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(57) ABSTRACT 

A neW and improved control system architecture using a 
combination of standard function blocks and neW ?exible 
function blocks eliminates the need for expensive and dif 
?cult to maintain custom control software and special l/O 
gateWays for discrete/hybrid/batch and PLC applications. 
The end user builds application-speci?c ?exible function 
blocks by con?guring the number and type of inputs and 
outputs, and the block algorithm. Flexible function blocks 
and gateWay ?exible function block interconnect and inter 
operate With each other and With standard function blocks in 
a distributed control architecture. 
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FLEXIBLE FUNCTION BLOCKS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation patent applica 
tion of US. patent application Ser. No. 10/453,596, ?led on 
Jun. 4, 2003 and entitled “Flexible Function Blocks”; Which 
claims the bene?t of US. Provisional Patent Application No. 
60/384,846, ?led on Jun. 4, 2002 and entitled “Flexible 
Function Blocks” and Ser. No. 10/453,596 is a continuation 
in-part patent application of US. Patent Application No. 
10/160,094, ?led on Jun. 4, 2002 and entitled “A Block 
Oriented Control System”, now US. Pat. No. 6,594,530 
(hereinafter the “’530 patent) and Ser. No. 10/453,596 is a 
continuation-in-part of Ser. No. 09/598,697, ?led on Jun. 21, 
2000 and entitled “Block-Oriented Control System on High 
Speed Ethernet”, now US. Pat. No. 6,826,590 (hereinafter 
the “’590 patent”). The ’530 patent is a continuation patent 
application of US. patent application Ser. No. 08/916,178, 
?led on Aug. 21, 1997 and entitled “A Block-Oriented 
Control System”, now US. Pat. No. 6,424,872 (hereinafter 
the “’872 patent”), Which claims the bene?t of US. Provi 
sional Patent Application No. 60/024,346, ?led on Aug. 23, 
1996 and entitled “Bidirectional Communication Protocol 
Used to Connect Field Devices”. The ’590 patent is a 
continuation-in-part patent of the ’872 patent and claims the 
bene?t of US. Provisional Patent Application No. 60/ 139, 
814, ?led on Jun. 21, 1999 and entitled “Foundation Field 
bus on HSE”. The disclosures of all of the above-referenced 
patent applications are hereby incorporated herein in their 
entireties. 

TECHNICAL FIELD 

[0002] The present invention relates to automatic control 
system architecture. More particularly, the present invention 
relates to extending the automatic control system architec 
ture described in the ’872 patent and ’697 application to 
include neW “Flexible Function Blocks” Which increase 
application capability to include complex discrete/hybrid/ 
batch and PLC applications. 

BACKGROUND 

[0003] Plant control systems have been rapidly migrating 
from proprietary, centraliZed architectures to open, decen 
traliZed ?eldbus-based architectures such as FOUNDATION 
TM ?eldbus from the Fieldbus Foundation (Austin, Tex.). 
FOUNDATIONTM ?eldbus speci?es a loWer speed ?eldbus 
(H1) optimiZed for process control, and a High Speed 
Ethernet (HSE) ?eldbus backbone for high performance 
control, subsystem integration, and management informa 
tion systems integration. Exemplary H1 and HSE are 
described in the ’872 patent, and the ’697 application, 
respectively. Since FOUNDATIONTM ?eldbus is an open 
and interoperable, distributed control architecture, control 
devices from different vendors interoperate on the H1 or 
HSE ?eldbus and share the control functions (e. g., control is 
distributed into the ?eldbus devices). Distribution of control 
into the ?eldbus devices reduces system installation cost 
because the need for centraliZed control computers and I/O 
subsystems are reduced or eliminated. Distribution of con 
trol into ?eldbus devices reduces system operating and 
maintenance costs because function blocks in the devices 
provide more information about process measurements and 
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device status. The demand for open and interoperable, 
distributed control ?eldbus systems is driven by equipment 
suppliers and users. Suppliers Want open and interoperable, 
distributed control ?eldbus systems because it alloWs them 
to sell their products to more users, instead of only to users 
operating a speci?c proprietary system. Users Want open and 
interoperable, distributed control ?eldbus systems so that 
they can select the best control devices from multiple 
suppliers instead of only devices speci?cally designed for a 
proprietary system. 

[0004] H1 provides the open and interoperable solution for 
?eld level control capability and integration, and HSE 
provides the open and interoperable solution for distributed 
control on a very high performance communication system 
typically called a ?eldbus control “backbone” netWork. The 
HSE control backbone aggregates information from loWer 
speed control devices, e.g., the H1 devices and other control 
devices, Which is used in supervisory and advanced control 
applications. The HSE control backbone aggregates data 
from high-speed control devices, e.g., HSE devices and 
other subsystems, and provides access/change of H1 and 
HSE control information by control system computers. 

[0005] Most plant automation application problems can be 
solved using standardized functions blocks as described in 
the ’872 patent. The ’872 function blocks have a ?xed I/O 
con?guration and a ?xed control algorithm. HoWever, cer 
tain applications have a need for function blocks Where the 
number and type of inputs/outputs (I/O) and the function 
block algorithm are con?gurable by the end user. These user 
con?gurable blocks are needed for more complex discrete/ 
hybrid/batch and PLC applications Where the I/O and algo 
rithms are application-speci?c. 

[0006] Prior to the present invention, there Was no Way to 
generate interoperable end user con?gurable blocks needed 
for the discrete/hybrid/batch and PLC applications. End 
users Were forced to develop custom control softWare and 
special I/O gateWays, Which Were expensive and dif?cult to 
maintain. 

[0007] What is needed is an open an interoperable ?eldbus 
that can provide function blocks described in the ’872 patent 
and ’697 application as Well as the end-user con?gurable 
blocks, thus eliminating the need for expensive and difficult 
to maintain custom control softWare and special I/O gate 
Ways. 

SUMMARY 

[0008] Embodiments described herein overcome the 
shortcomings described above and otherWise. Embodiments 
satisfy the above-described needs. Embodiments provide a 
neW and improved control system architecture providing a 
neW, end-user con?gurable function blocks, thus eliminating 
the need for expensive and dif?cult to maintain custom 
control softWare and special I/O gateWays in discrete/hybrid/ 
batch and PLC applications. The embodiments described 
herein are collectively referred to herein as the “Flexible 
Function Block” (FFB). 

[0009] These and other advantages are achieved, for 
example, by an apparatus for operating in an open control 
system that includes a memory, Which includes system 
management data and a ?exible function block, a processor, 
operably connected to the memory, and a medium attach 
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ment unit, Which translates input messages and output 
messages betWeen the processor and a transmission 
medium. The system management data includes a system 
schedule, the ?exible function block includes end-user con 
?gured parameters and an end-user con?gurable algorithm 
computer program, and the processor executes the ?exible 
function block based on the system schedule. 

[0010] These and other advantages are also achieved, for 
example, by a system for permitting interoperability 
betWeen devices including a plurality of devices, at least one 
device including a resource block and a ?exible function 
block and a medium attachment unit, operably connected to 
the ?exible function block. The resource blocks uniquely 
identify each device, the ?exible function block processes 
parameters to produce an output message, and the medium 
attachment unit translates an input message from a trans 
mission medium to the ?exible function block and the output 
message from the ?exible function block to the transmission 
medium. 

[0011] These and other advantages are also achieved, for 
example, by an apparatus operating in a control system. The 
apparatus includes a user layer, Which includes encapsulated 
?exible function block to provide functionality, a physical 
layer, Which translates messages from a transmission 
medium into a suitable format for the user layer and from the 
user layer into a signal for transmission on the transmission 
medium, and a communication stack, connected to the user 
layer and the physical layer. The communication stack 
includes a data link layer and an application layer. The data 
link layer controls the transmission of messages onto the 
transmission medium. The application layer alloWs the user 
layer to communicate over the transmission medium. 

[0012] Likewise, these and other advantages are achieved, 
for example, by a memory for storing data for access by an 
application frameWork operating in a device Within a control 
system. The memory includes a data structure stored in the 
memory, the data structure including a resource block, 
Which makes hardWare speci?c characteristics of the device 
electronically readable, an encapsulated ?exible function 
block, and at least one transducer block. The ?exible func 
tion block includes end-user con?gured program and param 
eters and the at least one transducer block controls access to 
the ?exible function block. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The foregoing objects and advantages of the 
present invention, together With other bene?ts and advan 
tages Which may be attained by its use, Will become more 
apparent upon reading the folloWing detailed description of 
the invention taken in conjunction With the draWings. 

[0014] In the draWings, reference numerals identify cor 
responding portions of the system. 

[0015] FIG. 1 is an overvieW of an extended control 
system. 

[0016] FIG. 2 shoWs the Open Systems Interconnect lay 
ered communication model as compared to the communi 
cation model of the present invention. 

[0017] FIG. 3 illustrates a hardWare embodiment of a ?eld 
device. 

Jan. 3, 2008 

[0018] FIG. 4 summarizes the virtual communication rela 
tionships provided by the Fieldbus Access Sublayer. 

[0019] FIG. 5 illustrates tWo devices interconnected via 
the communication services. 

[0020] FIG. 6 illustrates an object dictionary. 

[0021] FIG. 7 illustrates the virtual communication 
devices Within the communication model of the present 
invention. 

[0022] FIG. 8 illustrates a function block application 
structure Within a ?eld device. 

[0023] FIG. 9 illustrates external devices interconnected 
on a bus With ?eld devices. 

[0024] FIG. 10 illustrates the preferred layout of an object 
dictionary directory object. 
[0025] FIG. 11 illustrates examples of parameters inter 
connected for a single loop. 

[0026] FIG. 12 illustrates the preferred system architecture 
of the present invention. 

[0027] FIG. 13 illustrates a ?exible function block With 
user con?gurable inputs, user con?gurable outputs, and a 
user con?gurable algorithm. 

[0028] FIG. 14 illustrates an application using standard 
ized and ?exible function blocks. 

[0029] FIG. 15 is a block diagram illustrating an example 
of an application using standardized and ?exible function 
blocks. 

DETAILED DESCRIPTION 

[0030] The folloWing describes an improved open control 
system With enhanced interoperability and improved distrib 
uted control providing neW, end-user con?gurable function 
blocks (Flexible Function Blocks). The control system can 
support a variety of ?eld devices, including sensors and 
actuators, or high speed ?eld devices, such as cell control, 
motors, drives and remote input/output (I/O). The Flexible 
Function Blocks enable the number and type of function 
block inputs/ outputs (I/O) and the function block algorithm 
to be con?gured by the end user. A description of an 
embodiment of the control system is ?rst provided beloW 
(FIGS. 1-12), folloWed by a description of the Flexible 
Function Blocks (FIGS. 13-15) 

[0031] As shoWn in FIG. 1, a ?eld device operating on the 
control system is generally categorized as a link active 
scheduler 100, a link master 105, or a basic device 110. HoW 
a ?eld device is categorized depends on its control capa 
bilities and responsibilities. For example, a ?eld device is 
categorized as a link active scheduler 100 if it is acting as 
netWork controller of a bus 120. A ?eld device is categorized 
as a link master 105 if is capable of acting as the netWork 
controller or link active scheduler, but has not assumed that 
responsibility. A basic device 110 is not capable of acting as 
the netWork controller. 

[0032] The ?eld devices are electronically coupled or 
connected by a transmission medium 120, Which can be 
individual input and output Wires or a variety of bus con 
?gurations. As shoWn in FIG. 1, the embodiment uses a bus 
con?guration. The throughput rate of the bus may vary. A 
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feW of exemplary buses are the 31.25 kbit/s bus, the 1.0 
Mbit/s bus, and the 2.5 Mbit/s bus. 

[0033] The 31.25 kbit/s bus is generally used for process 
control applications, such as temperature, level, and How 
control. The 1.0 Mbit/s bus and 2.5 Mbit/s bus are usually 
used for high speed applications. Devices operating on 1.0 
Mbit/s bus and 2.5 Mbit/s buses are usually self-poWered or 
draW poWer from a separate poWer bus in the ?eldbus cable 
(i.e., 4 Wire cable), hoWever, they can also be poWered 
directly from the ?eldbus. 

[0034] In the embodiment shoWn, there are several link 
master 105 devices operating on the same bus 120. When 
these link master 105 devices are activated, these link master 
105 devices bid for the responsibility of becoming the link 
active scheduler 100. In the embodiment shoWn, the link 
master 105 device Which becomes the link active scheduler 
100 is the device With the loWest netWork address. In 
alternative embodiments, a particular device may be the 
“preferred” link master. In Which case, When the system is 
activated the link master 105 With the loWest netWork 
address Would assume the responsibilities of the link active 
scheduler 100. Then, the “preferred” link master 105 Would 
send a message to the link active scheduler 100 directing it 
to transfer control. Upon receipt of the message, the link 
active scheduler 100 Would transfer control to the preferred 
link master 105. 

[0035] HoWever, there are a variety of Ways to conduct the 
bidding process. For example, one type of bidding process 
is shoWn in US. Pat. No. 5,526,358, issued Jun. 11, 1996, 
Which is hereby incorporated by reference. The bidding 
process is also conducted if the link active scheduler 100 
controlling a bus 120 malfunctions or is removed. 

[0036] The control system can also include a bridge 130 to 
interconnect to individual buses and create larger netWorks. 
Communication betWeen the individual buses can be moni 
tored by operator stations 150. 

[0037] To describe this control system in detail, it is only 
necessary to describe a link master 105 because it contains 
the same control capabilities as a link active scheduler 100. 
A link master 105 incorporates a program interface com 
prising the folloWing three layers: (1) a physical layer, (2) a 
communications stack, and (3) a user layer. 

[0038] As shoWn in FIG. 2, the physical layer (PHY) 200 
and the communications stack 205 are derived from the 
Open Systems Interconnect (OSI) model. The physical layer 
(PHY) 200 is the same as OSI layer 1, and the communi 
cations stack 205 corresponds to OSI layers 2 and 7. The 
user layer 235 is not de?ned by the OSI model. In alternative 
embodiments, the physical layer 200 and communications 
stack 205 may be derived from a variety of different net 
Working standards, such as Transmission Control Protocol/ 
Internet Protocol (TCP/IP) and UNIX. A detailed description 
of each of these layers folloWs. 

I. Physical Layer 

[0039] As shoWn in FIGS. 1 and 2, the physical layer 200 
receives messages from the communication stack 205 and 
converts the messages into physical signals on the transmis 
sion medium 120 and vice versa. The physical layer 200 is 
de?ned by approved standards from the International Elec 
trotechnical Commission (IEC) and the International Soci 
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ety of Measurement and Control (ISA). For more informa 
tion about the physical layer 200, see ISA document S50.02 
1992 and IEC document 1158-2, Which is hereby 
incorporated by reference. In the embodiment shoWn, the 
messages are encoded using the Well knoWn Manchester 
Biphase-L technique and the clock signal is embedded in the 
serial data stream. The hardWare required to translate 
inbound messages from the bus 120 and outbound messages 
from a processor Within the device is generally called the 
medium attachment unit, such as a netWork adapter. After 
the physical layer 200 translates an inbound message from 
the bus 120, it forWards it to the communications stack 205. 
The communication stack 205 is described beloW. 

II. Communications Stack 

[0040] FIG. 2 shoWs a preferred communications stack 
205. In this embodiment, the communication stack 205 
includes the data link layer 210, the ?eldbus access sublayer 
220 and the ?eldbus message speci?cation 230. The data 
link layer is the same as OSI layer 2. The ?eldbus access 
sublayer 220 and ?eldbus message speci?cation 230 are 
sublayers Within the OSI application layer, OSI layer 7. The 
communications stack 205 does not use layers 3-6. The 
layers of the communications stack 205 are described beloW. 

A. Data Link Layer 

[0041] The data link layer 210 controls transmission of 
messages onto the bus 120 from a link active scheduler 100, 
link master device 105 or basic device 110 based the 
instructions of a netWork controller or the link active sched 
uler 100. In a preferred embodiment, the data link layer 210 
is a subset of the IEC and ISA data link layer standard. 

[0042] The link active scheduler 100 controls the data link 
layer 210 according to a netWork schedule stored in a 
memory. The netWork schedule is a list of transmit times for 
data buffers Within the system. The data buffers store data 
collected by the ?eld devices. For example, if the ?eld 
device is a thermometer, the data bulfer stores the tempera 
ture, and upon command, publishes the temperature reading 
onto the bus 120. Additionally, the link active scheduler 100 
can identify all the ?eld devices operating on the system 
because it maintains a “live list.” The link active scheduler 
100 maintains the live list by periodically transmitting a pass 
token message. Any ?eld device properly responding to the 
pass token is kept on the live list. If a ?eld device fails to 
respond to the pass token after a predetermined number of 
attempts, the device is removed from the live list. 

[0043] NeW devices can also be added to the live list. The 
link active scheduler 100 periodically sends probe node 
messages to netWork addresses not listed in the live list. If 
a ?eld device is present at the netWork address and receives 
a probe node message, the ?eld device immediately returns 
a probe response message. If the ?eld device ansWers With 
a probe response message, the link active scheduler 100 adds 
the ?eld device to the live list and con?rms the ?eld device’s 
addition by sending the ?eld device a node activation 
message. 

[0044] Whenever a ?eld device is added or removed from 
the live list, the link active scheduler 100 broadcasts the 
changes to the live list to all ?eld devices. This alloWs each 
?eld device to maintain a current copy of the live list. 

[0045] The link active scheduler 100 also schedules the 
communications from other ?eld devices operating in the 
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system. The link active scheduler 100 coordinates the timing 
of each communication by issuing compel data messages at 
the scheduled times. Upon receipt of the compel data 
message, the requested ?eld device broadcasts or publishes 
its data to the other ?eld devices operating in the system. To 
assure proper synchronization, the link active scheduler 100 
also periodically broadcasts a time distribution message on 
the bus 120 so that all ?eld devices have exactly the same 
data link time. The time distribution message is a message 
Which includes the data link time. The data link time is the 
system time of the link active scheduler 100. When the time 
distribution message is received by the link masters 105, the 
link masters 105 reset or recalibrate their individual system 
times to the data link time. 

[0046] The remaining operations are performed betWeen 
scheduled messages or data exchanges. The link active 
scheduler 100 grants permission to other ?eld devices to use 
the bus 120 by issuing a pass token message to an individual 
device. When the individual ?eld device receives the pass 
token, the ?eld device is alloWed to send messages until the 
?eld device is ?nished sending messages or until the maxi 
mum token hold time has expired, Whichever is shorter. The 
token hold time is the amount of time the device can send 
messages after receiving the pass token. This method of 
control management is commonly called token passing 
control. A variety of techniques for implementing token 
passing control are Well-knoWn to those skilled in the art. 

[0047] To control the data exchanges each device prefer 
ably includes an input snap 240, processor 250, memory 
255, contained parameters 257 and output snap 260, and a 
medium attachment unit 612, as shoWn in FIGS. 3 and 8. 
The input snap 240 and output snap 260 protect parameter 
values from Write access or other external interferences 
during execution of a block. The processor 250 processes the 
execution of stored blocks as Well as the algorithms and 
programs Within the blocks. The snapped parameters and 
contained parameters 257 are stored in the memory 255. The 
memory is preferably EEPROM or FLASHROM to permit 
programming of the device Without the danger of losing data 
due to poWer loss. In alternative embodiments, the memory 
255 may be ROM, RAM, or EPROM. 

B. Fieldbus Access Sub-Layer 

[0048] The next layer in the communications stack 205 is 
the ?eldbus access sublayer 220. The ?eldbus access sub 
layer 220 uses the scheduled and unscheduled data 
exchanges of the data link layer 210 to provide a service for 
a ?eldbus message speci?cation 230. The service provided 
by the ?eldbus access sublayer 220 is the e?icient addressing 
of commonly sent messages. Some examples of ?eldbus 
access sublayer services are called virtual communication 
relationships (VCRs). FIG. 4 shoWs three types of VCRs: 
client/server 251, report distribution 252, and publisher/ 
subscriber 254. 

[0049] The client/ server VCRs 251 are used for operator 
messages, such as the types of messages listed in FIG. 4. 
Speci?cally, client/server VCRs 251 are queued, unsched 
uled, user-initiated, one-to-one communications betWeen 
?eld devices. Queued means that the messages are sent and 
received in the order the messages Were submitted for 
transmission Without overWriting the previous message. In a 
preferred embodiment, a ?eld device can send a message 
requesting a data exchange When the ?eld device receives a 
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pass token message from the link active scheduler 100. The 
requesting device is called the client. The device that 
receives the request is called the server. The server responds 
When it receives a pass token message from the link active 
scheduler 100. The report distribution VCRs 252 are used 
for event noti?cation, such as alarm noti?cations to operator 
consoles and trend reports. Speci?cally, the report distribu 
tion VCRs are queued, unscheduled, user-initiated, one-to 
many communications. The report distribution VCRs 252 
alloW a device to send a message to a common address, such 
as “ALL OPERATOR CONSOLES.” 

[0050] The publisher/subscriber VCRs 254 are used for 
publishing data. Speci?cally, the publisher/ subscriber VCRs 
254 are buffered, one-to-many communications. Buffered 
means that only the latest version of the data is maintained 
Within the netWork. NeW data overWrites previous data. In 
the preferred embodiment, a ?eld device publishes or broad 
casts messages to other ?eld devices on the bus 120 When 
the ?eld device receives a compel data message from the 
link active scheduler 100. The publisher/subscriber VCR 
254 is used by the ?eld devices for scheduled publishing of 
user layer function block inputs and outputs. The publishing 
of user layer function block inputs and outputs is discussed 
in more detail later. 

C. Fieldbus Message Speci?cation 

[0051] Another layer in the communications stack 205 is 
the ?eldbus message speci?cation 230. The ?eldbus mes 
sage speci?cation 230 alloWs ?lnction block applications to 
send messages to each other using a standard set of message 
formats. The ?eldbus message speci?cation 230 describes 
communication services 270, message formats and protocol 
behavior needed to build a message for the user layer 240, 
as illustrated in FIG. 5. In a preferred embodiment, the 
formatting of ?eldbus message speci?cation messages is 
de?ned by a formal syntax description language called 
Abstract Syntax Notation 1 developed by International Tele 
graph and Telephone Consultive Committee. 

[0052] Data that is communicated over the bus 120 is 
described by an object description. Object descriptions 280 
are collected together in a structure called an object dictio 
nary 281, as illustrated in FIG. 6. The object descriptions 
280 are identi?ed by an index number 285. An index number 
is a cross reference to the location Where a particular object 
description is stored in memory. Index Zero 287, called the 
object dictionary header, provides a description of the dic 
tionary itself and de?nes the ?rst index for the object 
descriptions of the function block application 440. 

[0053] In a preferred embodiment, index numbers 1-255 
de?ne standard data types, such as Boolean, integer, ?oating 
point, bit string, and data structures, that are used to build all 
other object descriptions 280. The index numbers above 
index number 255 cross reference user layer object descrip 
tions 280. 

[0054] The communication services 270, shoWn in FIG. 5, 
provide a standardized Way for user layers 235 to commu 
nicate over the ?eldbus. Some examples of communication 
services 270 are context management service, object dictio 
nary service, and variable access. In a preferred embodi 
ment, the context management services are used to establish 
and release virtual communication relationships With a vir 
tual ?eld device. The object dictionary service alloWs the 




























