICE DESCRIPTION LANGUAGES IN A PROCESS CONTROL SYSTEM”;
Serial No. 11/444,043 [DOCKET NO. H0012717-0104]
entitled “APPARATUS AND METHOD FOR INTEGRATING WIRELESS OR
OTHER FIELD DEVICES IN A PROCESS CONTROL SYSTEM”; and
15 Serial No. 11/444,200 [DOCKET NO. H0012733-0104]
entitled “APPARATUS AND METHOD FOR INTEGRATING WIRELESS
FIELD DEVICES WITH A WIRED PROTOCOL IN A PROCESS CONTROL
SYSTEM” ;
all of which are hereby incorporated by reference.

20

TECHNICAL FIELD

[0002] This disclosure relates generally to control
systems and more specifically to an apparatus, system, and
25 method for integrating a wireless network with wired field

devices in a process control system.
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BACKGROUND

[0003] Processing facilities are often managed using
process control systems. Example processing facilities
include manufacturing plants, chemical plants, crude oil
refineries, and ore processing plants. Among other
operations, process control systems typically interact with
and control various field devices, such as sensors and
actuators, in the processing facilities.

[0004] Wireless technology provides opportunities for
process control systems to reduce instrumentation costs,
such as by reducing the costs of installing and using
sensors or other field devices in a control system. This
reduction may, for example, be useful for less critical
process measurements, where the costs of installing and
using wired field devices may exceed the benefits provided
by those wired field devices. As a specific example,
wireless technology could be used to span certain
obstacles, such as roadways, railways, or certain terrains,
where the cost of using wired field devices cannot be
justified.

[0005] A processing facility often has numerous wired
field devices in its process control system. These wired
field devices may use standard wired protocols to
communicate. However, not all field devices are available
in every standard wired protocol. As a result, different
wired protocols are often intermixed in a process control

system.
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SUMMARY

[0006] This disclosure provides an apparatus, system,
and method for integrating a wireless network with wired
field devices in a process control system.

[0007] In a first embodiment, a system includes a field
unit operable to communicate with a plurality of wired
field devices in a process control system using a first
wired field device protocol. The system also includes a
gateway operable to wirelessly communicate with the field
unit. The gateway 1s also operable to communicate over a
network using one or more sgecond wired field device
protocols. The gateway 1is further operable to convert
between the first wired field device protocol and the one
or more second wired field device protocols.

[0008] In particular embodiments, the gateway is further
operable to permit access to the wired field devices by a
component o©of the process control system that does not
support the first wired field device protocol. The
component of the process control system could include a
process controller, an asset management tool, and/or a
configuration tool. At least one of the field unit and the
gateway may be operable to appear as a multiplexer or
linking device to the component of the process control
system. The first wired field device protocol could
include a Highway Addressable Remote Transducer (HART)
protocol, and the gateway could be operable to cause the
wired field devices to appear as one of Foundation Fieldbus
field devices and Profibus field devices.

[0009] In a second embodiment, an apparatus includes at
least one memory operable to store mapping information
mapping a first application model associated with a first

wired field device protocol and a second application model
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associated with a second wired field device protocol. The
apparatus also includes at least one processor operable to
receive first information wirelessly from a field unit that
is operable to communicate with a plurality of wired field
devices in a process control system. The first information
is associated with the first wired field device protocol.
The at least one processor is also operable to convert the
first information associated with the first wired field
device protocol into second information associated with the
second wired field device protocol using at least some of
the mapping information. In addition, the at least one
processor 1s operable to communicate the second information
over a network wusing the second wired field device
protocol.

[0010] In a third embodiment, a method includes
wirelessly receiving first information from a field unit.
The first information is provided by a plurality of wired
field devices in a process control system. The wired field
devices use a first wired field device protocol to
communicate with the field unit. The method also includes
converting the first information associated with the first
wired field device protocol into second information
associated with the second wired field device protocol. In
addition, the method includes communicating the second
information over a network using the second wired field
device protocol.

[0011] In a fourth embodiment, a computer program is
embodied on a computer readable medium and is operable to
be executed by a processor. The computer program includes
computer readable program code for receiving first
information from a plurality of wired field devices in a
process control system. The first information 1is

associated with a first wired field device protocol. The
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computer program also includes computer readable program
code for wirelessly communicating the first information to
a gateway. The gateway is operable to convert the first
information associated with the first wired field device
protocol into second information associated with a second
wired field device protocol and to communicate the second
information over a network using the second wired field
device protocol.

[0012] Other technical features may be readily apparent
to one skilled in the art from the following figures,

descriptions, and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] For a more complete wunderstanding of this
disclosure, reference 1is now made to the following
description, taken in conjunction with the accompanying

5 drawings, in which:

[0014] FIGURE 1 illustrates an example process control
system according to one embodiment of this disclosure;

[0015] FIGURE 2 illustrates an example wireless gateway
in a process control system according to one embodiment of

10 this disclosure;

[0016] FIGURES 3 through 5 illustrate example
configurations of a wireless gateway in a process control
system according to one embodiment of this disclosure;

[0017] FIGURE 6 illustrates an example device

15 description language (DDL) converter in a process control
system according to one embodiment of this disclosure; and

[0018] FIGURE 7 1illustrates an example method for
integrating a wireless network with wired field devices in
a process control system according to one embodiment of

20 this disclosure.
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DETAILED DESCRIPTION

[0019] FIGURE 1 illustrates an example process control
system 100 according to one embodiment of this disclosure.
The embodiment of the process control system 100 shown in
FIGURE 1 is for illustration only. Other embodiments of
the process control system 100 may be wused without
departing from the scope of this disclosure.

[0020] In this example, the process control system 100
includes multiple wired field devices (FD) 10la-101lm
coupled to each of multiple field units 102a-102n. The
wired field devices 101la-101m represent components in a
process or production system that may perform any of a wide
variety of functions. For example, the wired field devices
101a-101m could represent sensors capable of measuring one
or more characteristics of a process or production system.
The wired field devices 101la-101m could also represent
valves or other actuators capable of performing one or more
actions that alter the process or production system. Each
of the wired field devices 10la-101lm includes any suitable
device or structure for performing one or more functions in
a process or production system.

[0021] Each of the field units 102a-102n is coupled to
multiple wired field devices 10l1a-101lm. Each of the field
units 102a-102n provides wired connections to the field
devices 101la-101m, where the connections are compliant with
a wired field device protocol. For example, a field unit
102a could provide wired connections compliant with a
Highway Addressable Remote Transducer (HART) protocol, a
Foundation Fieldbus (FF) protocol, or a Profibus protocol.
As a particular example, the wired field devices 101la-101m
coupled to the field unit 102a could communicate using the

HART protocol, and the field unit 102a could support the
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HART protocol and function as a HART multiplexer.

[0022] Each of the field units 102a-102n also supports a
wireless interface that allows the field units 102a-102n to
communicate wirelessly with other components in the process
control system 100. For example, the field units 102a-102n
could support the WIRELESS NETWORK FOR SECURE INDUSTRIAL
APPLICATION (WNSIA) protocol from HONEYWELL INTERNATIONAL
INC. Additional information regarding the WNSIA protocol
may be found in the patent applications incorporated by
reference above.

[0023] The wireless interface supported by the field
units 102a-102n provides great flexibility in positioning
and using the wired field devices 10la-101lm. For example,
sensors and actuators in a facility could be wired to a
field unit 102a, and the field unit 102a could communicate
wirelessly with other components in the process control
system 100. This could be particularly wuseful, for
example, if the sensors, actuators, and field unit 102a are
located in an isolated part of a facility (such as a part
of a facility separated from the remainder of the facility
by a roadway, a railway, or the terrain in a given area).

[0024] Each of the field units 102a-102n includes any
suitable device or structure for supporting wired
communications with field devices and wireless
communications with other component(s) of a process control
system. Each of the field wunits 102a-102n could, for
example, include one or more processors and one oOr more
memories storing data and instructions used by the
processor(s). The field units 102a-102n may also include
powering of wired field devices 10la-101lm or the buses that
support them. In addition, each of the field units 102a-
102n could include at least one interface for communicating

with other components, such as an Ethernet interface, a
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serial interface, and/or a radio frequency (RF) or other
wireless interface.

[0025] A process controller 104 controls the operation
of the wired field devices 10la-101m. For example, the
process controller 104 may be capable of receiving data
from one or more of the wired field devices 10la-101lm (such
as sensors) and providing control signals to one or more of
the wired field devices 10la-101m (such as actuators). The
process controller 104 includes any hardware, software,
firmware, or combination thereof for controlling one or
more of the wired field devices 10la-101m.

[0026] In this example, the wired field devices 10la-
101lm communicate with the process controller 104 through
the field units 102a-102n, one or more wireless gateways
106a-106b, and possibly a wireless marshalling panel 108.
Each of the wireless gateways 106a-106b 1is capable of
transmitting information wirelessly to and zreceiving
information wirelessly from the field wunits 102a-102n.
Each of the wireless gateways 106a-106b includes any device
or structure for wirelessly communicating with one or more
of the field wunits 102a-102n. Each of the wireless
gateways 106a-106b could, for example, include one or more
RF transmitters, receivers, or transceivers.

[0027] The wireless marshalling panel 108 facilitates
communication between the wired field devices 10la-101m and
the process controller 104. For example, the wireless
marshalling panel 108 may enable the process controller 104
to communicate with the wired field devices 10la-101m
without requiring the process controller 104 to understand
the communication protocol(s) used by the wired field
devices 10la-101m.

[0028] As a particular example, the process controller

104 could support the HART protocol, where signals for
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field devices are transmitted by the process controller 104
over a multi-conductor cable 110 to a terminal block 112.
The terminal block 112 separates the signalgs for the field
devices into wire pairs 11l4a-114m, where each wire pair is
associated with a different field device. In these
embodiments, the wireless marshalling panel 108 could
convert HART-compliant signals received from the process
controller 104 into messages sent to the wireless gateways
106a-106b. The wireless marshalling panel 108 could also
convert messages from the wireless gateways 106a-106b into
HART-compliant signals sent to the process controller 104.
The use of the multi-conductor cable 110 and terminal block
112 with the HART protocol is for illustration only. Any
other input/output technique and/or communication network
could be used with the HART protocol.

[0029] The wireless marshalling panel 108 could include
any device or structure facilitating communication between
the wired field devices 101a-101m (via the gateways 106a-
106b) and the process controller 104. Additional details
regarding the wireless marshalling panel 108 can be found
in U.S. Patent Application No. 11/394,947 entitled
“APPARATUS, SYSTEM, AND METHOD FOR INTEGRATION OF WIRELESS
DEVICES WITH A DISTRIBUTED CONTROL SYSTEM, ” which is hereby
incorporated by reference. The wireless marshalling panel
108 could support the use of any suitable field device
protocol(s), such as HART, FF HSE, FF H1l, Modbus, Profibus,
and WorldFIP. In this document, the phrase “field device
protocol” refers to any protocol(s) for communicating with
one or more field devices in a control system (whether or
not the field devices of the control system actually use
that protocol).

[0030] A network 118 couples wvarious components in the

process control system 100. The network 118 represents any
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suitable computing or communication network capable of
transporting data, such as one or more local area networks
(LANs), metropolitan area networks (MANs), wide area
networks (WANs), all or a portion of a global network such
as the Internet, or any other communication system or
systems at one or more locations. As particular examples,
the network 118 could represent an RS-485 network or an
Ethernet network. The network 118 could also represent a
redundant set of networks, such as a pair of Ethernet
networks forming a Fault Tolerant Ethernet (FTE) network.

[0031] Each of the wired field devices 10la-101lm could
have any number of operational parameters, such as tunings,
performance statistics, statuses, measurements, and other
data of interest. The number of parameters could be rather
large, such as dozens, hundreds, or even more. For the
process controller 104 to effectively interact with and
control the wired field devices 101a-101m, a device
description language (DDL) file for each wired field device
can be defined. The DDL file for a wired field device
typically represents a text-based or other language file
that describes the characteristics of a field device, such
as the parameters of that field device. The DDL files for
field devices are often generated by the manufacturers of
those field devices.

[0032] Some, many, or all of the DDL files associated
with the field devices 101a-101lm could be generated using a
protocol not supported by another component in the process
control system 100. For example, a field device could
represent a HART device with an associated HART DDL file,
while the process controller 104 may operate using the
Profibus protocol. As shown in FIGURE 1, a DDL converter
120 is capable of converting a DDL file from one protocol

to another. For example, the DDL file associated with a



WO 2007/143421 PCT/US2007/069717

10

15

20

25

30

12

HART field device could be converted into a Profibus DDL
file and/or a FF DDL file. As another example, the DDL
file associated with a WNSIA field device could be
converted into a HART, Profibus, and/or FF DDL file. The
DDL converter 120 could operate using any suitable DDL
files, including source or binary DDL files.

[0033] In this way, a suitable DDL file for each field
device may be available for use in the process control
system 100. For example, the DDL files generated by the
DDL converter 120 could be used in the process control
system 100 to ensure that the process controller 104, an
asset management tool 122, or a configuration tool 124 can
interact with the wired field devices 10la-101lm. The DDL
converter 120 includes any hardware, software, firmware, or
combination thereof for converting information associated
with one DDL to information associated with a different
DDL. In this document, the phrases “device description
language” and “DDL” refer to any text-based or other
language that describes the characteristics of one or more
field device parameters, including known or to-be-developed
standard, proprietary, or other DDLs, electronic DDLsg
(EDDLg), or other files. While shown as forming part of
the process control system 100, the DDL converter 120 need
not reside in a process control system 100. For example,
the DDL converter 120 could be used by a manufacturer that
produces field devices (such as wireless sensors or
actuators) for process control systems. The configuration
tool 124 may represent a tool used to provide configuration
information to components of the process control system
100, allowing the components to be configured or
controlled.

[0034] In one aspect of operation, the wireless gateways

106a-106b communicate with the field units 102a-102n using
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a wireless protocol and with the network 118 using one or
more wired protocols. For example, the wireless gateways
106a-106b could communicate with the field units 102a-102n
using a WNSIA wireless network. The wireless gateways
106a-106b could also communicate over the network 118 using
one or more Ethernet or serial protocols, such as HART, FF,
Profinet, or Modbus.

[0035] In these embodiments, the field units 102a-102n
support both the wireless protocol for communication with
the wireless gateways 106a-106b and one or more wired
protocols for communication with their associated field
devices 10la-101lm. In some embodiments, each of the field
units 102a-102n functions as a multiplexer or linking
device (depending on the wired protocol) for the attached
wired field devices 101a-101lm. For example, the field unit
102a could function as a HART multiplexer providing access
to multiple HART field devices. As another example, the
field unit 102n could function as a FF or Profibus linking
device, which provides access to multiple FF or Profibus
field devices.

[0036] Together, the field wunits 102a-102n and the
wireless gateways 106a-106b allow the wired field devices
101a-101m to access or be accessed by other components of
the process control system 100. This may be done without
requiring those other components to understand the wireless
protocol used by the field units 102a-102n and the wireless
gateways 106a-106b, or even the protocol used by the field
devices 10l1a-101m. For example, from the perspective of
the process controller 104, asset management tool 122, or
configuration tool 124, the wired field devices 101a-101m
may appear as standard HART field devices accessible
through a HART multiplexer. The wired field devices 10la-

101lm could also appear as standard FF or Profibus field
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devices accessible through a FF or Profibus linking device.
The process controller 104, asset management tool 122, and
configuration tool 124 need not have any knowledge of the
wireless protocol used by the field units 102a-102n and the
wireless gateways 106a-106b or the protocol actually used
by the field devices 10la-101m.

[0037] In some embodiments, the wireless gateways 106a-
106b include mapping information or other logic that allows
the field wunits 102a-102n to communicate with other
components in the process control system 100 using one or
more wired protocols. For example, the wireless gateways
106a-106b could convert between the application model of
the wired protocol used by the field unit 102a to
communicate with the field devices 101a-101lm and the
application model(s) of one or more different wired
protocols. From the perspective of other components in the
process control system 100, the field devices 101a-101lm
appear to use any wired protocol supported by the wireless
gateways 106a-106b, such as standard wired protocols like
HART, FF, and Profibus.

[0038] In this way, other components in the process
control system 100 can interact with and control the field
devices 10la-101lm using one or more wired protocols. As a
particular example, the process controller 104, asset
management tool 122, and configuration tool 124 could
interact with HART field devices 101la-101m as if the field
devices 10la-101m supported the FF and Profibus protocols.
These other components in the process control system 100
are not required to support the wireless protocol used by
the field units 102a-102n and the wireless gateways 106a-
106b or the protocol(s) actually supported by the field
devices 10la-101m.

[0039] Moreover, the field devices 101la-101m, field
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units 102a-102n, and wireless gateways 106a-106b could
support multiple wired field device protocols. This may
allow field devices that use different protocols to be used
simultaneously in the process control system 100. In
addition, the use of wireless technology in the process
control system 100 may help to increase the speed or
decrease the delay of control operations by the process
controller 104. For example, the field units 102a-102n
could scan for secondary variables monitored by HART field
devices 10la-101m and for diagnostic reports generated by
the HART field devices 101a-101lm. The field units 102a-
102n may relay this information to the wireless gateways
106a-106b at a higher frequency and with less latency than
traditional wired HART multiplexers could. This may
provide data to the process controller 104 more rapidly.
It may also allow for less-latent notifications to be
provided to an alarm notification and reporting subsystem.
[0040] While this disclosure may use certain wired and
wireless protocols as examples of the protocols that could
be used in the process control system 100, this is for
illustration only. In other embodiments, different
wireless and/or wired protocol(s) could be used in the
process control system 100. Moreover, the wireless and/or
wired protocol(s) used in the process control system 100
could <zrepresent any suitable protocol(s), including
proprietary, standard, or widely-available protocol(s).
[0041] Although FIGURE 1 illustrates one example of a
process control system 100, various changes may be made to
FIGURE 1. For example, a control system could include any
number of field devices (including wired and/or wireless
field devices), field  units, controllers, gateways,
wireless marshalling panels, terminal blocks, tools, and

DDL converters. Also, the system 100 could include any
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number and type of connections between the wireless
marshalling panel 108 and the process controller 104.
Further, FIGURE 1 illustrates one functional division
between components in the system 100. However, wvarious
components in FIGURE 1 could be combined or further
subdivided, such as by combining the asset management tool
122 and the configuration tool 124 into a single physical
unit. Various components could also be omitted from the
system 100 if their functionality is not desired or
required in a particular implementation. In addition,
FIGURE 1 illustrates one operational environment in which a
wireless network may be integrated with wired field
devices. This integration functionality could be used in
any other suitable device or system.

[0042] FIGURE 2 illustrates an example wireless gateway
106a in a process control system 100 according to one
embodiment of this disclosure. The wireless gateway 106a
shown in FIGURE 2 1is for illustration only. Other
embodiments of the wireless gateway 106a could be wused
without departing from the scope of this disclosure. Also,
for ease of explanation, the wireless gateway 106a 1is
described as operating in the process control system 100 of
FIGURE 1. The wireless gateway 106a could be used in any
other suitable system.

[0043] In this example, three field wunits 102a-102c
communicate with multiple field devices 101a-101m. The
field units 102a-102c¢ also communicate with the wireless
gateway 106a over a WNSIA wireless network 202. This
indicates that the field units 102a-102¢ and the wireless
gateway 106a communicate using a WNSIA wireless protocol.
The WNSIA wireless network 202 could represent any suitable
network, such as a 56Mbps 802.11 wireless network.

[0044] As shown in FIGURE 2, the wireless gateway 106a
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includes wired protocol objects 204. The wired protocol
objects 204 generally represent an application model, which
defines how communication with the field devices 101la-101lm
occurs using a wired protocol. For example, the wired
protocol objects 204 could define HART, FF, or Profibus
messages that are used to transmit data to the field
devices 10la-101m (via the field units 102a-102n). The
wired protocol objects 204 could also define the messages
containing data that are received from the field devices
101a-101m (via the field wunits 102a-102n), allowing
relevant data to be extracted from the received messages.
The wired protocol objects 204 in the wireless gateway 106a
could support any suitable wired protocol(s), such as HART,
FF, or Profibus.

[0045] The wireless gateway 106a also includes various
mappings 206a-206c. The mappings 206a-206c map an
application model (represented by the wired protocol
objects 204) to application models of standard, desired, or
other field device protocols. In other words, the mappings
206a-206¢c define how data from the field devices 10la-101m
can be converted into other field device protocols, and
vice versa. For example, a HART multiplexer mapping 206a
defines how data from the field devices 10la-101lm can be
converted into a serial HART-compliant data stream (as if
the gateway 106a is a HART multiplexer, and the field units
102a-102c are HART sub-multiplexers). The HART multiplexer
mapping 206a also defines how data in a serial HART-
compliant data stream can be extracted for transmission to
the field devices 10l1la-101m via the field units 102a-102c.
An Ethernet form of HART could also be supported by the
mapping 206a. The mappings 206b-206c represent similar
mappings used with the FF HSE and Profibus protocols,

respectively.
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[0046] In addition to the mappings 206a-206c, the
gateway 106a includes a Control Data Access (CDA) or Fault
Tolerant Ethernet (FTE) access module 208. The CDA/FTE
access module 208 supports access to other components in
the process control system 100, such as the wireless
marshalling panel 108 or an OLE Process Control (OPC)
server 210 (such as an OPC Unified Architecture server).
The CDA/FTE access module 208 could operate in a similar
manner as the mappings 206a-206c, such as by formatting
data for transmission from the gateway 106a and extracting
data from messages received by the gateway 106a. While
shown as providing access to a wireless marshalling panel
108 and an OPC server 210, this or any other access module
208 could provide access to these or any other or
additional components in the process control system 100.

[0047] In this embodiment, the wireless gateway 106a
could include any hardware, software, firmware, or
combination thereof for performing the functions described
above. For example, the wireless gateway 106a could
include one or more processors 212 and one or more memories
214 storing data and instructions used by the processor(s)
212 (such as the objects, mappings, and integration
software). Also, the wireless gateway 106a could include
at least one interface 216, which may allow the wireless
gateway 106a to communicate with other components of the
process control system 100. The interface(s) 216 could
represent any suitable interface(s), such as an Ethernet
interface (including redundant Ethernet interfaces), a
serial interface, or one or more RF transceivers or other
wireless equipment for communicating with the field units
102a-102n.

[0048] Similarly, in this embodiment, each field unit

102a-102¢ could include any hardware, software, firmware,
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or combination thereof for performing the functions
described above. For example, each field unit 102a-102c
could include one or more processors 218 and one or more
memories 220 storing data and instructions used by the
processor(s) 218 (such as software facilitating wireless
communications) . Also, each field unit 102a-102c¢ could
include at least one interface 222, which may allow the
field unit to communicate with the field devices 10la-101m.

[0049] Although FIGURE 2 illustrates one example of a
wireless gateway 106a 1in a process control system 100,
various changes may be made to FIGURE 2. For example, the
gateway 106a could support any other or additional wireless
protocol(s), mapping(s), access module(s), or wired
protocol(s).

[0050] FIGURES 3 through 5 illustrate example
configurations of a wireless gateway 106a in a process
control system 100 according to one embodiment of this
disclosure. 1In particular, FIGURES 3 through 5 illustrate
example configurations of the wireless gateway 106a to
support different field devices that use different field
device protocols. The configurations shown in FIGURES 3
through 5 are for illustration only. The wireless gateway
106a could have any other or additional configuration (s)
without departing from the scope of this disclosure. Also,
for ease of explanation, the wireless gateway 106a 1is
described as operating in the process control system 100 of
FIGURE 1. The wireless gateway 106a could be used in any
other suitable system.

[0051] As shown in FIGURE 3, one or more HART field
devices (HD) 30la-301m are coupled to each of multiple HART
field multiplexers 302a-302c. Also, the wireless gateway
106a includes HART objects 304, which define an application

model supporting the HART protocol. Further, the wireless
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gateway 106a may convert between the HART protocol and
other protocols using the FF and Profinet mappings 206b-
206c. In addition, the wireless gateway 106a may use the
CDA/FTE access module 208 to provide access to the OPC
server 210.

[0052] In this example, the wireless gateway 106a and
the field multiplexers 302a-302c function as a distributed
HART multiplexer. The gateway 106a functions as the main
multiplexer, and the field multiplexers 302a-302c function
as sub-multiplexers to the gateway 106a. The wireless
network 202 connects the distributed components of the HART
multiplexer and passes the HART protocol.

[0053] In this configuration, the FF mapping 206b allows
the HART field devices 301a-301lm to appear as FF devices
distributed under a linking device on an HSE connection.
The Profinet mapping 206c allows the HART field devices
301a-301m to appear as Profibus devices distributed under a
linking device on a Profinet connection. Because of thisg,
the HART field devices 301la-301m may appear to components
in the process control system 100 (such as the process
controller 104, asset management tool 122, or configuration
tool 124) as FF devices or Profibus devices. As a result,
components in the process control system 100 could use
these two protocols (in addition to the HART protocol) to
communicate with, interact with, and control the HART field
devices 30la-301m.

[0054] As shown in FIGURE 4, one or more FF field
devices 401a-401m are coupled to each of multiple FF field
linking devices (LD) 402a-402c using FF H1 links. Also,
the wireless gateway 106a includes FF objects 404, which
define an application model supporting the FF protocol.
Further, the wireless gateway 106a may convert between the

FF protocol and other protocols using the HART multiplexer
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and Profinet mappings 206a, 206c. In addition, the
wireless gateway 106a may use the CDA/FTE access module 208
to provide access to the wireless marshalling panel 108 and
the OPC server 210.

[0055] In this example, the wireless gateway 106a and
the FF field 1linking devices 402a-402¢ function as a
network of HSE-to-Hl1 linking devices compliant with the FF
protocol. Also, the wireless network 202 functions as an
Ethernet connection between the gateway 106a and the field
linking devices 402a-402c and passes the FF HSE protocol.

[0056] In this configuration, the HART multiplexer
mapping 206a allows the FF field devices 401a-401lm to
appear as HART devices distributed under a HART hardware
multiplexer. The wireless marshalling panel 108 may make
primary variable data from the FF field devices 40la-401lm
available to conventional HART systems in 4-20mA form. The
Profinet mapping 206c allows the FF field devices 40la-401m
to appear as Profibus devices distributed under a linking
device on a Profinet connection. Because of this,
components in the process control system 100 could use
these two protocols (in addition to the FF protocol) to
communicate with, interact with, and control the FF field
devices 40la-401m.

[0057] As shown in FIGURE 5, one or more Profibus field
devices (PB) 50la-501lm are coupled to each of multiple
Profibus field 1linking devices 502a-502c. Also, the
wireless gateway 106a includes Profinet objects 504, which
define an application model supporting the Profibus
protocol. Further, the wireless gateway 106a may convert
between the Profibus protocol and other protocols using the
HART multiplexer and FF mappings 206a-206b. In addition,
the wireless gateway 106a may use the CDA/FTE access module

208 to provide access to the wireless marshalling panel 108
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and the OPC server 210.

[0058] In this example, the wireless gateway 106a and
the Profibus field linking devices 502a-502¢ function as a
network of Profinet-to-Profibus linking devices compliant
with the Profinet protocol. Also, the wireless network 202
functions as an Ethernet connection between the gateway
106a and the field linking devices 502a-502c and passes the
Profinet protocol.

[0059] In this configuration, the HART multiplexer
mapping 206a allows the Profibus field devices 501a-501m to
appear as HART devices distributed under a HART hardware
multiplexer. The wireless marshalling panel 108 may make
primary variable data from the Profibus field devices 50la-
501lm available to conventional HART gystems in 4-20mA form.
The FF mapping 206b allows the Profibus field devices 50la-
501lm to appear as FF devices distributed under a linking
device on a FF HSE connection. As a result, components in
the process control system 100 could wuse these two
protocols (in addition to the Profibus protocol) to
communicate with, interact with, and control the Profibus
field devices 501la-501m.

[0060] Although FIGURES 3 through 5 illustrate examples
of the configurations of a wireless gateway 106a in a
process control system 100, various changes may be made to
FIGURES 3 through 5. For example, the wireless gateway
106a could support any other or additional wireless
protocol(s) and is not limited to just the WNSIA protocol.
Also, the wireless gateway 106a could support any other or
additional mapping(s), access module(s), and wired
protocol(s). In addition, the wireless gateway 106a could
be configured in any other or addition manner.

[0061] FIGURE 6 illustrates an example DDL converter 120

in a process control system 100 according to one embodiment
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of this disclosure. The DDL converter 120 shown in FIGURE
6 is for illustration only. Other embodiments of the DDL
converter 120 could be used without departing from the
gscope of thig disclosure. Also, for ease of explanation,
the DDL converter 120 is described as operating in the
process control system 100 of FIGURE 1. The DDL converter
120 could be used in any other suitable system, such as
when the DDL converter 120 is used separate from the
process control system 100 and the output of the DDL
converter 120 is provided for use in the process control
system 100.

[0062] In some embodiments, wvarious components in the
process control system 100 support different field device
protocols than the field devices 10la-101lm. For example,
in the configuration of the wireless gateway 106a shown in
FIGURE 3, the field devices 301a-301lm are HART devices, but
the process controller 104, asset management tool 122, or
configuration tool 124 could support only the FF protocol
or the Profibus protocol. Ordinarily, the HART field
devices 301a-301m would be described to other components in
the ©process control system 100 wusing HART device
descriptors (HART DDL files). However, the field devices
301la-301m and the other components in the system 100 may
use different protocols and therefore different device
description languages.

[0063] In order to facilitate communication and
interaction with all of the field devices, the DDL
converter 120 converts DDL files from one format or
protocol to another. For example, the DDL converter 120
may convert a HART DDL file 602a into a FF DDL file 604b
and/or a Profibus DDL or GSD file 604c. The DDL converter
120 may also convert a FF DDL file 602b into a HART DDL
file 604a and/or a Profibus DDL or GSD file 604c. Further,
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the DDL converter 120 may convert a Profibus DDL or GSD
file 602¢c into a HART DDL file 604a and/or a FF DDL file
604Db. In addition, the DDL converter 120 may convert a
WNSIA DDL file 602d into a HART DDL file 604a, a FF DDL
file 604b, and/or a Profibus DDL or GSD file 604c.

[0064] In this way, a DDL file for each field device may
be available to any component in the process control system
100, no matter what protocol(s) or device description
language (s) those components support. Each component (such
as the process controller 104, the asset management tool
122, and the configuration tool 124) can use a field
device’s original DDL file or a converted DDL file from the
DDL converter 120 to interact with that field device.

[0065] When converting a DDL file 602a-602d from one
protocol to another, the DDL converter 120 could examine
the DDL file 602a-602d, break the DDL file 602a-602d down
into its components, and reconstruct the components into
one or more converted DDL files 604a-604c. The converted
DDL files 604a-604c represent DDL files containing the
logic or content of the original DDL file 602a-602d
expressed in a different format or protocol.

[0066] In this embodiment, the DDL converter 120
includes one or more processors 606 and one or more
memories 608 storing data and instructions used by the
processor(s) 606 (such as software for converting DDL
files). Also, the DDL converter 120 includes at least one
interface 610, which may allow the DDL converter 120 to
communicate with other components of the process control
system 100. The interface 610 could represent any suitable
interface, such as an Ethernet interface.

[0067] In this example, the DDL converter 120 converts
HART, FF, Profibus, or WNSIA DDL files 602a-602d into one
or more HART, FF, and Profibus DDL or GSD files 604a-604c.
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This is for illustration only. The DDL converter 120 could
convert any suitable DDL file into any suitable converted
DDL file or files.

[0068] The following represents specific details
regarding the WNSIA DDL file 602d shown in FIGURE 6. This
represents additional details regarding one specific
implementation of the system 100. Other systems could be
used without departing from the scope of this disclosure.
Also, modifications to the WNSIA protocol are contemplated
and within the scope of this disclosure.

[0069] The WNSIA DDL is based on the FF DDL, so
developers may develop WNSIA DDL files 602d using the FF
tokenizer toolkit and the FF standard DD library toolkit
from the Fieldbus Foundation. Developers may develop
devices (such as the gateway 106a) that communicate with
WNSIA devices using the FF DD services toolkit from the
Fieldbus Foundation.

[0070] In particular embodiments, WNSIA DDL files 602d
may include a subset of the DDL constructs defined in the
FF DDL specification (such as Specification FF-900, which
is hereby incorporated by reference). For example, the DDL
constructs that may be used in WNSIA DDL files 602d could
include the BLOCK, VARIABLE, MENU, EDIT-DISPLAY, METHOD,
RELATION, UNIT, REFRESH, WRITE-AS-ONE, ITEM-ARRAY,
COLLECTION, RECORD, ARRAY, RESPONSE CODE, LIKE keyword,
EXPRESSION, and possibly CONDITIONAL constructs. As
another example, the DDL constructs that may not be used in
WNSIA DDL files 602d could include the PROGRAM, DOMAIN,
VARIABLE LIST, OPEN/CLOSE keywords, and possibly
CONDITIONAL constructs.

[0071] To facilitate the generation of WNSIA DDL files
602d by vendors, manufacturers, or other entities

associated with field or other devices, standard wireless
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DD files could be made available or provided to the
entities. These standard DD files could be provided for
each transducer block type (such as analog input, analog
output, digital input, digital output), and the standard
files may be imported into WNSIA device DDL gource files.
The wvendors, manufacturers, or other entities could add
their own device-gspecific parameters to the standard DD
files, such as by using the ADD, DELETE, and REDEFINE DDL
constructs to add, delete, or modify the attributes of a
block. The vendors, manufacturers, or other entities could
be prevented from deleting any of the standard or required
attributes of the imported standard DD files (although they
could be redefined using the REDEFINE construct). The
Foundation Fieldbus Specification FF-901 (which is hereby
incorporated by reference) provides additional information
about these constructs and their attributes.

[0072] DD developers could rely on a set of
specifications, tools, and standard files to produce WNSIA
DDL files 602d. The standard specifications may include
the FF DDL source language specification, which specifies a
structured text language used to define the meaning and
relationships between available wireless device data. It
also specifies the syntax of the language used in WNSIA DDL
gsource files. Another standard specification is the FF DDL
binary encoding specification, which specifies a standard
encoding of DDL sgource files into a binary file format.
Device specifications could also be used, where the device
specifications are used to customize standard wireless DDL
files and produce vendor-, manufacturer-, or other entity-
specific DDL files for given device types. Once created,
DDL source files may be tokenized into binary format and
delivered to a host system, which uses FF DD services

libraries to interpret information contained in the binary
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WNSIA DDL files.

[0073] Although FIGURE 6 illustrates one example of a
DDL converter 120 in a process control system 100, various
changes may be made to FIGURE 6. For example, the DDL
converter 120 may be capable of converting DDL files from
any other or additional format or protocol into any other
or additional format or protocol. Also, the DDL converter
120 may operate using any suitable DDL files, including
gsource or binary DDL files.

[0074] FIGURE 7 illustrates an example method 700 for
integrating a wireless network with wired field devices in
a process control system according to one embodiment of
this disclosure. For ease of explanation, the method 700
is described with respect to the wireless gateway 106a of
FIGURE 2 operating in the process control system 100 of
FIGURE 1. The method 700 could be used by any other
suitable device and in any other suitable system.

[0075] A field unit 102a receives information from one
or more field devices at step 702. This may include, for
example, the field wunit 102a receiving information
compliant with a first wired protocol from at least one of
the field devices 10la-101m.

[0076] The field wunit 102a transmits the received
information wirelessly to a gateway at step 704. This may
include, for example, the field unit 102a transmitting the
information from the field device(s) 101la-101lm over a WNSIA
wireless network 202 to the wireless gateway 106a.

[0077] The wireless gateway 106a converts the received
information into information compliant with a second wired
protocol at step 706. This may include, for example, the
wireless gateway 106a converting the information from HART
field devices into information compliant with the FF or

Profibus protocol. In particular embodiments, the wireless



WO 2007/143421 PCT/US2007/069717

10

15

20

25

30

28

gateway 106a uses one or more of the mappings 206a-206c or
the access module 208 to convert information from the field
device(s) into messages compliant with a different wired
protocol.

[0078] The wireless gateway 106a communicates the
converted information over a network using the second wired
protocol at step 708. This may include, for example, the
wireless gateway 106a transmitting the converted
information over an Ethernet network or a serial network.

[0079] The wireless gateway 1l06a may receive additional
information over the network for the field device(s) at
step 710. This may include, for example, the wireless
gateway 106a receiving additional information for one or
more field devices 10la-101lm over a serial network or an
Ethernet network. The additional information could
originate from any suitable source, such as the process
controller 104, the asset management tool 122, or the
configuration tool 124. The additional information may be
received using the second wired protocol or a different
third wired protocol.

[0080] The wireless gateway 106a converts the additional
information into information suitable for transmission to
the field device(s) at step 712. This may include, for
example, the wireless gateway 106a converting FF or
Profibus information into information compliant with the
HART protocol. In particular embodiments, the wireless
gateway 106a uses one or more of the mappings 206a-206c or
the access module 208 to convert information from the
second or third wired protocol into information compliant
with the first wired protocol.

[0081] The wireless gateway 106a communicates the
converted additional information to the field unit at step

714. This may include, for example, the wireless gateway
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106a transmitting the converted additional information to
the field unit 102a wirelessly.

[0082] The field unit 102a communicates the converted
additional information to one or more of the field devices
at step 716. This may include, for example, the field unit
102a transmitting the converted additional information to
the field device(s) 10la-101lm wusing the first wired
protocol.

[0083] In this way, the field devices and the other
components 1in the process control system 100 are not
affected by the use of a wireless network in the system
100. Moreover, the other components in the process control
system 100 may communicate with the field devices, even if
the field devices and the other components support
different field device protocols.

[0084] Although FIGURE 7 illustrates one example of a
method 700 for integrating a wireless network with wired
field devices in a process control system, various changes
may be made to FIGURE 7. For example, the field wunits
102a-102n and the wireless gateway 106a could use any
suitable wired protocol and/or wireless protocol in the
process control system 100. Also, steps 702-708 could be
performed without steps 710-716, or vice versa.

[0085] In some embodiments, various functions described
above are implemented or supported by a computer program
that is formed from computer readable program code and that
is embodied in a computer readable medium. The phrase
“computer readable program code” includes any type of
computer code, including source code, object code, and
executable code. The phrase “computer readable medium”
includes any type of medium capable of being accessed by a
computer, such as read only memory (ROM), random access

memory (RAM), a hard disk drive, a compact disc (CD), a
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digital video disc (DVD), or any other type of memory.

[0086] It may be advantageous to set forth definitions
of certain words and phrases used throughout thig patent
document. The term “couple” and its derivatives refer to
any direct or indirect communication between two or more
elements, whether or not those elements are in physical
contact with one another. The terms “application” and
“program” refer to one or more computer programs, software
components, sets of instructions, procedures, functions,
objects, classes, instances, related data, or a portion
thereof adapted for implementation in a suitable computer
code (including source code, object code, or executable
code). The terms “transmit,” “receive,” and “communicate,”
as well as derivatives thereof, encompass both direct and
indirect communication. The terms “include” and
“comprise,” as well as derivatives thereof, mean inclusion
without limitation. The term “or” is inclusive, meaning
and/or. 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. The term “controller” meansg any device,
system, or part thereof that controls at least one
operation. A controller may be implemented in hardware,
firmware, software, or some combination of at least two of
the same. The functionality associated with any particular
controller may be centralized or distributed, whether
locally or remotely.

[0087] While this disclosure has described certain
embodiments and generally associated methods, alterations

and permutations of these embodiments and methods will be
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apparent to those skilled in the art. Accordingly, the
above description of example embodiments does not define or
constrain this disclosure. Other changes, substitutions,
and alterations are also possible without departing from
5 the spirit and scope of this disclosure, as defined by the

following claims.
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WHAT IS CLAIMED IS:

1. A system, comprising:

a field unit (102a-102n) operable to communicate with
a plurality of wired field devices (10la-101lm) in a process
control system (100) using a first wired field device
protocol; and

a gateway (106a-106b) operable to wirelessly
communicate with the field unit (102a-102n), the gateway
(1L06a-106b) also operable to communicate over a network
(118) wusing one or more second wired field device
protocols, the gateway (106a-106b) further operable to
convert between the first wired field device protocol and

the one or more second wired field device protocols.

2. The system of Claim 1, wherein the gateway (1l06a-
106b) 1is further operable to permit access to the wired
field devices (101a-101m) by a component of the process
control system (100) that does not support the first wired

field device protocol.

3. The system of Claim 2, wherein:

the first wired field device protocol comprises one
of: a Foundation Fieldbus protocol and a Profibus protocol;

the gateway (106a-106b) is operable to cause the wired
field devices (101a-101m) to appear as Highway Addressable
Remote Transducer (HART) field devices; and

the component of the process control gystem (100)
comprises a component operable to use a HART protocol to

communicate with the gateway (106a-106Db).

4. The system of Claim 2, wherein:
the first wired field device protocol comprises a

Highway Addressable Remote Transducer (HART) protocol;
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the gateway (106a-106b) is operable to cause the wired
field devices (10la-101m) to appear as one of: Foundation
Fieldbus field devices and Profibus field devices; and

the component of the process control gystem (100)
comprises a component operable to use one of: a Foundation
Fieldbus protocol and a Profibus protocol to communicate

with the gateway (106a-106Db).

5. An apparatus, comprising:
at least one memory (214) operable to store mapping
information mapping a first application model associated
with a first wired field device protocol and a second
application model associated with a second wired field
device protocol; and
at least one processor (212) operable to:
receive first information wirelessly from a field
unit (102a-102n) operable to communicate with a plurality
of wired field devices (101a-101m) in a process control
system (100), the first information associated with the
first wired field device protocol;
convert the first information associated with the
first wired field device protocol into second information
associated with the second wired field device protocol
using at least some of the mapping information; and
communicate the second information over a network

(118) using the second wired field device protocol.

6. The apparatus of Claim 5, wherein the at least
one memory (214) is operable to store mapping information
mapping the first application model and a plurality of
second application models, the plurality of second
application models associated with a plurality of second

wired field device protocols.
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7. The apparatus of Claim 5, wherein the at least
one processor (212) is further operable to:

receive third information associated with the second
wired field device protocol over the network (118);

convert the third information associated with the
second wired field device protocol into fourth information
associated with the first wired field device protocol using
at least some of the mapping information; and

wirelessly communicate the fourth information to the
field unit (102a-102n) for delivery to one or more of the

wired field devices (101la-101m).

8. The apparatus of Claim 5, wherein the at least
one processor (212) is further operable to permit access to
the wired field devices (101a-101m) by a component of the
process control gystem (100) that does not support the

first wired field device protocol.

9. The apparatus of Claim 8, wherein:

the component comprises at least one of: a process
controller (104), an asset management tool (122), and a
configuration tool (124); and

the wired field devices (10la-101lm) comprise at least

one of: one or more sensors and one or more actuators.

10. A method, comprising:

wirelessly receiving first information from a field
unit (102a-102n), the first information provided by a
plurality of wired field devices (10l1a-101lm) in a process
control system (100), the wired field devices (101la-101m)
using a first wired field device protocol to communicate
with the field unit (102a-102n);

converting the first information associated with the
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first wired field device protocol into second information
associated with the second wired field device protocol; and
communicating the second information over a network

(118) using the second wired field device protocol.



WO 2007/143421

PCT/US2007/069717
117
A101a101m 10
FD |- [ FD
/0/1023 114a
Field /
Unit .
™ Wireless f118
: Gateway Wireless Terminal 110
) . Marshalling Block
102n..- ’ 106a Panel oc
/. o
Field .
Unit |~ 1087 112
\ 1 Wireless 114m >
Gatewa rocess
FD |- | FD y Controller
106b 104
Config
Tool Asset
124 Management DDL
<= Tool Converter
NS 122 120

FIGURE 1




WO 2007/143421 PCT/US2007/069717
2/7
ereles_s OPC
Marshalling
Server
Panel
108 210
HART
MUX FF HSE PROFINET
A A A A
Serial Enet Enet Enet
HART PROFI-
212 @214 Mux FF_ NET CDA/FTE
. Mapping . Access
Mapping Mapping
216 \206a  \206b \\206¢ \\208
Wired Protocol Objects 204

102a

FIGURE 2




WO 2007/143421

PCT/US2007/069717
3/7
OPC
Server
210]
FF HSE PROFINET
A A A
Enet Enet Enet
PROFI-
212 |- J214 FF NET CDA/FTE
Mapping . Access
Mapping
216 \\206b \\206¢ \\208
HART ObjeCtS 304
,* f N 1064
ﬂ WNSIAereIess Network '\
302a—¥ 3020 —Y¥ 3020 — ¥
\( Field \( Field \(J Field
Mux Mux Mux
HD |- [ HD HD |- [HD| [HD]--[HD
\301a \301m

FIGURE 3



WO 2007/143421

PCT/US2007/069717
417
Wireless
Marshalling OPC
Server
Panel
108] 210
HMALTXT PROFINET
A A A
Serial Enet Enet
HART PROFI-
212 @\/214 Mux NET CDA/FTE
. . Access
Mapping Mapping
2 \\206a \206¢ 208
FF Objects 404
A * A 1064
202 WNSIA Wireless Network Voo
402a 2 4020 —Y¥ 402¢ — ¥
\( Field \(J Field \( Field
LD LD LD
FF |- | FF FF |« | FF FF |« | FF
\401a  \401m

FIGURE 4



WO 2007/143421

PCT/US2007/069717
5/7
ereles_s OPC
Marshalling
Server
Panel
108 210
HMALT; FF HSE
A A <
Serial Enet Enet
HART
212 { ]~214 | Mux FF CDAFTE
i Mapping Access
Mapping
216 \206a  \206b o
Profinet Objects 504
? A A 1064
202 WNSIA Wireless Network ‘. "
502a 2 5020 —Y¥ 5020 ¥
\| Field \| Field | Field
LD LD LD
PB |- | PB PB |- | PB PB |- | PB
\5013 \501m

FIGURE 5



WO 2007/143421 PCT/US2007/069717

6/7

604 604b
/ a / Ve 604c

HART FF Profi
DDL DDL | |DDL/GSD

N[ 7

DDL Converter

120

AN 606 608
610];5
/ 4 \\

HART

FF Profi WNSIA
DDL DDL | | DDL/GSD DDL
N602a  \602b \\ 602¢ 602d

FIGURE 6



WO 2007/143421 PCT/US2007/069717

702

77

( START ) v 700

A

RECEIVE INFORMATION FROM ONE OR MORE FIELD DEVICES AT
FIELD UNIT USING FIRST WIRED PROTOCOL

704

TRANSMIT INFORMATION WIRELESSLY FROM FIELD UNIT TO
GATEWAY

Y

-

CONVERT INFORMATION AT GATEWAY TO BE COMPLIANT WITH
SECOND WIRED PROTOCOL

\ 4

[ &

COMMUNICATE CONVERTED INFORMATION OVER NETWORK
USING SECOND WIRED PROTOCOL

N
-
o

~

v
RECEIVE ADDITIONAL INFORMATION OVER NETWORK AT
GATEWAY USING SECOND OR THIRD WIRED PROTOCOL

N

\ 4

VS

CONVERT ADDITIONAL INFORMATION TO BE COMPLIANT WITH
FIRST WIRED PROTOCOL

Y

=

COMMUNICATE CONVERTED ADDITIONAL INFORMATION
WIRELESSLY TO FIELD UNIT

[ >

COMMUNICATE ADDITIONAL INFORMATION TO ONE OR MORE
FIELD DEVICES USING FIRST WIRED PROTOCOL AT FIELD UNIT

END

FIGURE 7



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings

