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ndustrial automation users are entering a new era
in which seamlessly integrated, multivendor control
systems will become a reality, and proprietary soft-

ware and hardware interfaces will become a thing of
the past.  Sounds like a dream, doesn't it?  Over the
last two decades, the industrial automation market has
seen a proliferation of proprietary interface standards.
Literally hundreds of different and incompatible propri-
etary interface standards developed by suppliers are
required to communicate with today's automation sys-
tems and devices.  It is only by walking through this
maze of interfaces that today's point-based solutions,
such as field devices, control systems, and business
systems, can be turned into an integrated plant-wide or
mill-wide manufacturing system.  But dramatic
advances in software technology are promising to
transform this situation into a world of compatible sys-
tems and devices.

TODAY'S SYSTEM CHALLENGES

Lack of software standards limit the effective use of
real-time information from today's control systems.
Difficulties in integrating the many required software
interfaces put a bottleneck on the overall system capa-
bility to provide information on demand.  Users and
systems in today's fast-paced business environment
absolutely require timely information in order to make
critical production and business decisions.  In addition,
a lack of standards often means a lack of choice for
users.  Creating a multivendor system, in which a com-
pany can choose and apply the best products and
systems for any given application often requires a will-
ingness to invest a significant amount of time and
money on system integration.  This investment is not
just to get the desired automation and control func-
tionality from the system.  Much effort is required to
ensure that the systems, which are purchased, can
share information and interoperate with other automa-
tion and business systems in the plant or factory.
Today's manufacturing environment often consists of a

complex combination of legacy systems and software
that makes access to timely, decision-making informa-
tion difficult.  Such systems also impose high recurring
maintenance and training costs on the company.

Currently, as a user, your system and information
requirements can seem quite straightforward yet in
reality are incredibly complicated to achieve.  How
many times have you wanted to simply transfer some
data between two applications or generate a report on
how your plant is operating, yet been thwarted by
incompatibilities between software applications? Do
you wish for the day when you can install software and
systems and automatically realize plug-and-play con-
nectivity and interoperability right out of the box? New
software technology is bringing about dramatic
changes in the automation industry.  These technolo-
gy advances are bringing into focus the reality of plug-
and-play software.  The industrial automation industry
is embracing a new breed of software technology that
emphasizes flexibility, openness, and ease of integra-
tion. This new technology provides enterprise-wide
tools that are scalable, platform-independent, based
on object-oriented graphical software development
environments, and work in a distributed client/server
architecture. Technologies such as Microsoft's ActiveX,
based on OLE/COM (Object Linking and
Embedding/Component Object Model), Sun's Java
language, and Internet/Intranets are all new technolo-
gies that are blazing trails to the utopia of open stan-
dards and interoperability. These new technologies are
just enablers, however.  They are not a solution in and
of themselves.  Suppliers and users must work togeth-
er to define how to leverage and use these technolo-
gies before they effectively create manufacturing and
enterprise-wide solutions.

HUMBLE BEGINNINGS

The most overwhelming trend in automation systems
in the past few years has been the move to Microsoft
Windows platforms.  From the meager beginnings of
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Windows 2.x as a semi-stable, user-friendly MMI plat-
form, Windows has now evolved in the form of
Windows NT into a robust, mission-critical control sys-
tem platform. In years past, Microsoft's dynamic data
exchange (DDE) became a de facto standard commu-
nication interface in automation systems.  DDE was
designed as a simple data passing mechanism for
communication between applications such as spread-
sheets and word processors.  First-generation MMI
systems used this protocol, and derivatives such as
NetDDE, as a mechanism to share data between
devices such as PLCs and MMI applications.  Many
end-users, however, found performance and reliability
limitations when using DDE as a real-time data com-
munication mechanism.  Microsoft replaced DDE with
a higher performance, more robust, and reliable data
exchange technology - object linking and embedding
(OLE). With this new standard, the focus can return to
concentrating on adding new functionality and engi-
neering new products instead of carrying the burden of
reinventing hundreds more proprietary communica-
tions interfaces. 

STANDARDS ARE PAVING THE WAY

A promising new standard for the industrial automation
market is OLE for Process Control, or OPC. An organi-
zation, the OPC Foundation, has been created to
establish guidelines by which OPC will provide multi-
vendor interoperability throughout the plant floor. The
OPC Foundation's charter is to establish an open con-
nectivity standard based upon Microsoft's OLE/COM
(component object model).  OLE/COM is an important
part of Microsoft's client/server distributed computing
strategy.  With its set of interfaces, an end-user can
interoperate and communicate between distributed
components.  However, to effectively use OLE as part
of an integration framework, manufacturers must agree
on OLE standards.  OPC defines a set of OLE/COM
interfaces, properties, and methods that extend this
technology, making it useful in process and manufac-
turing automation applications. This initiative has two
main benefits.  First, OPC will enable control and busi-
ness applications running on distributed, heteroge-

neous platforms to integrate at the object level.
Second, OPC eliminates the need for different propri-
etary hardware and software device communication
drivers.  OPC will provide plug-and-play communica-
tion and interoperability between field devices, control
systems, and enterprise-wide business applications.

ABOUT OPC

Microsoft's Object Linking and Embedding (OLE), now
called ActiveX, Component Object Model (COM) and
Distributed Component Object Model (DCOM) tech-
nology provided a standard software framework and
many available tools including Microsoft's Visual Basic
and Visual C++ and Borland's Delphi.  DCOM enables
an additional level of functionality, for it allows a client
computer to use objects located on other networked
computers.  To OPC, this means an MMI can execute
and collect data from OPC servers located on com-
puters throughout a manufacturing facility.  Utilizing
OLE/DCOM technology for developing software stan-
dards to communicate with industrial devices led to
the OLE for Process Control (OPC) specifications.
Since the device manufacturers understand their hard-
ware, its quirks, and can track changes in their prod-
ucts, these specifications are guidelines for hardware
vendors to develop the servers required to communi-
cate with their devices.  

As these software drivers enter the market place, you
need to understand OLE and DCOM technology and
how to take advantage of OPC drivers. OPC is an
evolving specification and the proceeding discussion
is based on the OPC Specification Version 1.0 dated
8/29/96.

OPC TECHNICAL OVERVIEW

At the lowest object level, an OPC Server consists of an
item that represents a physical I/O point on a device
network.  An item contains properties of the device
including: the access path, value, time stamp, quality,
and error information associated with it.  The access
path identifies a recommended communication path-
way to the device.  Group objects represent collections
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of items.  These items can be on different devices as
long as the same server accesses all devices.  I/O
operations, like read and write, execute on groups.
Groups can also perform a repetitive read operation at
a specified rate.  A server object represents a collection
of groups.  This hierarchy is represented in Figure 2.

An OPC Server implementation supports two sets of
interfaces, the OPC Custom Interface and the OPC
Automation Interface.

The OPC Custom Interface consists of the following
objects:

The OPC Custom Interface is meant to be implement-
ed by hardware vendors to support specific device and
network protocol behavior. The custom interface is
easily used by languages that can implement and
access the vtable binary interface as prescribed by the

OLE/COM specification. In general, client programs
which are created in C++ and which wish to attain
maximum performance will find it easiest to use the
OPC Custom Interface. Use of the OPC Custom
Interface from a scripting language such as Visual
Basic is difficult if not impossible.

The OPC OLE Automation Interface is meant to pro-
vide any OLE automation controller (e.g. Visual Basic
and Delphi) with similar capabilities to access and
configure process control data as the OPC Custom
Interface. The OPC Automation Interface is completely
independent of the OPC Custom Interface aside from
using it as a client. In fact, a single common version of
the OPC Automation Interface should work for all
clients and servers. It is expected that a common
implementation of the automation interface with be
provided by the OPC Foundation.

OPC specifies the following OLE Automation Interfaces
on objects, which may be used by any automation
controller (e.g. Visual Basic and Delphi).

THE EMERGENCE AND

ACCEPTANCE OF THE PC

OPC is an example of the effect that general-purpose

computer technology is having on the automation
industry.  The advancement and widespread accep-
tance of the PC has demonstrated that suppliers and
users can work together to create an industry-wide
standard.  There are standardized computer buses,
such as ISA Plug and Play and PCI, standardized I/O
ports such as RS-232 and Ethernet, and standardized
software operating systems such as Windows NT. With
these standards, millions of users share common
applications and exchange information seamlessly.
As more systems take advantage of the open software
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OPC Server

OPC Group

Enum OPC 
Item
Attributes

BBaassiicc  DDeessccrriippttiioonn

The main interface to an OPC
Server. Contains methods for serv-
er level functionality. This includes
browsing server address space
and the saving and loading of con-
figuration information.  The OPC
Group interfaces are acquired from
here.

Contains methods for the configu-
ration and management of a group
of data items  (scanning informa-
tion, update rate, etc.). Groups are
maintained by the server on behalf
of the attached client. Actual data
item definitions are server specific.
All OPC Groups have an imple-
mentation of DataObject for asyn-
chronous data access.

Contains methods for accessing
attributes of data items configured
in OPC groups (current value, sta-
tus, timestamp, definition, etc.).

OObbjjeecctt

OPC Server

OPC Group

OPC Item

BBaassiicc  DDeessccrriippttiioonn

Object with methods and proper-
ties for server level functionality
(maps to OPC Server custom inter-
face).

An automation object with this
interface must be created before
you can get references to the other
OPC automation objects.

Object interface with methods and
properties allowing group (collec-
tion of OPC Items) functionality.
The OPC Group object contains
methods and properties that allow
group level functionality (scanning
information, update rate, etc.). Maps
to OPC Group custom interface

An OPC Item object contains
methods and properties that allow
item level functionality (current
value, status, timestamp, definition,
etc.).

Figure 2.
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and hardware architecture of the PC, manufacturing
systems will become increasingly more open, flexible,
and lower cost.  This will allow end users to focus on
their key success factors, such as better quality and
improved time-to-market, rather than on the integration
headaches imposed by today's proprietary systems.
Suppliers will benefit from the lower costs of technolo-
gies whose development costs are spread across mil-
lions of PC systems rather than just tens of thousands
of automation systems.  Vendors also benefit from the
ability to focus on their differentiating value-added
capabilities rather than on developing enabling tech-
nologies such as OPC.

New technologies based on standards now give us a
great opportunity to create an integrated software envi-
ronment that permits development of reusable, plug-
and-play objects that are interoperable across corpo-
rate-wide manufacturing and business applications.
This capability has already proven valuable to busi-
ness users, where spreadsheets, word processors, and
databases can share information across company
boundaries. The promise of plug-and-play control sys-
tem components is within close reach-.
Interchangeable hardware and software components
based on standards like OPC are a great step forward
to achieving this goal.
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