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i nvention relates to the fluid process 5 control industry. Mor e
specifically, the invention relates to field devices used in the
process contr ol I ndustry and the manner in which those field devices
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controll es. Aconnkrndl |Edustyry hen Mcrmsspécﬁlcally, the invention
relates to field devices used in the process control

industry and the manner in which those field devices
communicate.

Field devices such as transmitters, are used .
10 in the process control industry to remotely sense a
process variable. Field devices such as actuators, are
used by the process control industry to remotely control
physical parameters of a process, such as flow rate,
temperature, etc. The process variable may be
15 transmitted to a control room from a field device such
as a transmitter for providing information about the
process to a controller. A controller may then transmit
control information to a field device such as an
actuator to modify a parameter of the process. For
20 example, information related to pressure of a process
' fluid may be transmitted to a control room and used to
control a process such as oil refining.
Process variable transmitters are used to
monitor process variables associated with fluids such as
25 slurries, liquids, vapors and gasses in chemical, pulp,
petroleum, gas, pharmaceutical, food and other £fluid
processing plants. Process variables include pressure,
temperature, flow, level, pH, conductivity, turbidity,
density, concentration, chemical composition and other
30 fluid properties. Process actuators include control
valves, pumps, heaters, agitators, coolers, solenoids,
vents and other fluid controlling devices.
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‘PCT/ US98/ %133900m and the transmitter controls tzhe current from its
’ location in the field. For example, a 4mA signal can be
used to indicate a zero reading and a 20mA signal can be
used to indicate a full scale reading.
More recently, transmitters have employed
10 digital circuitry which communicates with a controller
using a digital signal which is superimposed onto the
analog current signal flowing through the process
control loop. One example of such a technigue is the
Hart Foundation HART® communication protocol. The HART®
15 protocol and other such protocols typically include a
set of commands or instructions which can be sent to the
field device to elicit a desired response, such as
device control or interrogation.
Fiéldbus, another communication protocol, is
20 proposed by the Foundation™ Fieldbus and is directed to
defining a communication layer or protocol for
transmitting information on a process control loop. The
Fieldbus protocol specification is ISA-S50.01-1992,
promulgated by the Instrument Society of America in
25 1992. Fieldbus is a process industry communications
protocol described in Fieldbus Technical Overview
Understanding Foundation™ fieldbus technology (1998)
available from Rosemount 1Inc. in Eden Prairie,
Minnesota. Some protocols comparable to Fieldbus
30 include Controller Area Network (CAN), Lonworks, and
Profibus. In the Fieldbus protocol, the current flowing
through the process control loop is not used to transmit
an analog signal. Instead, all information is digitally
transmitted. Further, the Fieldbus protocol allows
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control information on an enterprlse w1de level such as

throughout an entire company, the controller itself is
coupled to an entérprise-wide data network, such as an
Ethernet data network, and the controllexr provides
15 information about the process to the enterprise.
SUMMARY OF THE INVENTION
The invention includes a process device which

is adapted to couple to a process control loop and
communicate on the process control loop. Communication

20 on the process control loop is effected in accordance
with an internet protocol.

A process communication device is also
provided which is adapted to couple to a process control
loop, and the Internet. The process communication

25 device provides process control information received
from the process control loop, to the Iinternet.
Conversely, the process communication device also
provides information received from the internet to the
process control loop.

30 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a system block diagram of a process
control system in accordance with an embodiment of the
invention.
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FIG. 4 is a cross-section view of a process
device in accordance with an embodiment of the
invention.

FIG. 5 is a cross-section view of a process
device 1in accordance with an embodiment of the
invention.

FIG. 6 is a flow chart of a sequence of
process steps to implement an embodiment of the
invention with software.

FIG. 7 is diagrammatic view of a data
structure in accordance with an embodiment of the
invention.

FIG. 8 is a system block diagram of a process
communication device in accordance with an embodiment of
the invention.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 is a system block diagram of process
control system 30 showing the environment of one
embodiment of the invention. Process control system 30
includes process devices 32 coupled to a process
communication device 34 through process control loop 36.
Process communication device 34 is coupled to computer
38 (also referred to as client node 38) through
communication link 40, internet 42, and node link 44.
Process communication device 34 may be disposed in a
control room such as control room 45 which may provide
an intrinsic safety barrier in accordance with APPROVAL
STANDARD INTRINSICALLY SAFE APPARATUS AND ASSOCIATED

The
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havingVénough energy to ignite the vapors. Accordingly,
communication busses in fluid processing environments
10 typically are energy limited. Multiple redundant
circuits are used to ensure that energy levels on the
busses are below a safe energy level so that they cannot
produce ignition of flammable vapors, even undexr fault
conditions. Transmitters and actuators are energy
15 limited. Busses which pass through the safe area of the
fluid processing environment to outside equipment such
as control room equipment typically pass through energy
limiting barriers so that a fault outside the fluid
processing environment cannot cause a spark inside the
20 frequently explosive fluid processing environment.
Busses which have the potential for higher level signals
which could spark under fault conditions are often not
permitted to pass through or connect to equipment in a
fluid processing environment. A typical internet
25 connection, such as communication link 40 or node link
44 is thus normally excluded from the fluid processing
environment because its physical layer lacks electrical
energy limiting safety £features. In some cases,
explosion-proof housings and conduits are used to
30 contain high energy or power circuits to provide enexrgy
limiting.
Process devices 32 are coupled to a process
fluid container such as pipe 46 as shown in FIG. 1. A
process device is any device which either relates a
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devices 32 may also be actuators controlling a process
variable such as fluid flow or temperature, or a device
which monitors operation of a process or sends
information related to the process on a process control

10 loop.

Process control loop 36 couples process
devices 32 to process communication device 34 and may
supply energization current to process devices 32. A
process control loop may be any process control

15 configuration where two or more conductors provide
communication for devices on the loop. As such, process
control loop 36 may be a process control loop in
accordance with such process communication protocols as
the low-speed Fieldbus protocol (HL), the high-speed

20 Fieldbus protocol (H2)}, the HART® protocol, or other
suitable protocols which provide transmission of digital
information on a process control loop.

Process communication device 34 is coupled to
communication link 40. Communication link 40 may be any

25 appropriate data connection, such as an Ethernet data
connection (as defined by IEEE 802.3, promulgated by the
Institute of Electrical and Electronic Engineers), or a
point-to-point serial modem connection. As will be
described later in greater detail, process communication

30 device 34 is adapted to communicate on process control
loop 36, and on communication link 40. As such, when
process communication device 34 receives data from
communication link 40, process communication device 34

places such data on process control loop 36.
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5 As can be seen in FIG. 1, communication link

40 is coupled to internet 42. Internet 42 is any

combination of two or wmore data networks coupled
together. For example, internet 42 may be the public
Internet, or internet 42 may also be a private,

10 enterprise-wide intranet. Internet 42 is coupled to -
client node 38 through node 1link 44. As with
communication 1link 40, node 1link 44 may be any
appropriate link, for example, an Ethernet connection,
or a point-to-point serial modem connection.

15 As will be described in greater detail later
in the specification, devices 32, 34, 38 are adapted for
internet communication. An example of such internet
adaptation includes the use of an internet protocol
suite known as Transmission Control Protocol/Internet

20 Protocol (also referred to as TCP/IP). Transmission
Control Protocol/Internet Protoceol is a known internet
protocol suite which is generally used for data
communication over the public Internet. A Brief
Tutorial of the TCP/IP Internet Protocol Suite may be

25 obtained from the Network Working Group as RFC 1180,
published January 1991.

When devices 32, 34, and 38 are adapted for
internet communication wusing Transmission -Control
Protocol/Internet Protocol, client node 38 may access

30 process devices 32 by sending a process information
request to an internet address of one of process devices
32. Through known methods, the information request is
eventually passed through the internet to process
communication device 34. Process communication device
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the World-wWwide Web global information initiative since
1990. 'A specification reflecting common usage of this

protocol may be obtained from the Network Working Group
i5 as RFC: 1945.

The data in accordance with Hypertext Transfer
Protocol may include, for example, Hypertext Markup
Language commands, Java applets, messages, or Active X
data. Those skilled in the art will appreciate from

20 FIG. 1 and this related discussion, that process devices
32 may act as web servers to client node 38. Further,
client node 38 may access process devices 32 through
industry-standard web browser software such as Internet
Explorer which is available from Microsoft, Inc.

25 FIG. 2 is a system block diagram of process
device 48 in accordance with an embodiment of the
invention. Process device 48 can be a process variable
transmitter or a process actuator, depending on the type
of transducer connected to process device 48. Process

30 variable transmitters are used to monitor process
variables associated with f£fluids such as slurries,
liquids, vapors and gasses in chemical, pulp, petroleum,
gas, pharmaceutical, food and other fluid processing
plants. Process  variables include  pressure,
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control 5 other fluid controlling devices. Process device 48
includes regulator circuit 68, communication circuitry
67 including loop interface circuit 70, processor
circuiﬁ 66, and memory 62, and transducer circuit 63.
Transducer circuit 63 couples to a transducer 65 which_
10 can be either part of the process device 48, or external
and connected by a short cable. Fluid transducer 65
transduces a property of a fluid as shown. Transducer
65 can be a sensor or, alternatively an actuator. A
circuit, such as loop interface circuit 70, may be any
15 electrical configuration (hardware, software or
combination of the two) which is arranged to produce a
given result.
Regulator circuit 68 may be any circuitry
which conveys power to the various components of process
20 device 48 with power received from process control loop
72. Regulator circuit 68 is adapted to couple to
process control loop 72 to power process device 48 with
power received from process control loop 72. In fact,
regulator circuit 68 may even wholly power all
25 electrical components of process device 48. As such,
regulator circuit 68 is coupled to loop interface
circuit 70, processor circuit 66, and memory 62 to
provide power to those respective circuits.
Loop interface circuit 70 may be any circuit
30 which is adapted for digital communication on a process
control loop. Through 1loop interface circuit 70,
process device 48 is adapted to couple to process
control loop 72 to send and receive loop signals to and
from process control loop 72. For example, if process
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10 process information, communication information, device

status information or a sequence of program steps to be

performed by processor circuit 66. Further, memory 62

may contain portions which provide random access, or

read-only access. Additionally, memory 62 may be

15 electrically erasable, such as an electrically erasable

programmable read-only memory. Memory 62 stores data

representative of an internet address for the process
device 48.

Process device 48 is adapted to transduce a

20 fluid property and communicate process control

information related to the fluid property through a

fluid processing environment (FIG. 1) to a remote

location. Transducer circuit 63 is adapted to couple to

fluid transducer 65 and couple a signal representing the

25 transduced fluid property to or from processor circuit

66 which passes it on to or from communication circuitry

67. Communication circuitry 67 is adapted to couple to

an energy limited communication bus 72 passing through

the fluid handling environment. The communication

30 circuitry communicates process control information

related to the transduced fluid property over the

communication bus. Memory 62 coupled to the

communication circuitry is adapted to store data

representing an address identifying the process device.
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comuni cation device 34 places such data on comrunication link 40. 5
As can be seen in FIG 1, comuni catiog,link 40 is coupled to internet
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address can be stored as the internet address itself, as
data pointing to the process device’s internet address
stored in another device, or as data from which its
10 address can be computed, or other convenient way of
storing a representation of the address. This unique
arrangement allows process device 48 to safely
communicate over bus 72 in an energy limited fashion,
including data which represents the internet address of
15 the device 48. When the bus passes through to an
unprotected area, the address is then directly available
outside the fluid handling area for communication with

an internet which does not have the energy limiting
features.

20 Processor circuit 66 may be embodied in
discrete circuitry, a microprocessor, a programmable
logic array or any other suitable device. Processor
circuit 66 is operably coupled to loop interface circuit
70 and memory 62. Processor circuit 66 may be adapted

25 to receive a sensor output from transducer circuit 63
which is indicative of a process variable. Processor
circuit 66 is adapted to send data to and receive data
from loop interface circuit 70 which data is suitable
for internet transmission.

30 FIG. 3 is a cross-section view of process
device 49 in accordance with an embodiment of the
invention. Process device 49 is one type of process
device 32 (shown in FIG. 1). Process device 49 may be
constructed to be suitable for hazardous environments.
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device 5 GENERWD RBQUORBMENTS, Class Number 3615, as promulgated
PCT/US98/ 21339 pactory Mutual Research March 1885. Thus, such a

process device may be suitable for operation in
hazardous environments.

Process device 49 includes housing 50 which,

10 in cooperation with covers 52 encloses transmitter
electronics 56. Process device 49 also includes sensor

unit 64 which is adapted to couple to a process and
provide an output which is related to a process
variable. In some embodiments, sensor unit 64 may be

15 disposed outside of process device 49. Sensor unit 64
may be any system which couples to a physical process

and provides an electrical ocutput that is related to a
process variable. Sensor unit 64 may include a process
sensor, such as a pressure sensor, and sensor circuitry

20 such as circuitry 61 which may provide such features as
signal linearization or the like. Sensor unit 64 is
coupled to processor 66 of transmitter electronics 56.

In one embodiment of the invention, at least
a portion of data transferred between processor circuit

25 66 and loop interface circuit 70 is in accordance with
the Hypertext Transfer Protocol.

In a another embodiment of the invention,
memory 62 stores internet address data which uniquely
identifies process device 49 on an internet. The

30 address data may comprise at least four groups of data
where each group has at least eight bits. Such an
address may be expressed with each group of bits
corresponding to its decimal equivalent. For example,
an internet address may be 201.138.92.5 which wmay
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e aIH é%stlnatlon internet addresses.
In such a case, processor circuit 66 cooperates with
loop interface circuit 70 to selectively interact with
process control loop data packets which have an internet
address matching that stored in memory 62. A packet is
a group of digital information such as a series of
digital bits.

In another embodiment of the invention, memory
62 stores data in accordance with Hypertext Markup
Language. Memory 62 is coupled to processor circuit 66
such that processor circuit 66 selectively provides the
Hypertext Markup Language from memory 62 to loop
interface circuit 70.

In this embodiment, process control device 49
is useful for sending and receiving Hypertext Markup
Language data to and from process control loop 72.

In yet another embodiment of the invention,
processor circuit 66 is adapted to format the sensor
output received from sensor unit 64 in accordance with
an internet protocol. The internet protocol may be any
appropriate internet protocol such as Internet Protocol
as specified in RFC: 791, promulgated by the Internet
Engineering Task Force September, 1981. Processor
circuit 66 provides the internet-formatted sensor output
to loop interface circuit 70 which then further formats

{ 34 transforns the request to a formappropriate for transm ssi on upon
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Process device 48 can be a process variable transmtter

or

a process actuator, depending on the type of transducer connected to
Q994782 gcess 30 variable transnitters are usBET/USSR/HBM t or

process dev
process

vari abl es associated with fluids such as slurries,

| i qui ds, vapors and gasses in chem cal, pulp, petroleum gas,

phar maceutical, food and other fluid ptétessing pl ant s. Process

vari abl es

i.ncl ude pressure, WO 99/ 19782

PCT/ US98/ 214%¢ interneenferuatbed sepron apdputpHorohdansmipsion

turbidity,

fluid properties.
heaters, agitators,

updit itddes s WEeRE6 R 188p gheni cal conposition and ot her
Process actuators_ include control val ves unps,
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encapsulate the byte with additional digital information
indicative of an internet address to which the sensor
output byte will travel. The combination of internet
address and data byte may be considered as an internet
data packet which is provided by processor circuit 66 to
loop interface circuit 70. Loop interface circuit 70
receives the data packet and formats the data packet for
transmission upon process control loop 72, which may be
for example a Fieldbus process control loop. As such,
in this embodiment, loop interface circuit 70 adds
additional data to the internet data packet to route the
internet data packet on process control loop 72.

FIG. 4 is a cross-section view of process
device 74 in accordance with another embodiment of the
invention. Process device 74 is identical to process
device 49 (shown in FIG. 3) with the exception of
monitor ecircuitry 76, and similar components are
numbered similarly. Monitor circuitry 76 may be any
circuitry which senses or determines the occurrence of
an event and provides a signal related to the
occurrence. Monitor circuitry 76 is operably coupled to
sensor system 64, and processor circuit 66. Further,
monitor circuitry 76 may also be coupled to regulator
circuit 68 to receive power from process control loop 72
through regulator circuit 68. Monitor circuitry 76
monitors the output from sensor system 64 to determine
the occurrence of an event such as a sensor failure,
alarm condition or the like.



circuit 66,

circuit 63 cou Ies to a transducer 65 which 10 can be eithe
Relitisha izt

and nenory 62, and transducer circuit 63. Transducer

;he

process dev“’ 8251 ext ernal and connected by a short ui d
t ransducer transduces a property of a fluid as shown. Transducer
, 65 can be a sensor or, alternatively an_actuator. A circuit, such as
;Lﬁopdrnterface crrcurt 70, nay be any 4%~ el ectri cal configuration
ar dwar e sof tware nati,on of the t ranged to
produce a gi ven reE%IFeSP°nse IPL37 kR EﬁQﬁ $w$ﬁ$ %%eﬁ%y be any

circuitry monil\ﬂbﬁh cd@rvdysyporer chasele p'ma:msoromwnamts &5 poocess 20

devi ce 48 w

t receive fro pr.ac contral nRegul at or
circuit 68 |ge%§5%\€%d an, Yt e g]a pac%erstocnglgs a‘%&ntr(rat%ﬁ)lcleoo"r’):L 8 pgvver
process devr£ﬁtéﬂnuttbrotocohoﬁem rtereei sreics § rarm gm opresessneestrodop 72. In

r ci It e ! I rical
?8§ 0CESs dé@%ce€§§€ng§€¥ %ﬁ%m% %mﬂggﬁ%atrbrgﬁ?%grﬁﬁ%S i's
coupl ed to | dbgitaleifficomationcvhichtigorelntrddearths evemt 66 Thend menory

f act
conponen?s 0

.62 to p
i nterface ci
conmuni cati o

control | oop

15

20

25

30

89&196%%9%‘% %)e Kt l?r{%ﬁ/eb'ée§HSEEh’é§vﬁ' 6§ WHS event itself,

rcult

Loop

any circuit 30  which |s adapt for digital
Bhensgngpsceysput, °€0HPFBI T&6p eventy %§§%§ r?ace

beircuit 70, pe  inPRIIVAHRE Caidd Iﬁyﬁé@@éﬁd tfprmle @Qorﬂd&ﬁss

cause a destination device such as client node 38 (shown
in FIG. 1) to execute a query upon receiving the event
data packet. The event data packet may also be selected
to cause another process device on the process control
loop, or across an internet, to perform an action, such
as closing a valve. Purther, process circuitry 66 may
generate. additional packets which report actions taken
by processor 66 in response to the event, and such
report packets could be addressed through an internet to
an alphanumeric pagex, or the like.

In one example, monitor circuitry 76 may
determine that a sensor has failed and provide a signal
related to such occurrence to processor 66. Processor
66 may then send commands to other process devices to
enter a fail-safe mode. Processor 66 could then send
additional information to a pager, alerting a supervisor
to the condition.

FIG. 5 is a cross-section view of process
device 80 in accordance with another embodiment of the
invention. Process device 80 includes some components
which are similar, or identical to components in the
above described embodiments, and such components are
numbered similarly. Process device 80 includes
regulator 68, loop interface circuit 70, processor

to send and_receive |oop signals to fr rocess
control 1 PoopAﬂéltFSPaéixonEe PVeptodate p patket may'%e selected B
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coupled to processor circuit 66.

Processor circuit 66 is adapted to receive an
output signal from sensor system 64, which is indicative
of a process variable. Processor circuit 66 provides
output data which, for example, may be indicative of the
sensor output signal. Additionally, processor circuit
66 may be adapted, to receive input data from
transmission circuit 82. '

Transmission circuit 82 is coupled to
processor circuit 66 to receive the output data from
processor circuit 66. Transmission circuit 82 may also
provide the input data to processor circuit 66.
Transmission circuit 82 transforms the output data
received from processor circuit 66 into output segments
to be provided to internet protocol circuit 84.
Conversely, transmission circuit 82 also assembles input
segments received from internet protocol circuit 84 into
input data to be provided to processor circuitry 66. A
segment is any data passed between transmission circuit
82 and internet circuit 84.

Transmission circuit 82 may operate in
accordance with various transmission control protocols
such as Transmission Control Protocol (TCP) as defined
in RFC 793, promulgated by the Internet Engineering Task
Force, or User Datagram Protocol (UDP)} as defined in RFC
768, promulgated by the Internet Engineering Task Force.
Further, the data exchanged between transmission circuit
82 and processor circuit 66 may be in any of a variety
of suitable protocols such as Hypertext Transfer



representative of an internet address for the process devi ce 48.
Process device 48 is adapted to transduce a 20 fluid prope @91
communi cat eWOPITEs  control information related to thga¥ﬂﬁ$ B9
property through a fluid processing environment (FIG 1) to a renpbte
| ocation. Transducer circuit 63 is adapted to couple to fluid
transducer 65 and couple a signal representing the 25 transduced fluid

property to pr | [ 6 Lch ' o or from
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fluid properkxoteeeelt (BFTP) . comruni cation bus. Menory 62 coupled to

the 5communi cat i onp gt LERbE! YorotScddaRi B P Stgy € dat dperabl

representing an address identifying the process devjce.

99/ 19782 coupled to transmission circuit Pperapshgis|agepted to
provide an output packet £for each output segment
received from transmission circuit 82. An output packet
generally comprises an output segment provided by

10 transmission circuit 82, data indicative of the

transmission protocol used by transmission circuit 82,

and an internet address to which the packet will travel.

Thus, if transmission circuit 82 uses Transmission

Control Protocol (TCP) to create the output segments,
15 the output packets would so indicate.

Internet protocol circuit 84 may be adapted to
receive input packets from loop interface circuitry 70
and selectively provide input segments to transmission
circuit 82. Such selection, is based upon checking data

20 in the input packets to determine if the input packets
have been formatted in accordance with the same
transmission protocol as that provided by transmission
circuit 82. If the input packets have been so
formatted, then input segments, corresponding to the

25 input packets are provided from internet protocol
circuit 84 to transmission circuit 82.

Loop interface circuitry 70 is adaptéd. to
generate process control loop signals in response to and
based upon reception of output packets from internet

30 protocol circuit 84. Further, loop interface circuitry
70 may also be adapted to selectively provide input
packets to internet protocol circuit 84 based upon
received process control loop signals.
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the comruni cation circuitry comruni cates process control information
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device's internet addr stoE}ed i n anot her, device, or as data from

ess

which its 10  address AbFDERIRombUed PESESor . REREH RNt 2fay DEER

storing a regeesehbedi avitf trlspeddr azs. pfbtéspnidieices rocigdment al | ows
process device_48_taq §_a_r?fel %g comunicate over bus.72,in an ner gy
limted fashPBR®CT 14 J't‘?d‘ d%?aé\/\/rﬁ%‘?‘lc?%sbré:? éﬂt h%o?ﬁt ernet-Saddr ess
of 15 the dskit?ed8.in tlhenatrhe wild paspesciateudihdto fhe preserr ot ected

area, the ad kst I I i I si de. Ul d

handl i nggar egﬁﬁggtégﬁ’rr%%%ﬂa}lglﬁ} # P %Xga&&gaﬁoi %%?%%% %ﬁ(ﬁiﬁ:%@%(%{sl%r%t have
the energy | receing inforfeitione£ror0 the process Prcopbyedr loiopc@End 66 may
be enbodi ed., .| : L,S [ kb LY; .60 0GE$ Y cesd P Ogr anmabl e
| ogi c array g?ggﬁ?séy g? %&lﬁtggbﬁebgg\%gél eBrgg esg'glr . ccei rcuit 66 is
operably coupl ed to | oBpYi ne¥amRte, citeuFEG. 5, 70remtR @RS YSBE\OPr ocessor

circuit 66 mBysbemagaPheehZin ACLULESH Sy St SENAKEh 0l RYtvd Tanydansducer

¢! rthl%3 allow processor circuit 66 to provide digital output
signals to the actuator system to thereby modify a
process variable. This substitution would essentially
convert any of the process devices described above into
process devices which physically affect a process.

15 Further, it is entirely within the scope of the present
invention to provide a process device which not only
senses a process variable, but also affects a process
variable. Further, although the embodiments shown in
FIGS. 2 through 5 are described with respect to

20 individual circuits, such notation is merely provided
for clarity. Thus, the present invention may be
practiced by combining various modules on an application
specific integrated circuit, or by implementing the
various circuits in a microprocessor with software.

25 FIG. 6 is a block diagram of a sequence of
program steps which could be implemented on processor 66
to practice the invention. The sequence shown in FIG.
6 depicts how a process device in accordance with an
embodiment of the invention acts as an internet

30 information server.

Server operation begins when the processor
receives a request for information as indicated at block
90. Such a request may come from a device such as
client node 38 (shown in FIG. 1} or from an internal



{which is indicative of a process variable. Processor circuit 66 is
§ adapted to send data to and receive data fromloop interface circuit
70 whi ch datWOi%1&W 2t abl e for internet transmssion. 30 FCT/USHRLIIL

FIG 3 is a cross-section view of process device 49 in accordance with
1 an enbodi nent of the i nvention. Process device 49 is one type of
{process device 32 (shown in FIG 1}?-Process device 49 may be

constructed to be suitable for hazardous environnents. V\E)
99/ 19782 device such as a timer. Those pkiliedgipighe art wil
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information is requested and accesses the requested
information. For example, the request may be directed
to obtaining process control information, process device
information, or both. Block 92 is completed when the .

10 processor stores the requested information in memory,
such as memory 62 (shown in FIGS. 2-5).

At Dblock 94, the processor formats the
requested information for internet transmission. When
a relatively large amount of information is to be

15 transmitted, information must be broken up into discrete
segments. In this case formatting would likely entail
breaking the requested data into segments such as those
in accordance with Transmission Control Protocol.
However, if the amount of requested information is

20 sufficiently small, other suitable protocols may be used
such as, User Datagram Protocol. Block 94 is concluded
when the processor stores the formatted information in
memory along with an indication of which particular type
of formatting protocol was used.

25 After block 94, the processor executes the
program step shown at block 96. Specifically,
additional information such as an internet address of
the destination device (generally the requesting
device), and an internet address of the process device

30 are stored in memory along with the formatted requested
information.

At step 98, additional information is accessed
by the processor to determine a process control loop
address of a communication device which will forward the



process device may be suitable for operation in hazar dous environnents.
Process device 49 includes housing 50 which, 10 in cooperation with covers
52 -encl osesWOr%A8MRt t er el ectroni cs 56. Process device 48HPS¥AIR| udes
sensor unit 64 which is adapted to couple to a process and provi de
an output which is related to a process variable. In sone enbodi nents,
sensor unit 64 may be 15 disposed out&Pde of process device 49. Sensor
unit 64 may be any system which couples to a phy5|cal process and
provi des an thfermataPnogmio tthe iBtesnated R InLQFRREQN vAFi abl e.
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FIG. 7 is a block diagram of a data structure
102 in accordance with an embodiment of the invention.
Data structure 102 includes data block 104, transmission
control protocol header 106, internet protocol header
15 108, and process control loop header 110. The data
structure shown in FIG. 7 may take various specific
forms such as, when data 104 is a combination of process
information and Hypertext Markup Language data;
transmission control protocol header 106 is in
20 accordance with User Datagram Protocol; IP header 108 is
in accordance with Internet Protocol; and loop header
110 is in accordance with the Fieldbus protocol.
Further, data trailers may also be used, such as an end
delimiter for the process control loop. Those skilled
25 in the art will appreciate that a wvariety of
combinations are possible with the invention. The data
structure shown in FIG. 7 is assembled in a process
device prior to transmission on a process control loop,
and is also received from a process control loop in
30 order to have data 104 extracted. As such, data
structure 102 may be found in memory in a given process
device, in transit across a process control loop, or in

a memory of a process communication device.
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I nformati on such as a serl
supply circuit 124. Loop communication circuitry 116 is

adapted to couple to process control loop 126 to send
and receive process control loop signals to and from
process control loop 126. It should be noted that
10 process control loop 126 may be any appropriate process
control loop which provides digital communication
between devices on the process control loop. Loop
communication circuitry 116 is coupled to memoxry 122
which contains data indicative of a loop address of
15 communication device 34 on process control loop 126.
Thus, loop communication circuitry 116 is able to
determine when process control loop data is addressed to
process communication device 34 by comparing the loop
address contained in memory 122 with destination device
20 information received from the process control loop 126.
Loop communication circuitry 116 is coupled to internet
communication circuitry 120.
Internet communication circuitry 120 is
adapted to couple to an internet through communication
25 link 40. Internet communication circuitry 120 is
coupled to memory 122, which contains data indicative of
an internet address of communication device 34.
When process communication' device 34 is
operating to transmit data from process contxrol loop 126
30 to an internet, loop communication circuitry 116
receives a loop packet from process control loop 126
which contains the loop address of process communication
device 34 as stored in memory 122. Loop communication
circuitry 116 is adapted to extract an internet packet
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digital bits. I n anot her enbodi nent of the invention, nenory

62 stores data in accordance with Hypertext Markup Lang Menory 62
i s coupl ed t¥OP"58sor circuit 66 20 such that processor c?F%ﬁF?w§§”

sel ectively provides the Hypertext Markup Language from nenory 62 to
Ioop interface circuit 70. In this enbodi nent, process
control devi ce 49 I's useful for sendlng and recei Vi ng prertext Nhrkup
'25 Language flalR £Qeantd ge ntyol £

yet anot her enbodlneﬁt of E§qga?%§en%%£aﬁ é)réggggééorﬁ?ﬁch?c%%s

adapted to f FRETIhelensar6. Al’bu%lpmrm@tepﬁ@hetrem mdwodmlof64 in

accordance Widdta whid iddRIQE IHQRLARA rolRe gnhﬁﬁ:%etsu%%gc% §By be any
30 appropriate.internet Erotocol such as Internet Pro

specified in FeSq, U GRF 1ome CRECBAREY 116 PEﬁIjP—ﬁ@érT—hg Task
Force Sep$enbextradosd. md%rzeiassgacket t I et rOB P Q¥hHeSi E8€ion

et for R eds 88D o WA Scsmarisns5e Backet’ Fo2 % Shnshl S on ™ O
PCT/ US98/ 2133¢hrough link 40. Internet communication circuitry 120
then transmits the formatted internet packet through
link 40 into the internet to which link 40 is connected.
10 When process communication device 34 works in
the opposite direction, an internet packet which has
been formatted for transmission through link 40 arrives

at internet communication circuitry 120. Internet
communication circuitry 120 extracts the internet packet
15 from the data received from link 40. Internet

communication circuitry 120 then determines if the
destination for the received internet packet is a
process control device which resides upon process
control loop 126. If so, internet communication
20 circuitry 120 passes the internet packet to loop
communication circuitry 116 which encapsulates the
internet packet with process control loop routing
information and introduces the so formatted packet onto
process control loop 126 for transmission to the
25 destination process control device.
As can be seen in FIG. 8, communication device
34 also includes power supply 124 which is adapted to
couple to process control loop 126 to inject power into
process control loop 126. Power supply 124 may be
30 coupled to a power source 128 which is external to
process control loop 126.
In some embodiments of the invention, the
format of loop packets may be the same as the format of
information received from link 40. For example, when



- 14- the internet-formatted sensor output for transm ssion upon

process contw?l% 72. For exanple, the senscgcﬁggggﬁtnggay

ibe a byte digital information which is indicative of the process
tvari abl e. Processor circuit 66 may then encapsul ate the byte with
additional digital information I ndicative of an internet address to

whi ch the sensor out put byte will ffavel . The conbi nation of internet

Shich ;s provits 49 3 o SEsEIRH el it echezi ata FREERL ¢ 70

Loop interfacmd|pmnstss?@:ontrd]edmope326hésdmaaqmdmx?mdvﬁm e -t Be dat a
t

fgfkg;a‘;&fe X @é@%ﬂf&&é‘ A" F&ﬁm%"ﬁ%]%k%%% ﬁgﬁr LQ0, fém:."ﬂxf,hl Rt P

process controf 100p such;,
embodi nent, ldoblentil f @y ciredormattiagnsis regditrednal o%natth:ls he

i nter net giat aeﬁﬁ&&fﬁeﬁ@ rﬂﬁc?eé%%amm&ldl@ascrﬂﬁ{ adhdeP3gkal PP a‘qa pr ocess

control | oo Cross-section view o
device 74 i n *a?éeoﬂaaﬂcbywhﬁnahashér-géﬁaoauefv@rlts of Thive ,2@lthenah

.Process devi cgtdrhsti Q@H&bfﬁ'm&? ﬁ@%%mtmﬂiﬁ%éﬂ}ﬂ%aﬂ@o‘ﬁﬁdd&é@ G 3)
with the exceptlon of noni t or ci rcwtr%/rﬁ and simlar onents are
nunber ed si ni FSWT“VHICR/BHPPoﬁie‘E?-F%u??r‘?aY6a ?C‘bet%ySlgnaJm]r% NR+§ \Ehi ch

'senses or detgughnemm t betepeUrfea€e idftrinsic safety compliance of .
10 process control loop 126 is maintained.

As can be appreciated, the present invention
provides a variety of process devices, and a process
communication device which allow for individual process
devices to serve as internet communication devices.

15 Thus, a transmitter in accordance with the present
invention may perform the function of a web server
allowing a variety of users employing various platforms
to access transmitter data and receive ©process

information. Further, software updates can now be
20 provided to the process devices through the public
Internet, thus reducing administrative effort.

Additionally, users of the present invention by

interacting through the internet with the process

devices can effect process changes. As can also be

25 appreciated, because the present invention employs

' traditional process control loops, the present invention

may be practiced with intrinsically safe process control

devices without endangering intrinsic safety compliance.

The various embodiments set forth herein may be

30 implemented alone or in combination(s) as desired or as
appropriate.

Although the present invention has been

described with reference to preferred embodiments,

workers skilled in the art will recognize that changes




25 an event and provides a signal related to the occurrence.
§Monitor circyjt 6 is operably coupled to sensor system 64, and
processor ciw&ff%g Furt her, monitor circuitry 76 may ATEPVE2ERpI ed
to regul ator circuit 68 to receive power from process control |oop 72
30 through regulator circuit 68. Nbr_l'bagr circuitry 76 nonitors the
out put from sensor system 64 to determ né the occurrence of an event
such as a sen j | : r ogch 1§ ' . WO
e ma fb@rdéicfe in fRhR{BE M%if%%&gé%t&ng from

-15- the spipit, andoseopeoofhshecénveritenof the event, noni t or
circuitry 76 causes processor circuit 66 to generate an event data
packet in accordance with an internet protocol for transm ssion on
process control 5 loop 72. The event data packet may be any body of
digital information which is related to the event. The



—— - v

event data packet may be indicative of the event itself, t he sensor

out put, or both. The event data packet may be in accorda |

Hypert ext TWh¥f18182pr ot ocol . 10 Add't'onal|XLﬁLDQ_QMQDL_danggg%%QQAﬁgy b

selected to cause a destination device such as cli 38 (shown

in FIG 1) to execute a query upon rece| Vi ng tt Llii\m‘mgm packet. The
event data packet may al so be selected - to cess device

on the process _contraol 15 | qap, across an |nternet to perform an
acti on, suchWH-—Aués%éﬁ%—ﬁval ve Further, process circuitry 66 nay
generat e addit,i onal paqskpt-&c\deiscﬂeﬂ'!‘:@@rédapté@r&t@dﬂ@ﬂle to abflmidcessor 66

I n response to the eve such report ack oul d be addressed
t hr ough an i PFOSFES QSE aaﬂcﬁthﬁﬁﬁngﬁyﬁg 3%p13rggﬁ€ like.
I n one exanpl e, nonitoncdpy duterfaté chycuitrydadapbuedece hurplesd&dsor has
fail ed and provide a signal [ dt h rnenc essor
66. Processor 66 may tﬁ%h s%ﬁ%cg%ﬁnan tiHﬁ' ?ﬁéﬁ tggcg%égdgigges to 25
enter a fail-safe node. Proressior GGOquIdlgnetheﬁ@ the aygiasgsshal
information to a pager, alerdd éisﬂ&%gV|sor to the condition.
FIG 5 is a cross-section view of process device 80 in accordance with
anot her enbodi nent of tHRE@ESOR n\AMAGHTY Prasurskedieite W | fQWles sone
conponent s which are sijfidé¥facyd éf‘f‘éﬁi@ﬁ# Baaﬁﬁgaowtﬁrd\fﬁ.dehe

en

above descri bed enbodi ments,, and such conpo s are qfed
simlarly. Process devi CEPteRes 1RATRAS data to the

interface circuitry for transmission

upon the process control loop; and

a memory coupled to the processor and adapted
to store data related to internet
communication.

2. A process device adapted to couple to a fluid
process control loop, the process device comprising:
loop interface circuitry adapted to couple to
the process control loop to send and
receive loop signals to and from the
process control loop;

processor circuitry operably coupled to the
loop interface circuitry and adapted to
receive a sensor output and provide data
indicative of the sensor output to the
loop interface circuitry for
transmission upon the process control
loop; and.

a memory operably coupled to the processor
circuitry, the memory adapted to contain
data in accordance with Hypertext Markup
Language.

3. A process device adapted to couple to a fluid
process control loop, the process device comprising:

-
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regul ator 68, |loop interface ﬂmm"a 70 irocesigr _ V\ADt 92{319782
PCT/ US98/ 21 J S l)l I l“l -16- ci rcui . MENDr
62, inter net%é PE8%o1 circui t 'TERR l"" ms iBnsni ssion cir cuPETES9821339

Loop interface circuit 70 is coupled to internet protocol circuit 84
which is further coupled to 5 transmssion circuit 82. Transm ssion
circuit 82 is coupl ed to processor2&ircuit 66. Processor

circuit 66 is adapted to receive an . output signal fromsensor system
64, which is indicati v ofOF RIELIRA PRMIEE. TPr oEBRSATTIRRIt 66
provides 10 output data whiddvideor wexRnppewetByrdesiedcatiaw afhd he

sensor output signal. Additi | | rocesgsqr circuit 66 nay be
adapted, to receive input dﬁ%%a?%%m£n%r9§aﬁ§ﬁ935| on circuit 82.

Transnission circuit 13B®picommunipbédontwedhs PoposssMuntdattimng &b t o
receive the output data fromyg process control loop;

processor means coupled to the loop
communication means, for providing a
sensor output to the loop communication
means; and

memory means operably coupled to the
processor means for providing data to
the processor means in accordance with
Hypertext Markup Language.

4. A process device adapted to couple to a fluid
process control loop, the process device comprising:

loop interface circuitry adapted to couple to
the process control loop to send and
receive loop signals to and from the
process control loop;

processor circuitry operably coupled to the
loop interface circuitry and adapted to
receive a sensor output, the brocessor
circuitry adapted to provide data to and
receive data from the locop interface
circuitry;

a memory operably coupled to the processor
and adapted to store data; and

wherein at least a portion of the data
communicated between the processor and

loop interface circuitry is in
accordance with Hypertext Transfer
Protocol.

5. A process device adapted to couple to a fluid

process control loop, the process device comprising:
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proéessor circuit 66. Transm ss y al so provi de the
i nput data tﬁo%ggﬁgsor circuit mmm"ilm'" Hmm on circuit periusegsizey s

t he out put dat ei ved from ptocessorsci¥cuit 66 into output segment’s

20 to be prow ded to internet protocol circuit 84, Conver sel vy,
| transmission circuit 82 also assenbl es_,gput segnents received from

I nternet protocol circuit 84 into I'nput data to be provided to

| Processor circuitry 66 aArequ1aBBRTRYL S MR IS BSBEL €8 e

'transnission circuit 25 I nternet circurt
! Transnission circuit 82 may Eﬁ@ﬁ&ﬁé i ﬁontrOIacé@thn@% tROYaFi obibe

transm ssion control prot OCCb?:ocess N &S whtd HBwWSH ORe &BIN-£Q] £RBAL OCOl
j (TCP) as defined in RFC 793, pronul gat ed by t he I nternet ENngi neering

I Task 30 Force, or User Data§ h&nPrRsesE ConYHL FORF i ned i n RFC - 768,
4 pronul gated by the Intengep Eﬁﬂé&gabbnaﬁa&k.tlfgr G8apted tbuebligle the data

exchanged between transm ssign circuit algd processor C|cicw t, 66 may
be in any of a variety sdﬁ”t’%ﬁ?@spﬁﬂr&ﬁﬂ IQOR ak°
Tr ansfer WO 99/ 1978%eceive loop signals to and from the

PCT/ US98/ 21339
process control loop;

processor circuitry operably coupled to the
loop interface circuitry, the processor
adapted to receive a sensor output;

a memory operably coupled to the processor,
the memory adapted to contain an
internet address of the process device;
and

wherein the loop interface circuitry is
configured to receive data packets from
the process control loop which contain
the internet address and to transmit
data packets on the process control loop
which include the internet address.

6. The process device of claim 5 wherein the

internet address is an Internet Protocol address as

defined by RFC 791, promulgated by the Internet

Engineering Task Force September, 1981.

7. The process device of claim 5 wherein the

internet address comprises at least four groups of data

each group comprising at least eight bits.

8. A process device adapted to couple to a fluid

process control loop, the process device comprising:

means for providing power to the process

device with power received from the
process control loop;

means for storing an internet address; and

e
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-17- Pr otocol, File Transf , S Irrpl e Ne§rsage

Transfer MIP), Tel nelmmlmlﬂmll H e File ransf er

pr ot ocol (S ?91597%28 Trivial File Trransfer s *Protocol (TFTP)P%nT@S_98"2_1339
Internet protocol «circuit 84 is operably coupled to transni ssion
circuit 82 and is adapted to provide an output packet for each output
segnent received fromtransnissiomZ8Tcuit 82. An output packet .
general |y conprises an_out put % %mant provided by 10 transmission circuit
82, data indicative 5RO hel® epdingsi @nchr ok8EBAVERBE] Iata

transnission circuit 82, coamklaﬁng‘lt@ﬁéein&ééhéﬁs alddrelyischtd hgndpacket
'will travel. Thus, |f tr on CII’CUIt 82 es Transm ssi on

Control Protocdl (TCP) to ¢ gﬁﬂbtt S SYNERRS: 15 t he out put
packets woul ®@.so indi cd process device adlajptterdﬂeb abopmeotocarﬁm1d84 may

be adapted t n el fromloop interface circuitry 70

and sel ectiv%r cpers'(r)sw %él\{:%#pluﬁ%sggome% Sz?rocf?%%s‘%)%ﬁ?% ompr}ﬁ}%” 82. Such

selection, is based updieaghdaitienf admt &i2@uiitryt Iaelaptpdétpachapi;ett)o o
determine if the input pack e r e ce w

| the sane transm ssi on ;e)tﬁh:)et ogrf)cgg\ét ha %%gl g%(?&)b t{)ras%g%o $

fcircuit 82. | f the inpiecgiakeloophasignaben tosoand £ ricgy n'aheed t hen

i nput segments, correspondi Rdckdd&ontrol loop;

processor circuitry operably coupled to the
loop interface circuitry, the processor

circuitry adapted to receive a sensor
output and format the sensor output in
accordance with an internet protocol and
provide the formatted sensor output to
the loop interface circuitry for
transmission on the process control
loop.

10. The process device of claim 9 wherein the

internet protocol is Internet Protocol as defined by RFC

791, promulgated by the Internet Engineering Task Force,

September, 1981.

11. A process device adapted to couple to a fluid

process control loop, the process device comprising:

a regulator circuit adapted to couple to the
process control loop and power the
process device with power received from
the process control loop;

loop interface circuitry adapted to couple to
the process control loop to generate
process control loop signals in
accordance with a process control loop
protocol in response to reception of

output packets, and selectively provide

THIS SF?EEIEJA gég BEEN l /! ! [- /[ [! l!/ /M
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25 .i nput packets are provi ded”

jto transm ss‘*,Brgs,g;ei]sgui t 82. "l"f(nm]"m%ﬁu’ nltotra?]E gggl ci rcy&;/iﬁ;é;%];igll *

adapted to erate process=*cof ghals in response to and
§ based upon reception of output packets frominternet 30 protocol circuit
£84. Further, loop interface circuitry 70 may al so be adapted to

sel ectively provide input packet $4% internet protocol circuit 84
based upon recei ved pr ss contrpl | oop signals. .

99/ 19'788 Onﬁxepu%: pacfgets %@ﬁ%gggPQ?%g recelvé/g)

- 18- Al t houghprtduee gy eserttiralnverdp aigsaleen descri bed

brocess control |oop.  cbeEet e TinnfGY Vet RBLEROMI S, o (e
present 5 invention is equdidy thspl Loapl einbepfacesscilveutbsywhand
receive information from the, RLACESS SR Ael 8RR B0fput packets to
the loop 1interface circuitry in
accordance with an internet protocol and
based upon output segments received by
the internet protocol circuitry, each
output packet comprising an output
segment, a source internet address, a
destination internet address, and data
indicative of a transport type, the
internet protocol «circuitry further
adapted to receive the input packets
from the loop interface circuitry;
transmission circuitry operably coupled to
the internet protocol circuitry and
adapted to transform output data
received by the transmission circuitry
into the output segments, and assemble
input segments received from the
internet protocol circuitry into input
data; and
processor circuitry adapted to receive a
sensoxr output, and provide the output
data to the transmission circuitry and
receive input data from the transmission
circuitry.
12. The process device of claim 11 wherein the
transmission circuitry transforms data in accordance
with Transmission Control Protocol as defined by RFC
793, promulgated by the Internet Engineering Task Force.
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responsi vel y cause a physi cal changei+n—a—process. For
exanple, in FIG 5, replacingmgf em 64 with an actuator system
such as a vaVQ&4ydtd 10 al ﬁﬂWﬂEMMEmICUH 66 to proviFeE/SSRBP
out put signals to the actuater s thereby nodify a process
vari able. This substitution would essentially convert any of the
process devices described above into =~30¢rocess devices which physically

affect a .process. 15 Further, it is entirely within the scope of the
pr esent i h¥enti on tBherp¥pagess gleodess aevetaimhildh winiresin ythe senses

8 process variabhani Buion! 2a:4iieehS AMOAGT hggﬁéﬁrsigﬁbgecgﬁasﬁé

al though the enbodi nents shown in )
respect to 20¥iRBi Haf¥al Daragrans Prafeeodot asi siefiineader byy RRGV768d

B
are described with

for clarity. prdRilgatédebPrERENIntEPNER ERYIiABY PRy TaskPFagkkced by
conbi ni ng varlgus nodul es on an application specific_integrated

circuit, or by%inpl ementi RFPFEAM ON & | GETPMLEEi F&afAbAeni BEEpEBCessor
w th sof t war ecodprising: FIG 6 is a block diagramof a sequence of
program st eps which coul d i npl ement ed Qn progessor, 66, to pr.actice
the invention. The sequ@négﬁghgaﬁc?ﬁsFﬁgutl e §oUe RHAEIHA afpréless

device in accordance with anprocessnéatapent of the invention acts as an

the processor | recorvECH IR ROYEIRT 5 B Y RECRLBatar bl ook

90. Such a request nmay conepfkeossa ddetee sch axscordance with a
transmission protocol;

an  addressing routine for adding a
destination internet address to the
formatted data; and

a loop formatting routine for adding a
process loop destination address to the
formatted data and internet address.

15. A data structure embodied in a fluid process
device, the data structure comprising:

a data field;

a transmission control header;

an internet protocol header; and

a process control loop header.

16. A process device adapted to couple to a fluid
process control loop, the process device comprising:

a regulator circuit adapted to couple to the
process control 1loop and power the
process device with power received from
the process control loop;

loop interface circuitry adapted to couple to
the process control loop to send and
receive loop signals to and from the
process control loop;

—_—
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client node 38 (shown in FIG ]”“m”““nmﬁm "mﬁrnal WO 99/ 19782
PCT/ US98/ 21 - 9 devi c a
Wy, | ¢ el e i nat 1 f PETESbASS

tiner. Those n the ar appreci ate t

used, then the process device essentially pushes process information to
a destination device. 5 At bl ock 92, the processor
det er m nes what i nformation is reaaé§ted and accesses the requested

i nformati on. For exanple, the request ,may be directed t.0 .obt ai ni ng
process control inforﬁ%f?%%?3%¥03é§§u& Yo perab oFﬂﬁPiﬁﬁ_Qﬂ £h. Bl ock
92 is conpleted when the 10logppoirsspfaskordsculie mgquasd askddéossrt i on in
I menory, such as nenory_62 (shown i FI%. 2-5). ., At

bl ock 94, the processor forﬁ?ﬂ:g&}ggy ad}"l?te egf’eazlﬁf%?]o'ﬁmfai oFeRBPTi nt er net

transm ssi on. Wen a rehbputel gndarge anount of information is to be
15 transmitted, infogmpLpaR, Mil, A% ProkePniP @ B & Fouitry

and adapted to store instructions for

execution upon the processor circuitry

the processoxr circuitry, the

instructions comprising:

an internet formatting zroutine for
formatting the sensor output in
accordance with an internet
protocol;

a loop formatting routine for further
formatting the internet-formatted
output for transmission on the
process control loop;

an output routine to cause the processor
to provide the formatted sensor
output to the loop interface
circuitry for transmission on the
process control loop.

17. A process communication device adapted to
couple to a fluid process control loop, the device
comprising:

a memory adapted to contain data indicative
of a loop address of the device, and an
internet address of the device;-

loop communication circuitry, coupled to the
memory, and adapted to communicate on
the process control loop;

internet communication circuitry coupled to
the loop communication circuitry and the
memory, and adapted to couple to an

I
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segnents. In this case formatti |4 ent ai | breaki ng the
requested data into segnents mﬁllmmmﬁgjﬁ “L I n accordance with

Tr ansmi ssi oW Protocol .'Fme , s f the amount OPCTESIR&IINVI .
information is 20 sufficiently small, other suitable protocols nmay be
used such as, User Datagram Protocol. Block 94 is concl uded when
the processor stores the formatted i nfdfmation in menory along with an

i ndi cation of which particular type of formattin rqt ocol was used.
25 After bl ock %{%efﬁgtp?%c‘é%’%‘@%n’e%t&%t%%t}%e interngtsgr am

step shown at block 96.and Specifically, addi tional information
such as an internet a . Of . Lhe destinatigon _device ., generally the
requesting devicg?ﬁggﬁﬁﬁa%h?niﬂ%ﬁEPegdSP@EEn&FagﬁgmbFB&%%EEHQQice 30
are stored in nmenory al ong phtbesheifibormatbdnr erpesiesd from nftdremati on.

At step 98, additional info ' I s,acc d b e R ssor to
determ ne a process controliﬁgé%ﬂgt el %ngco%ﬁh 1nRé%§$°

address o ni-catti Vi ce
which will forward the circuitpygofeg782ransmission upon the
PCT/ US98/ 21339 process control loop, and the loop
communication circuitry passes
information received from the process
control loop to the internet

communication circuitry for transmission
upon the internet.
18, A process device adapted to transduce a fluid
property and communicate process control information
related to the fluid property through a fluid processing
environment to a remote location, the device comprising:
. & transducer circuit adapted to couple
between a fluid transducer and a signal
representing the transduced fluid
property;

communication circuitry adapted to couple to
an energy limited communication bus
through the fluid handling environment,
the communication circuitry
communicating process control
information related to the transduced
fluid.property over the communication
bus;

a memory <coupled to the communication
circuitry adapted to store data
representing an address indentifying the
process device;

wherein the address is an internet address

and the communication circuitxy

[
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4 1n accordance with the Fiel dbus protocol.

20 arory a@i’;&;‘a‘t na pr Eﬁets?e]miﬁmmm m“aidﬁﬁ css of {hepropess
urce * ¢ L

devi ce (so ess). 100, the processor provides
the 5 stored nmenory contents (formatted requested information; f or mat
type; internet addresses; and process cgntrol | oop addresses) to a | oop
I nterface nodul e which interacts with hardware to introduce signal s

onto the process control |oop which correspond to the nory.10
cont ent s. H & coRibndlat BePhr S Ra onp hidrTotrrk Pt o
102 in accordance wth an enboderhetr withhdatavespresentativeaifatheructure

102 includes data bl ock 104, iﬁ*ﬁg%ﬁs%‘fﬁ%ﬁ i%orht%f)g?%%%ﬁg_gla\%gg der 106,

i nternet protocol header 15 and p contT 10. The
dat a structure shown i nfBr@ t3 the emdkegy arimilsed pemnundcationf or ns
such as, when data 104 is a gggbination of process I nformati on and
Hypertext Markup Language at'a; transm ssion control protocol

header 106 isl®n 20 acEbednnecesst deviee ThtSAFEMS Rro2ochl ;9 |9 A8ader 108

i's i N acga daaeenwit duihof dietg Pk 0LegRh atapd JigeniReadBbrea toll0 is
Further, data“trailers may
al so be used, CQUBHekO ffhe RFocess control loop and power the process
device with power received from the process control .
loop.
20. The process device of claim 19 wherein the
regulator wholly powers the process device with power
received from the process control loop.
21. The process device of claims 1, 2, 3, 4, 5, 8,
9, 11, 16, or 17, wherein the fluid process control loop
is a two-wire process control loop.

22. The process device of claims 1, 2, 4, 5, 9, 11
or 16, wherein the processor circuitry is embodied in a
microprocessor.

23. The process device of claims 1, 2, 3, 4, 5, 8,
9, 11 or 16, wherein the process device is intrinsically
safe.

24, The process device of claims 1, 2, 3, 4, 5, 8,
9, 11, or 16, wherein the process device is
explosionproof.

25. In a process device on a fluid process control

loop, a method of transmitting data on the fluid process
control loop, the method comprising:
obtaining data related to a fluid process;
formatting the data for internet
transmission;
formatting the data for transmission upon the
fluid process controeol loop; and
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delimter for the process control ljﬂﬁ Those skilled 25 in the art

will appreciate that a varl Iumﬂul I nations are possible with
t he i nvent i YO 9¥HE8Hat a FIG 7 is as®eiIses2139a -

process device prior to transnlsS|o oh & process control |oop,

and is also received froma process control loop in 30 order to have data
104 extracted. As such, data sBauct ure 102 may be found in nenory
in a given process device, in transit across a process control | oop,
or in a menory of @@Qﬁl@-@m@h&uﬁormatbaddéataeonto the £1WDA9/ 19782
PCT/ US98/ 21339 rocess control lox FIG 8 a
system bl ock dlagran1of proé@ss connunlcat on device 34 in accordance
with an embodtent hpraeessndenirenadappedces scouphetia a |fdm1(;ﬁeV| ce 34

i ncl udes | oog:fd&gw'@@:mm Ciddpli tthe %ﬂ:@ce‘s@t %re%tcé t' ons

circuitry 12 menory 122, and power uppl CIrCUIt
comuni cat i on C|rCU|trf”£H¥%§¥Y adapted €0 carry out a method of

transmitting data on the fluid process

control loop, the method comprising:

obtaining data related to a fluid
process;

formatting the data for internet
transmission;

formatting the data for transmission
upon the fluid process control
loop; and

introducing the formatted data onto the
fluid process control loop.

S
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i o

adabted to couple to process control |oop 126 to send and

receive

process control |oop signals to and from process contr ol éﬁ %ﬁ?%?
shoul d be N¥PS¥19184t 10 process control |oop 126 may be any @ﬁ% te -.

process control |l oop which pro /ﬂ s digital conmunication bet ween
devices on the process control Iooé‘ Loop comuni cation circuitry 116
is coupled to nenory 122 whi ch contains data indicative of a | oop
address of 15 comrunication device 34 on proces rol | oop 126.
Thus, | oop comruni cation circuitry Is able to det ermi ne when
process control |oop data is addresged to proces connunication devi ce
34 by conparing the |oop addr ess wth
destination device 20 information re thZhgﬁﬁg;?the pr c s control |oop
126. Loop conmuni cation circuit 116 is coupled tg internet
comuni cation circuitry 120. nternet c ni cation
circuitry 120 is adapjgd to Zoupl o an inter t hr ough
comuni cation 25 [|ink 40. ernet communifcatiorf circuitry 120 1is
coupled to nmenory 122, which ntai ns data iQdicatijve of an internet
address of communi cati on deyfce 34. When process
comuni cation device 34/is operatj/hg to transnitd@ata from process
control loop 126 30 t n 44ternet, oop connun;c/{lon circuitry 116
receives a | oop packet é’ cess control |oop 126 whi ch cont ai ns

, the | oop address of pr conmmuni GAt i on | " ngQ;in

. menory 122. Loop co Capi on C{NVZEZ%.A%ZWW

: 40

PROCESS
COMUNICATOR ] 24
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C74
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%
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circuitry 116 is adapted to extract an internet packet WO 99/ 19782

PCT/USQS/Zlﬁ%? -22- fromthe |OOE%
packet whi ch'? ¥128%i ved from process control |oop 126. AR&TYPEERAY .
packet is any body of data which, i ncludes internet routing data such as
,an I P address. Loop connum(xanQ?circuitry 116 provides the 5
. extracted internet packet to internet conmunication circuitry 120 which
formats the packet for transm ssion through |ink 40. Internet
comuni cation circuitry 120 then transmts the formatted internet
packet through link 40 into the internet to which link 40 is connected.
10 Whep proggess comruni cation devige 34 works in t he
opposite dir%nllgﬂzﬁﬂhf nt er net packet gp&ehf as been formatted for
Stransmissionithrofigh link 40 arrives at _interpet comminication
circuifry 120. rTet €O nication circuitry 120 extractgvﬁ1e
i nternet pac b gt a r?neLued__LLin l'ink 40. | n{ er net
LOOP . REGULATOR
INTERFACE CIRCUIT
//
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comuni cation circuitry 120 then determnes if the destination for the

recei ved internet packet is a process control device mhl éw l,g§5 upon
process  WQ8Hi loop 126. If so, internet comunica -
circuitry 120 passes the inter packet to |oop connunlcation

circuitry 116 which encapsul ates t I nt ernet packet with process
control |oop routing I nformati on and introduces the so formatted packet
onto process control |oop 126 for transm ssion to the 25 destination

process control device. As can be seen in FIG 8,
comuni cati on device

34 al so includes power supply 124 which is adapted
to couple to process control |loop 126 to inject power into process
control |oop 126. Power supply 124 nay be 30 coupled to a power source
128 which is external to process control |oop 126. In
sone enbodi nents of the invention, the format of | oop packets may be
the sane as the format of I nf odmafgi on received fromlink 40. For
exanpl e, when WO 9 9782 = 72

. PCT/ US98/ 21339 2
[ /
A recazanmlizoor ¢
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- 23- link 40 is in accordance wth an Ethernet data network, and
process control |loop 126 is in accordance with high- speed Fi el dbus
(H2), the pXO¥8H%8my be so sinilar, that little if anyPEEUSIBR3VI ng
IS required. In this 5 enbodi nept,, process communi cation device 34 still
adapt s the data by changi ng si | levels. Thus, although an

Et hernet network may not be intrinsically safe, process conmuni cati on
device 34 may affect the signal levels to such an extent that intrinsic
safety conpliance of 10 process control |oop 126 is naintained.

As can be appreciated, the present invention provi des a variety of
process devices, and a process communi cati on device which allow for

i ndi vi dual process devices to serve as internet comuni cation devi ces.
15 Thus, a transmtter in accordance with the present I nventi on may
performthe function of a web server allowing a variety of users

enpl oyi ng various platforns tq acgcess transmtter data and receive
process information. Further,] sloftware updates can now be 20

provi ded to the process devices thrjoug 8 public Internet, thus
reduci ng adm ni strat pye effort, Additionally, users of the present
I nvention by i nt ef 20 p{iwith the process

devi ces can effect profgd he
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SETTNRTE SIS

{25 appreciated, because the present invention enploys
traditional control |oops, the present invention ﬁg
. practiced mrﬁ%&ﬁﬁ nsically safe process control SEHa%? weoo-

devi c

~endangering intrinsic safety conpl[gﬂge. The various enbodi ments set
i forth herein may be 30 inpl emented dlOne or

i as appropri ate. Al t hough the present invention has been

I n conbination(s) as desired or

described with reference to preferred enbodi nents, workers skilled in
the art will recognize that changes WO 99/ 19782

PCT/ US98/ 21339 - 24- may be made in form and
detail w thout departing from the spirit and scope of the invention.
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“WHAT IS CLAI MED | S: - 25- 1. A process device adapted

"to couple to a fluid process control | oop, the process device cggPrising:
- a regul at or WQ 99782 adapted to couple to the BESUSZ18Hht r ol

‘1| oop and power the process device with power received from

. the process contrcﬂéﬂ456p; | oop interface circuitry

. adapted to couple to the process control |loop to send and
recei ve | oop signals to and fromthe process control | oop;
processor circuitry operably coupled to the | oop interface
circuitry, the processor circuitry adapted to receive a
sensor output; a nenory op Ly co ed to the processor

;circuitry, the menory containing address of the
: process device, the internet *Jaddress conprising at |east
. four groups of dat a\each greup conprising at |east eight
bits; and wherein the | oop erface circuitry is configured
to receive data packets fromthe procegs

— 92

ACCESS
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—94
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wrerner |~ 76
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CALL LOOP
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SUBSTITUTE SHEET (RULE 26)



control |oop which contain the internet address and to
transmt dawo askeet s on t he process control PCTA[SISAAIBTH

i nclude the i nt ernet address. 2. The process device
tof claim1l wherein the internet @@&ess is an Internet Protocol address
jas defined by RFC 791, pronulgated by the Internet Engineering Task Force

i Sept enber, 1981. 3. A process device adapted to couple to a fluid
process control |oop, the process device conprising:
- 26- means for providing power to the process device

‘Wi th power received fromthe process control

LOOP /P TCP DATA
1 | w8 | 106 104

gig- 7
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| oop; means for storing an internet address; and means
for sending“éﬂglr eiving data containing the i nt er net
address to an flsga% t he process control |oop. PCHUSI8RIII Ao
process devi ce adapted to couple tgp?%fluid process control |oop, the
process device conpri sing: op interface circuitry adapted to
couple to the process control |oop to send and receive | oop
signals to and fromthe process control | oop; processor circuitry
operably coupled to the | oop interface circuitry, the
processor circuitry adapted to receive a sensor output and

f or mat the sensor output in accordance with an

i nternet protocol and provide the formatted sensor output to
the loop interface circuitry for transm ssion on the process
control | oop. 5. The process device of claim 4 and further
conprising a regul agor chrcuit adapted to couple to the pgocess control

| oop and power the %LQQQyS deyice with Bgmer received fro process
control | oop. ==7225 I

— |

LOOP INTERNET
CIRCUITRY = | COMMUNICATION
716 CIRCUITRY

- 120
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6 The process device of claim 4 wherein the proc

. . %LgézgaﬁlJé§Lag7is
a ;mofMLre process control | oop. 7. ' ad Efeﬁ)@o

R R e
H

control Wab\ B CLAMED I$:he process devisCe€cW

process
t he p
signals i
response P

OWEer =r ecel df

romt he

control loop; loop interface circuitry adapted to couple to

tocess

dniprolcesksoogeviae gdapted e toproceysks to s=onfludd

| oop
in

n accordanc W th rocess control, | oop protoco
FooeSS Gl JROBr BhE RACTHA GETLCEnaoRRF wtkdrel y provi de
i nput packets based; UpRRNI18&RKY €@ircuit PIARGRFRACORL OLoh®RP HONFHS:

‘2.

address is an Internet Protocol address as defined by REC

791,

process control loop and power the process
device with powér received from the process
control loop;

.loop interface circuitry adapted to couple to the
process control loop to send and receive loop
signals to and from the process control loop:

processor circuitry operably coupled to the loop
interface circuitry, the processor circuitry
adapted to receive a sensor output;

a memory operably coupled to the processor
circuitry, the memory containing an internet
address of the process device, the internet
address comprising at least four groups of
data each group comprising at least eight
bits; and

‘wherein the loop interface circuitry is configured
to receive data packets from the process
control loop which contain the internet
address and to transmit data packets on the
process control loop which include the

internet address.

The process device of claim 1 wherein the internet

promulgated by the Internet Engineering Task Force

September, 1981.

3.

A process device adapted to couple to a fluid

process control loop, the process device comprising:
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i nternet protocol circuitry operably coupled to the | oop interface

circuitry and adapted to provide the—ou%pu%—ﬁaeke%s—%ﬂ the | oop

i iterface circuitry in accordance w 1913 CE’M@N'{b@HﬁT
upan out put segnents received by the L!IHH "'E!‘B ﬁy‘) circuitry,
each out put packet conprising an outp urce internet
address, a destination internet address, and data I ndi cative
of a transport typepetie iforerpmetviding m@tmcd.to citheui;ixropefsur tdeericadapt ed
to receive the inp ackets fromghe | terface circuitry;
transmission circuitry dﬁ@ﬁbb??w%BuﬁﬁgﬁFW?gt m rh?rﬁ%ﬁ?ﬁﬁspﬁ?ﬂ§£9%
circuitry and adapted tojgep; transform output data received by the
transm ssion circuitry i nt o t he out put segnents, and assenbl e
i nput segments meamx dioedtrdngt Ae imtermedt agdoessel andrcuitry into

input data; and means for sending and receiving data containing the

internet address to and from the process

control loop.

4. A process device adapted to couple to a fluid
process control loop, the process device comprising:
loop interface circuitry adapted to couple to the
process control loop to send and receive loop
signals to and from the process control loop;
processor circuitry operably coupled to the loop
interface circuitry, the processor circuitry
adapted to receive a sensor output and format
the sensor output in accordance with an
internet protocol and provide the formatted
sensor output to the loop interface circuitry

for transmission on the process control loop.

5. The process device of claim 4 and further
comprising a regulator circuit adapted to couple to the
process control loop and power the process device with power

received from the process control loop.

6. The process device of claim 4 wherein the process

control loop is a two-wire process control loop.

7. A process device adapted to couple to a f£fluid

process control loop, the process device comprising:
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28 . processor circuitry adapted to receive a sensor

out put’, .and provide the output data to the tran ssion
circuitry and receive input data -27. i fifi ns%%MENT SHEET
cireuitry. 8. The process device “"lm 'l l l ' erein the

transm ssion circuitry transforns data in aecosrdance Wsth+ [ransm ssi on

Control Protocol as defined by RFC 793, promul gated by the Internet
Engi neeri ng Task FoPRceregubator cimeaitpr edapteddeliad cecovpfle ckai nthe

wherein the transm ssiop, . cLIcuityr ransf ornms_data i n_acgordance with User
Dat agr am Pr ot ocol as defPﬁé%e%§ ﬁﬁét%8§,§%¥%hu?%§tgawﬁ§ the | REBPhed
Engi neering Task Force. dedfice witA pdaked reidei®bdr €rohEh egrotdss a

fluid process device, the data structure conprising: _ a a data
field; a transnFeRERRL ckfRiol header an internet

protocol header; ang,., interfgcgr8§f§éi%§yngé&péé%”%é“@%ﬁ%le to the

process control loop to generate process

control loop signals in accordance with a
process control loop protocol in response to
reception of output packets, and selectively
provide input packets based upon received
process control loop signals;

internet protoccl circuitry operably coupled to the
loop interface «circuitry and adapted to
provide the output packets to the loop
interface circuitry in accordance with an
internet protocol and based upon output
segments received by the internet protocol
circuitry, each output packet comprising an
output segment, a source internet address, a
destinétion internet address, and data
indicative of a transport type, the internet
protocol circuitry further adapted to receive
the input packets from the loop interface
circuitry:

transmission circuitry operably coupled to the
internet protocol circuitry and adapted to
transform output data received by the
transmissicn circuitry into the output
segments, and assemble input segments
received from the internet protocol circuitry

into input data; and
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11, A process—device adapted to couple to a fluid process control |oop,

the process devj a regulator circuit adapted to

coupl e to the “mn:mm“lglma ess antrol | oop and power BERABEMENESHEET
rom

device with powek receal va the pro control | oop;
Ioop interface circuitry adapted to couple to the process
control loop to send and receive | oop signals to and fromthe
process control | ogRocessor c1rcu1tr' adapted -t&@9receiPEOGES§BAhsEIICUItTY
operably coupled to the |oop erface circuitry, the processor -
circuitry adapt ed PétPt-’:’éel @é\da El’éﬁ@&e othepuoutmﬁ alaﬁréntﬂoy thﬁlp| ed to
the processor circuitry da ction

execut i on upon ﬁgggsm%ﬁ%&éhﬁé#f%tfir ol reggivghlnpué a8ta

from the transmission c1rcu1try

8. The process device of claim 7 wherein the
transmission c¢ircuitry transforms data in accordance with
Transmission Control Protocol as defined by RFC 793,

promulgated by the Internet Engineering Task Force.

9. The process device of claim 7  wherein the
transmission circuitry transforms data in accordance with
User Datagram Protocol as defined by RFC 768, promulgated by

the Internet Engineering Task Force.

10. A data structure embodied in a fluid process
device, the data structure comprising:

a a data field:

a transmission control header:;

an internet protocol header; and

a process control loop header.

11. A process device adapted to couple to a fluid
process control loop, the process device comprising:

a regulator circuit adapted to couple to the
process control loop and power the process
device with power received from the process
control loop;

loop interface circuitry adapted to couple to the
procéss control loop to send and receive loop

signals to and from the process control loop;
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Lhstructions conpri sing: an internet formatting routine for formatting

the sénsor output in accordance with an

provide an i nternet-formatdeed out put;
routine for further
for transm ssion on the process control

I nternet protocol to

a |oop Bgmg g
fornatting t he internet-fornggge oﬁ@EG?JIT

| oop to provide a | oop

formatted output; an output routine to cause_the processor circuitry
to provide the | ooPHsEFECre FidaulEyt Pperably coupded| d6p the ndepPace

circuitry
| oop.

f or

inE%§%§€LS%£92ui89y,tQﬁe %&%%g§§orcgﬁE59ktry
adapted to receive a sensor output; and

a memory coupled to the processor circuitry and
adapted to store instructions for execution
upon the processor circuitry, the
instructions comprising:

an internet formatting routine for formatting
the sensor output in accordance with an
internet protocol to provide an
internet~-formatted output:

a loop formatting routine for further
formatting the internet-formatted output
for transmission on the process control
loop to provide a loop formatted output:

an output routine to cause the processor circuitry
to provide the loop formatted output to
the loop  interface circuitry  for
transmission on the process control

loop.
-
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(57) Abstract

A process device (32) is adapted to couple to a process
control loop (36) and communicate on the process control loop
(36). Communication on the process control loop {36) is effected
in accordance with an internet protocol. A process communication
device (34) is also provided which couples to the process control toop
(36), and an internet (42). The process communication device (34)
provides process control information received from the process control
loop (36), to the internet (42). Conversely, the process communication
device (34) also provides information received from the internet (42)

to the process control loop (36).
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